
RESEARCH ARTICLE

A grey-DEMATEL approach for analyzing factors critical
to the implementation of reverse logistics in the pharmaceutical care
process

Elaine Aparecida Regiani de Campos1 & Madjid Tavana2,3 & Carla Schwengber ten Caten1
& Marina Bouzon4

&

Istefani Carísio de Paula1

Received: 21 June 2020 /Accepted: 4 October 2020
# Springer-Verlag GmbH Germany, part of Springer Nature 2020

Abstract
There is an increasing interest in product recovery, closed-loop supply chains, and reverse logistics (RL) for mitigating environ-
mental impairment. Although RL is becoming a mandatory policy in developed countries, it is still in an embryonic stage in some
industrial sectors of emerging economies. The purpose of this study is twofold: (1) identify the critical factors to the successful
implementation of RL in the Brazilian pharmaceutical care process (PCP) and (2) determine the cause-and-effect relationships
among them. We use snowball sampling to select the relevant RL studies and deductive reasoning and classification to identify
the critical factors and a grey decision-making trial and evaluation laboratory (DEMATEL) to evaluate the cause-and-effect
relationships among them. The study revealed management, collaboration, information technology, infrastructure, policy, finan-
cial and economic, end-of-life management practices, and logistic performance factors as the most relevant factors to the
successful implementation of RL in the Brazilian PCP. The end-of-life management practices were identified as the most critical
factor, and information technology was identified as the least critical factor. We further determined the end-of-life management
practices and policy have the strongest casual relationship. The municipal PCP coordinators can use the findings of this study to
formulate mitigating strategies to identify and eliminate barriers to the successful implementation of RL in the Brazilian PCP.

Keywords Reverse logistics . Grey system theory . DEMATEL . Implementation barriers . Pharmaceutical care process

Introduction

The sustainable management and conservation of resources
require sustainable strategic initiatives by business and gov-
ernment (Scavarda et al. 2019; Prakash and Barua 2016).
Reverse logistics (RL) is a strategic initiative that contributes

to the conservation of natural resources. Guarnieri et al. (2020)
have argued RL improves competitiveness, reduces waste,
provides greater profitability, and improves customer relation-
ships. Other seminal publications reinforce the economic and
social values provided by RL (Rogers and Tibben-lembke
2001; Prahinski and Kocabasoglu 2006).
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Paula et al. (2019) highlighted the environmental impacts
of the pharmaceutical supply chains as solid waste and waste-
water generation (caused by incorrect discharges), human
well-being (increased aging and demographic change leading
to an escalating dependency on medicines), and social equal-
ity (contrasting with lack of access, high prices, and losses in
supply chains). RL practices have been an integral part of
sustainable development strategies, and it is an important ap-
proach for the efficient use of resources, minimizing waste
from end-of-use/end-of-life (EOU/EOL) products, and being
driven by regulatory issues (Viegas et al. 2019). Although
many countries face difficulties in RL implementation, the
problem is more serious in developing countries (Chauhan
et al. 2018; Scavarda et al. 2019), where the rate of economic
growth and urbanization is quickly increasing while the legis-
lation is often incipient (Bouzon et al. 2016).When it comes to
unused EOU/EOL medicine, disposal has been a high priority
problem and a concern for public health professionals, gov-
ernments, and society (Aquino et al. 2018; Kelly et al. 2018;
Vellinga et al. 2014).

Pharmaceutical waste has undesirable effects with signifi-
cant economic and environmental consequences, particularly
when it is discarded illegally in landfills, rivers, or oceans.
Thus, the implementation of collection strategies requires
greater attention (Bungau et al. 2018; Guirguis 2010). With
regard to the disposal of unused and expired EOU/EOL med-
icine, a study conducted by Al-Shareef et al. (2016) in Saudi
Arabia, revealed that 79.15% of medication users dispose of
their unwanted medication through household waste; 7.04%
dispose of them into the toilet or sink; 4% do not knowwhat to
do with them; 3.71% send them for hazardous waste collec-
tion; 1.70% returned them to their doctor; 1.70% return them
to the pharmacy; 1.60% give them to someone else; 0.70%
never dispose them; and 0.60% discarded them some other
ways. Similar results were found in Illinois, in a study by
(Wieczorkiewicz et al. 2013).

Pinto et al. (2014) conducted a behavior survey with un-
dergraduate students to understand what practices are adopted
for the disposal of EOU/EOL medicine in Brazil. Results re-
veal that 62% of the students disposed of their unwanted med-
icine as ordinary garbage, 19% have a habit of discarding
them in running water, 10% returned the medication to a
health center, pharmacy, or community center, 4% disposed
everything as recyclable waste, and 5% adopted other disposal
practices. In many cases, pharmaceutical professionals recog-
nize health waste collection as a new pharmaceutical service
in addition to their daily responsibilities (Manojlović et al.
2015).

The pharmaceutical care process (PCP) implemented by
the Brazilian Health Ministry is a structured set of procedures,
part of the broader pharmaceutical supply chain, which in-
cludes selection, programming, acquisition, storage, distribu-
tion, and dispensation (SPASDD), supplying medicines to

Brazilian citizens (Brazil 2001). While the health agencies
have regularly forbidden the recovery of EOU/EOL medicine
in the PCP, many professionals, government workers, and
system users have questioned this policy for a long time.
The 12,305/10 Solid Residues Act (Brazilian Solid Waste
Policy 2010) has played an important role in maintaining the
subject on the front burner. The disposal of medicines may be
a complex discussion, albeit necessary, that requires efforts
from the entire society, as well as various private and public
sectors. There is an urgent need to accelerate the discussion
and implement pilot drug collection programs (Medeiros et al.
2014). Campos et al. (2017) have identified regulatory and
stakeholders’ educational perspective by calling attention to
the need for professional awareness throughout the pharma-
ceutical supply chain. These authors mention that, ideally,
pharmacists occupy a privileged position in the PCP for
collecting unused medications and educating the population.

Due to its complexity, different countries do not have
guidelines for the proper disposal of unused medicines
(Tong et al. 2011).Moreover, the disposal of unusedmedicine
becomes challenging as medication use increases, and the
pharmaceutical return process encounters several barriers
along the RL supply chain (Yazdani et al. 2020; Abbas and
Farooquie 2013; Viegas et al. 2019; Van Der Wiel et al.
2012). According to Pereira et al. (2017), the lack of agree-
ment for the pharmaceutical sector may lead to serious envi-
ronmental and public health challenges. Therefore, the identi-
fication and classification of these critical factors are prereq-
uisites to the successful implementation of RL (Kumar and
Dixit 2018; Prakash and Barua 2016).

Different issuesmay inhibit effective healthcare solid waste
management, such as political, governmental, financial, and
technological issues, among others (Yazdani et al. 2020). The
rationale behind this study is to empirically understand the
critical factors that prevent the implementation of pharmaceu-
tical waste management in the public health sector, specifical-
ly in the PCP, so that it is possible to create guidelines for
addressing these barriers.We formulate the following research
questions in this study:

& Research question 1: What are the critical factors to the
successful implementation of RL in the PCP?

& Research question 2: What are the cause-and-effect rela-
tionships among these critical factors?

For this purpose, we propose a multi-criteria decision anal-
ysis (MCDA) model using the grey decision-making trial and
evaluation laboratory (grey-DEMATEL).

The remainder of this manuscript is organized as follows.
The second section presents the literature review on the RL
critical factors. The third section presents an explanation of the
grey-DEMATELmethod. The fourth section shows the appli-
cation of the proposed method, and the fifth section discusses
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the results. Finally, the last section closes the paper by pre-
senting the concluding remarks and suggestions on future re-
search directions.

Theoretical references

Abbas and Farooquie (2013) and Prajapati et al. (2019) argue
every RL implementation faces obstacles, and it is vital to
identify and eliminate these barriers for a successful applica-
tion, especially in the pharmaceutical supply chains compris-
ing the disposal of unused medicine. They also show that
MCDA tools and techniques are most uniquely effective in
identifying the barriers to the successful implementation of
RL. In this section, we review the MCDA applications in RL.

MCDA Applications in RL

Rahman and Subramanian (2012) proposed a framework for
EOL computer recycling operations by identifying the critical
factors in implementing recycling operations. They investigat-
ed the causal relationship between factors that influence
recycling operations using DEMATEL. The results indicate
that resource availability, coordination and integration of
recycling tasks, and volume and quality of recyclables are
critical to computer recycling operations. Factors such as gov-
ernment legislation, incentive, and customer demand were
identified as the main drivers.

Prakash et al. (2015) proposed a fuzzy analytic hierarchy
process (FAHP) to identify and weigh the importance of the
barriers to RL implementation. They also used the technique
for order of preference by similarity to ideal solution
(TOPSIS) to classify these barriers and formulate strategies
for their elimination. Prakash and Barua (2016) presented a
FAHP-based MCDA method for prioritizing barriers to the
adoption of RL in the electronic industry. They identified 38
barriers through literature review and expert opinions. These
barriers were classified into seven main categories. The result
of the study indicated that customer acuity in RL, lack of
coordination/collaboration with third-party logistic
providers, and uncertain quality and return time are the three
most significant barriers to RL adoption. Xia et al. (2015)
employed the grey-DEMATELmethod to analyze the internal
barriers in the automotive parts industry. They showed the
cause/effect relationships could be used by the remanufac-
turers to eradicate the main internal barriers and increase
productivity.

Govindan et al. (2016) investigated the key barrier to
remanufacturing and addressed crucial interrelations and in-
terdependencies in this industry. The data obtained were proc-
essed using two solution methodologies, interpretive structur-
al modeling (ISM), and fuzzy analytic network process. They
showed the higher cost and the lack of acceptance by the

customer were the key barriers in the automotive industry.
Chauhan et al. (2018) used the combination of MCDA,
ISM, and DEMATEL to identify the barriers that deter the
establishment of waste recycling units. Their study suggests
that the lack of financial resources, raw material, and
government subsidies are the most critical barriers to the
successful implementation of waste recycling infrastructure.
Agrawal et al. (2016) reviewed and prioritized the critical
success factors (CSFs) for the successful implementation of
RL in the electronic industry. Twelve CSFs were identified
through a literature review, and a discussion with industry
experts, and the following four factors were identified as
CSFs: top management awareness, resource management,
economic factors, and contract terms and conditions. They
also identified process capabilities and skilled workers as the
two least critical factors. The findings were useful for
successful RL implementation in the electronic industry. The
authors have employed the TOPSIS to prioritize the CSFs, and
they affirmed that the factors prioritized in their investigation
were critical to RL implementation. Similarly, Mangla et al.
(2016) used the AHP and DEMATELmethods to evaluate the
CSFs in the adoption of RL in manufacturing. Their results
show the importance of global competitiveness in RL.

Waqas et al. (2018) studied the barriers to RL implemen-
tation in the manufacturing industry by combining the Delphi
methodology and structural equation modeling. They
identified high cost of RL adoption, lack of skilled
professionals, lack of supporting policies, lack of
organizational culture, lack of human resources, lack of
knowledge of environmental laws, lack of community
pressure, and company policies as the most critical barriers.
Sivakumar et al. (2018) used DEMATEL to evaluate the bar-
riers to sustainable practices for EOL products. They evaluat-
ed the strength of the relationships between 18 barriers in the
used plastic industry and identified the most prevalent barrier.
Sirisawat and Kiatcharoenpol (2018) focused on the
classification and ranking of barriers to RL implementation
in the electronic industry and proposed a methodology based
on fuzzy AHP and fuzzy TOPSIS, in which fuzzy AHP was
used to obtain the weights of each barrier and TOPSIS was
used for the final ranking of the RL implementation barriers.
Kumar and Dixit (2018) used DEMATEL to identified the
barriers that should be addressed urgently to manage the waste
issue in consumer electronics. They also recommended that a
combination of the method with structural equation modeling
could be used to validate the proposed model statistically.
Bouzon et al. (2018) evaluated the barriers to RL implemen-
tation in the Brazilian consumer electronic industry from the
stakeholders’ perspective. They used grey-DEMATEL and
identified organizational barriers as the most dominating bar-
rier in the Brazilian consumer electronic industry. RL can no
longer be treated as an auxiliary strategy, especially in indus-
tries susceptible to product recall and perishable products such
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as the pharmaceutical industry (Ali and Abdelsalam 2017).
We summarize by emphasizing on the importance of RL in
the pharmaceutical care process with EOU/EOL medical
products and medicine.

Critical factors in the implementation of
pharmaceutical RL

Abdulrahman et al. (2014) and Mangla et al. (2016) argue that
“critical barriers” and “critical factors” are synonymous in the
context of RL implementation of RL. We use the term critical
factors in this study. We use a literature review with the con-
struction of a bibliographic portfolio to identify the critical
factors in the PCP. Initially, a literature review is conducted
for the period between 2000 and 2019 with the keywords
“reverse logistics” AND “critical barriers” OR “critical fac-
tors”; “reverse logistics” AND “implementation” in the fol-
lowing databases: Web Science, Science Direct, Emerald, and
Google Scholar. We used the Snowball procedure (Biernacki
and Waldorf 1981; Wohlin 2014) and selected a portfolio of
78 papers related to the implementation of RL in different
sectors. There is an increase in the number of papers from
2008 on, and no publication was identified in 2019. The
distribution of papers by year is presented graphically in
Appendix Fig. 3. We pooled the following eight factors by
using deductive reasoning and classification method proposed
by Abdulrahman et al. (2014) and Mangla et al. (2016): man-
agement factor (MF), collaboration factor (CF), information
technology factor (ITF), infrastructure factor (IF), policy fac-
tor (PF), financial and economic factor (FEF), EOL manage-
ment practices (EOL-MP), and logistic performance factor
(LPF). Table 1 shows a brief description of these factors.

Table 1 summarizes the content analysis and the classifica-
tion of the critical factors for the 78 papers reviewed. As
shown in this table, MF, CF, ITF, PF, and FEF factors were
more frequently mentioned in the literature. These critical fac-
tors and their attributes are presented in Appendix Table 7.

Proposed framework

In this section, we present the grey-DEMATEL framework
proposed in this study to analyze the barriers to the implemen-
tation of RL in the PCP. The proposed framework depicted in
Fig. 1 is composed of three distinct phases. In phase 1, we
identify a comprehensive list of the critical factors through
literature review (snowball procedure) and qualitative inter-
views with experts (see Appendix Table 7). In phase 2, we
use the grey-DEMATEL approach to select the most critical
factors for the successful implementation of RL in the phar-
maceutical care process. In phase 3, we analyze and synthe-
size our findings and propose the managerial and practical
implications of our study.

Context of application

The Brazilian Unified Health System - Sistema Único de
Saúde (SUS) is one of the most intricate public health systems
in the world, with services ranging from simple treatment to
more complex cases (BrazilianMinistry of Health 2019). This
healthcare network is structured with the primary health care
(PHC), which consists of basic health units, mobile care ser-
vice community agents, emergency care units or Unidade de
Pronto Atendimento (UPA), and medium and high complex-
ity care provided in hospitals. The secondary and the tertiary
care levels, not the scope of this investigation, are generally
provided in hospitals and consist of services with higher tech-
nological density and greater complexity (Mendes 2011).
There is a clear need for efficiency in the regional health
management systems (Zare et al. 2019).

The PCP cycle is a part of the pharmaceutical supply chain
and comprises drug selection, scheduling, procurement, stor-
age, distribution, and dispensing operations not only to serve
the citizens by the entire network of UPAs but also to serve
public and private hospitals. The city of Porto Alegre in Brazil
has 1.6 million citizens with access to medications, for free, at
ten municipal pharmacies and 145 UPAs, which receive med-
ications from the city medicine inventory called
Pharmaceutical Supply Center. In the context of the public
health system, drugs are procured by bidding, based on the
municipal list of essential drugs, buy means of the PCP cycle.

Data collection

In the first step of data collection, we interviewed the pharma-
cists who coordinate each of the ten municipal pharmacy and
on-site observations to become familiar with the PHC direct
and reverse flows (see Fig. 1). In the second step, after the
development of the critical factors matrix (Appendix Table 8),
new interviewees, including professionals that were involved
with the working group for the development of the solid waste
management plan for the municipality, were contacted. In
total, 14 interviews were conducted. We limited the size of
the decision-making group to a minimum of five and a max-
imum of fifty members, as suggested by Ranjan et al. (2016),
and used the data collection instrument presented in Appendix
Table 8.

The complete team of experts was made up of managers
from different municipal pharmacies and health clinics in the
public health system, waste managers from public hospitals,
the municipal public cleaning department, and the sanitary
surveillance of the city of Porto Alegre, Brazil. More informa-
tion on these expert profiles is provided in Table 2.

All the interviewees and responding experts in the
pairwise comparison matrix have direct or indirect ex-
perience in pharmaceutical or hospital waste manage-
ment, and most of them were involved with the working
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Table 1 Description of critical factors

Factors Description Subfactor References

Management
factor (MF)

This factor considered the human skills
available to pharmaceutical care for waste
management regarding the personnel who
performs activities and their motivational
aspects, reflecting the level of training and
engagement of the human capital and the
commitment of the senior management to
RL practices.

• Number of employees to
perform RL activities

El Baz et al. (2018); Chan and Chan (2008); Rogers and
Tibben-Lembke (2001); Sharma et al. (2011); Prakash
et al. (2015); Glassmeyer et al. (2009); Škapa (2011);
Škapa (2011); Pumpinyo and Nitivattananon (2014);
Waqas et al. (2018); González‐Torre et al. (2010);
Chauhan et al. (2018); Xia et al. (2015)

• Expertise and technical
knowledge

Muduli et al. (2013a); Massoud et al. (2010);
Mathiyazhagan et al. (2014); Yang et al. (2015); Luthra
et al. (2011); Bouzon et al. (2016); Škapa (2011);
Pumpinyo and Nitivattananon (2014); Erol et al. (2010);
Kumar and Dixit (2018); Kapetanopoulou and Tagaras
(2011); Waqas et al. (2018); Diabat andGovindan (2011);
Jabbour et al. (2016); González‐Torre et al. (2010); Sasu
et al. (2012); Chauhan et al. (2018); Xia et al. (2015)

• Employees’ motivation Muduli et al. (2013a); Shaharudin et al. (2015); Moktadir
et al. (2018); Diabat and Govindan (2011); Govindan
et al. (2016); Xia et al. (2015)

• Capacity building and/or
training for performing RL
activities

Abdulrahman et al. (2014); Jindal and Sangwan (2013); Ravi
et al. (2005); Prakash et al. (2015); Škapa (2011);
Moktadir et al. (2018); Erol et al. (2010); Kumar and
Dixit (2018); Kapetanopoulou and Tagaras (2011);
Waqas et al. (2018); Jabbour et al. (2016); Sasu et al.
(2012)

• Managers’ awareness about
pharmaceutical RL

Luthra et al. (2011); Abdulrahman et al. (2014); Jindal and
Sangwan (2013); Mathiyazhagan et al. (2014);
Abahussain et al. (2012); Sharma et al. (2011); Prakash
et al. (2015); Shaharudin et al. (2015); Chan (2007);
Abdullah and Yaakub (2014); Rahman and Subramanian
(2012); Škapa (2011); Moktadir et al. (2018); Liu et al.
(2006); González‐Torre et al. (2010); Ali et al. (2018);
Starostka-Patyk et al. (2013); Sasu et al. (2012); Sirisawat
and Kiatcharoenpol (2018)

Collaboration
factor (CF)

This concerns the level of collaboration of
those involved and how much these are
willing to collaborate and cooperate in terms
of communications and information sharing
about RL processes. It also includes the
extent to which information is reliable to
help with the management process as a
whole.

• Information exchange and
sharing

Abdulrahman et al. (2014); Badenhorst (2016); Bashaar
et al. (2017); Rahman and Subramanian (2012); Bouzon
et al. (2016); Jabbour et al. (2016); Laribi and Dhouib
(2015); Kongar et al. (2015); Mathiyazhagan et al.
(2014); Rameezdeen et al. (2016)

• Reliability in information
exchange

Bashaar et al. (2017); Prakash and Barua (2016); Jabbour
et al. (2016); Xie et al. (2016)

• Cooperation to perform RL
activities

Abahussain et al. (2012); Abdulrahman et al. (2014);
Bungau et al. (2018); Badenhorst (2016); Xia et al.
(2015); Xie et al. (2016)

• Collaboration between the
parties involved

Chileshe et al. (2015); Badenhorst (2016); Prakash and
Barua (2016); Jabbour et al. (2016); Xie et al. (2016)

Information
technology
factor (ITF)

The technology system is important to direct
logistic cycles, allowing dispensing to take
place effectively, ensuring thus inventory
control and logistic effectiveness. From the
perspective of RL, not only does the
information system allow for the recording
of expired items but also for the generation
of available data, which allows the
management of big data, helping managers
possess greater decision-making reliability.

• IT system for dispensing Meyer et al. (2017); Chiou et al. (2012); Tingley et al.
(2017); Cole et al. (2018); Abahussain et al. (2012);
Pumpinyo and Nitivattananon (2014); Drohomeretski
et al. (2014); Erol et al. (2010); Kumar and Dixit (2018);
Govindan and Bouzon et al. (2018); Jindal and Sangwan
(2011); Waqas et al. (2018); Abdulrahman et al. (2014);
Diabat et al. (2013); Jabbour et al. (2016); Ali et al.
(2018); Laribi and Dhouib (2015); Chileshe et al. (2015);
Luthra et al. (2011); Muduli et al. (2013a); Muduli et al.
(2013b); Govindan et al. (2016); Xia et al. (2015);
Chauhan et al. (2018); Chileshe et al. (2016); Agrawal
et al. (2016); Abbas and Farooquie (2018); Khan and
Subzwari (2009); Govidan and Bouzon (2018)

• IT system for relocating
• IT system for registering

expired drugs
• IT system for registering

medications delivered to the
population treated by the
public health system

Infrastructure
factor (IF)

The infrastructure reflects aspects of the
physical structure, that is, adequate storage
sites and a facility for storing returned items,
as well as transport infrastructure.

• Physical structure to receive
relocated drugs

Laribi and Dhouib (2015); Pérez-Belis et al. (2015); Bouzon
et al. (2016); Sivakumar et al. (2018); Muduli et al.
(2013a); Narayana et al. (2014); Muduli et al. (2013b);
Meyer et al. (2017); Massoud et al. (2015); Tingley et al.
(2017); Erol et al. (2010); Kumar and Dixit (2018);
Waqas et al. (2018); Abdulrahman et al. (2014); Diabat
et al. (2013); Ali et al. (2018); Laribi and Dhouib (2015);

• Physical structure to receive
expired drugs and supplies

• Physical structure to store
expired drugs
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Table 1 (continued)

Factors Description Subfactor References

Chileshe et al. (2015); Bungau et al. (2018); Khan and
Subzwari (2009); Cline et al. (2015)

• Physical structure to store
drugs still underuse
condition returned by
patients

Expert opinion

• Drug transportation from one
unit to another

Expert opinion

Policy factor
(PF)

Legal issues involve governmental decisions,
both at municipal, state, and federal levels,
for the creation of laws and regulations
aimed at enabling waste management
policies in order to establish a
pharmaceutical RL process as a required
action. Policy issues have a major influence
on the process of RL implementation in
different sectors.

• Laws/legislation for RL of
medicines and supplies pro-
duced by the municipality

Abdulrahman et al. (2014); Chan and Chan (2008); Rogers
and Tibben-Lembke (2001); Starostka-Patyk et al. (2013);
Bouzon et al. (2016); Cline et al. (2015); Luthra et al.
(2011); Massoud et al. (2015); Abdulrahman et al.
(2014); Muduli et al. (2013a); Glassmeyer et al. (2009);
Rameezdeen et al. (2016); Rahman and Subramanian
(2012; Pumpinyo and Nitivattananon (2014); González‐
Torre et al. (2010); Abbas and Farooquie (2018); Agrawal
et al. (2015); Bungau et al. (2018); Chileshe et al. (2015);
Aquino et al. (2018); Kumar and Dixit (2018); Kissling
et al. (2013); Jabbour et al. (2016); Moktadir et al. (2018);
Al-Shareef et al. (2016); Starostka-Patyk et al. (2013);
Jindal and Sangwan (2013); Škapa (2011); Chiou et al.
(2012); Govidan and Bouzon (2018)

• Failures in public sector
waste management law and
regulations

Glassmeyer et al. (2009); Starostka-Patyk et al. (2013);
Bouzon et al. (2016); Massoud et al. (2015);
Abdulrahman et al. (2014); Muduli et al. (2013a);
Glassmeyer et al. (2009); Rahman and Subramanian
(2012); Abahussain et al. (2012); Ngwuluka et al. (2011);
Kongar et al. (2015); Luthra et al. (2011); Aquino et al.
(2018); Jabbour et al. (2016); El Baz et al. (2018); Škapa
(2011); Waqas et al. (2018); Erol et al. (2010); Chiou
et al. (2012); Liu et al. (2006); Govidan and Bouzon
(2018)

• Inspection of RL practices Bouzon et al. (2016); Narayana et al. (2014); Muduli et al.
(2013a); Ngwuluka et al. (2011); Chileshe et al. (2015);
Moktadir et al. (2018); Starostka-Patyk et al. (2013); Lau
and Wang (2009); Chiou et al. (2012)

• Economic policies for
reducing RL
implementation costs in the
public sector

Laribi (2015); Cline et al. (2015); Abdulrahman et al.
(2014); Glassmeyer et al. (2009); González‐Torre et al.
(2010); Chauhan et al. (2018); Bashaar et al. (2017);
Aquino et al. (2018); Kissling et al. (2013); Jindal and
Sangwan (2013); Lau and Wang (2009); Erol et al.
(2010); Massoud et al. (2015)

Financial and
economic
factor (FEF)

This reflects the economic capabilities for the
implementation of waste management
practices. All implementation and
improvement is dependent on financial
resources. In this regard, financial resources
can be decisive for the accomplishment of
RL activities.

• Financial resource to improve
the information system

Sharma et al. (2011); Bouzon et al. (2016); Cline et al.
(2015); Muduli et al. (2013a); Muduli et al. (2013b);
Luthra et al. (2011); Massoud et al. (2015); Massoud
et al. (2010); Aquino et al. (2018); El Baz et al. (2018);
Kissling et al. (2013); Tingley et al. (2017); Abdullah and
Yaakub (2014); Lau and Wang (2009); Škapa (2011);
Moktadir et al. (2018); Pumpinyo and Nitivattananon
(2014); Drohomeretski et al. (2014); Kumar and Dixit
(2018); Bouzon et al. (2018); Kapetanopoulou and
Tagaras (2011); Jindal and Sangwan (2011); Waqas et al.
(2018); Abdulrahman et al. (2014); Diabat and Govindan
(2011); González‐Torre et al. (2010); Starostka-Patyk
et al. (2013); Laribi and Dhouib (2015); Chileshe et al.
(2014); Mathiyazhagan et al. (2014); Chauhan et al.
(2018); Kongar et al. (2015); Agrawal et al. (2015)

• Financial resource for waste
sorting practices

• Financial resource for waste
collection

• Financial resource for waste
storage, handling, and
transportation

• Financial resource for
disposal of medications and
waste

End-of-life
management
practices
(EOL-MP)

This concerns effective practices carried out
for the management of expired products and
waste from treatments conducted in health
facilities. Their implementation also focuses
on preventing the generation of expired
drugs within the health facility by
monitoring the expiry date of drugs and

• Waste sorting practices Sivakumar et al. (2018); Mathiyazhagan et al. (2013);
Chauhan et al. (2018); Bungau et al. (2018); Akici et al.
(2017); Kissling et al. (2013); Abdulrahman et al. (2014);
Gracia-Vásquez et al. (2014); Chileshe et al. (2016);
Jindal and Sangwan (2013); Kinrys et al. (2016); Chiou
et al. (2012); Muduli et al. (2013a); Massoud et al. (2016)

14161Environ Sci Pollut Res  (2021) 28:14156–14176



group. The sample was considered a reasonable repre-
sentative of the PCP since each expert performed a dif-
ferent role in the system. The interviews were adminis-
tered face-to-face and on an individual basis, within 2
months, depending on the availability of the inter-
viewees. The representatives from the public urban
cleaning company were included in the process to rep-
resent the opinions of this stakeholder group that im-
pacts the reverse flow of medicine in the PCP cycle.

Justification for choosing the grey-DEMATEL method
in the study context

Bai and Sarkis (2013) argue DEMATEL is a useful method
for uncovering causal knowledge from the causal analysis.
The uncovered causal knowledge is instrumental in advancing
the quality of decision-making and thus enabling the process
of converting strategic objectives into practical actions.
DEMATEL is a powerful MCDA method developed by the
Geneva Research Centre of the Battelle Memorial Institute
(Gabus and Fontela 1972) for collecting knowledge from a
group of experts and visualizing the interrelationships with a
cause/effect relationship diagram. Shaik and Abdul-Kader
(2014) justify the applications of DEMATEL by highlighting
its strengths as follows:

1. Providing a graphical output and presenting the reciprocal
relationship of the factors under study numerically

2. Visualizing the feedback relationships among the factors
at every level (the same, upper, and lower levels)

3. Presenting the importance weight of each factor in com-
parison with the influence of all other factors in the system

Therefore, DEMATEL is considered a versatile meth-
od. When compared with interpretive structural modeling
(ISM), DEMATEL allows for greater discrimination of
measures (ISM uses binary levels, while DEMATEL per-
mits variations in the strength of relationships). Moreover,
unlike fuzzy cognitive mapping (FCM), ISM, and other
casual maps, DEMATEL allows two-way relationships
(Bai and Sarkis 2013). Compared with the AHP method,
DEMATEL allows for possible multiple directional rela-
tionships, whereas AHP utilizes a unidirectional relation-
ship and various separate matrices which require integra-
tion (Zhu et al. 2011).

However, even considering its many advantages,
DEMATEL has its weaknesses (Bouzon et al. 2020). For
instance, DEMATEL is unable to deal with uncertainty and
lack of information (Bai and Sarkis 2013). In order to
overcome this limitation, we integrated the grey system
theory with DEMATEL because RL is not currently used
in the PCP flows due to legal and safety reasons, and the

Table 1 (continued)

Factors Description Subfactor References

supplies available in the stock of each clinic,
district pharmacy, and hospital.

•Monitoring of the expiry date
of medicines and stock
supplies

Bashaar et al. (2017); Sasu et al. (2012); Ngwuluka et al.
(2011); Gracia-Vásquez et al. (2014); Manojlović et al.
(2015)

• Monitoring of expired
medications and supplies

Expert opinion

• Collection of medications
delivered by the population

Expert opinion

• Third parties that collect
pharmaceutical and supply

Sasu et al. (2012); Yang et al. (2015); Bouzon et al. (2018;
Muduli et al. (2013b); Kissling et al. (2013); Pumpinyo
and Nitivattananon (2014); Abdulrahman et al. (2014);
Mathiyazhagan et al. (2014); Laribi and Dhouib (2015)

• Third parties that properly
dispose of drugs and
supplies

Tingley et al. (2017); Tong et al. (2011); Luthra et al.
(2011); Mathiyazhagan et al. (2014); Xia et al. (2015);
Pumpinyo and Nitivattananon (2014); Jindal and
Sangwan (2013); Abdulrahman et al. (2014); Laribi and
Dhouib (2015)

Logistic
performance
factor (LPF)

In the pharmaceutical logistic process, the
dispensing of drugs to patients has to be
carried out, valuing the quality of care and
process expeditiousness. Other elements
may also be addressed, such as inventory
control, which will make dispensing be
performed efficiently or not.

• Dispensing of drugs and
supplies to patients

Glassmeyer et al. (2009); Laribi and Dhouib (2015); Abbas
and Farooquie (2018)

• Relocation of excess drugs Expert opinion
• Inventory control Expert opinion
• Control of drugs about to

expire
Expert opinion

• Control of the number of
expired medicines in one’s
own stock

Expert opinion

• Order delivery times Expert opinion
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experts’ opinions are naturally uncertain. The level of un-
certainty in the responses was inherent and concern, the
application sector had data that could be inaccurate, since
experts were contacted at different times. When compared
with the fuzzy set theory, the major benefit of a grey sys-
tem is its flexible capability in pattern detection and low
necessity on sample data (Yang and John 2003). Therefore,
the integration of the grey system theory with DEMATEL
allows for the representation of vague, imprecise, and in-
complete information (Xia et al. 2015). Thus, grey-
DEMATEL is used in scenarios where there is uncertainty
in expert responses concerning the relationships among the
factors. The grey-DEMATEL steps are described in the
next section.

Steps of the grey-DEMATEL approach

The grey system theory was initially proposed by (Deng 1982)
for representing vague, imprecise, and uncertain information.
The grey-DEMATEL method comprises the following steps
(Xia et al. 2015; Zhu et al. 2011).

Step 1: The experts are asked to indicate the influence
exerted by each critical factor when compared
with other critical factors using a scale ranging
from 0 to 4 (where 0 indicates no influence, 1
indicates low influence, 2 indicates moderate in-
fluence, 3 indicates high influence, and 4 indi-
cates very high influence). In this case, n

Fig. 1 The proposed framework
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represents the total number of experts. The grey
scales used to represent these linguistic values
are defined in Table 3.

Step 2: An 8 × 8 grey-direct relation matrix X was defined
for the grey pairwise influence relation comparison
(⊗xkij ), which was constructed based on the experts’
judgments, generating 14 matrices with 64 compar-
isons for each expert. The diagonal values in the
matrix are represented by 0 because there is no in-

terrelation between a factor and itself. ⊗X k
ij repre-

sents this grey-direct relation matrix:

⊗X k
ij ¼

0; 0½ � ⊗xk21 ⋯ ⊗xk1n
⊗xk21 0; 0½ � ⋯ ⊗xk2n
⋮ ⋮ ⋱ ⋮
⊗xkn1 ⊗xkn2 ⋯ 0; 0½ �

2
664

3
775

where⊗xkij represents the grey number from an evaluator k
who assesses the influence of barrier i on barrier j.

Each expert is given a brief description of the relevant
factors with each pairwise matrix. Zhu et al. (2011) proposed
a three-stage procedure to convert the grey numbers into crisp
numbers using the modified communication function classifi-
cation system, as demonstrated in Eqs. (1) to (4):

Step 3: Normalize the values:

⊗xkij ¼ ⊗xkij−min
j
⊗xkij

� �
=Δmax

min ð1Þ

⊗xkij ¼ ⊗xkij−min
j
⊗xkij

� �
=Δmax

min ð2Þ

where ⊗xkij and ⊗xkij are the lower and upper bounds of

⊗X, respectively, and Δmax
min ¼ max

j
⊗xkij−min

j
⊗xkij.

Step 4: Determine the total normalized crisp value:

Yk
ij ¼

⊗xkij 1−⊗xkij
� �

þ⊗xkij �⊗xkij

1−⊗xkij þ⊗xkij
ð3Þ

Step 5: Determine the final crisp value:

zkij ¼ min
j
⊗xkij þ Yk

ij Δ
max
min ð4Þ

Step 6: Develop a crisp direct relation matrix for each
expert and transforming matrix X into a crisp
matrix denominated Z. It is possible to derive
an average matrix N from a group of experts’
direct matrices.

1 Obtain the direct relation matrix N from Eqs. (5) and (6):

N ¼ s� Z ð5Þ

Table 2 Description of experts’
profile Unit of work Number of respondents Function

Pharmaceutical assistance 1 Coordinator

Municipal pharmacy 1 Nurse

3 Pharmaceutical

Central warehouse 2 Pharmaceutical

Public hospital 1 Nurse/waste manager

3 Waste manager

Sanitary surveillance 1 Chemical engineer

Public urban cleaning company 1 Chemical engineer

1 Civil engineer

Table 3 The grey linguistic scale for evaluation of respondents

Linguistic terms Grey numbers Normal values

No influence (N) [0, 0] 0

Very low influence (VL) [0. 0.25] 1

Low influence (L) [0.25, 0.5] 2

High influence (H) [0.5, 0.75] 3

Very high influence (VH) [0.75, 1] 4

Source: Bouzon et al. (2018); Xia et al. (2015)
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S ¼ Min
1

max
1≤ i≤n

∑n
j¼1Zij

;
1

max
1≤ i≤n

∑n
i¼1Zij

2
4

3
5 ð6Þ

Step 8: Determine the total relation matrix (T) by using Eq.
(7):

T ¼ N I−Nð �−1 ð7Þ

where I is denoted as an identity matrix and T as a total-
relation matrix.

Step 9: Determine the row Ri and column Dj sums for row i
and column j in the total relation matrix using Eqs.
(8) and (9):

Ri ¼ ∑
n

j¼1
tij

" #
∀i ð8Þ

Dj ¼ ∑
n

i¼1
tij

� �
∀ j ð9Þ

Step 10: Determine the overall importance or prominence
(Pi) and net effect (Ei) of each critical factor. In this
case Pi, the overall prominence or importance of
critical factor i, is described regarding the overall
relationships with other critical factors. According
to Tzeng et al. (2007), the larger the value of Pi is,
the greater the overall prominence of critical factor
iwill be. If the net effect Ei > 0, then critical factor i
is a net cause for the other critical factor. If the net
effect Ei < 0, the critical factor relies on the (net
effect of) operation of the other critical factor.

Step 11: Determine the strongest relationships between the crit-
ical factors and calculate the threshold value θ by
constructing the digraph relationship for each critical
factor (relative to other critical factors) using the total
relation matrix T. In this case, the relations with
threshold value plus 1 standard deviation is plotted
on the digraph as shown in italic font in Table 5.

Results

This section presents the results of each step of the grey-
DEMATEL method, which was applied considering the per-
spectives of 14 experts in the context of PCP.

Interrelations of the group of factors

Bearing in mind the context of PCP cycle selection,
scheduling, procurement, storage, distribution, and dis-
pensing operations, the experts should analyze how the
critical factors presented might have impacted pharmaceu-
tical RL in this process. Data related to the opinion of
each expert were obtained in the form of an 8 × 8 matrix,
using a pairwise comparison matrix. The total and non-
negative matrices of the experts consulted are presented in
Appendix Fig. 4.

The factors presented for analysis were the following: MF,
CF, ITF, IF, PF, FEF, EOL-MP, and LPF. Table 4 shows the
values that were derived from the normalized direct influence
matrix (see the “Steps of the grey-DEMATEL approach”
section).

Subsequently, to develop the cause and net effect dia-
gram, the sum of the values of matrix T was calculated
and multiplied by the number of factors squared. We con-
sidered relations with a threshold θ greater than 0.4083
when creating the causal diagram. These relations can be
seen in Table 5 in italic.

The relationship Ri + Dj represents the total influence
that a criterion exerts and receives in relation to the others
The relationship Ri − Dj represents the net influence that a
criterion exerts on the set of criteria, that is, the causal
relationship. Positive values indicate that the critical fac-
tor exerts more influence than it receives from other fac-
tors. If this value is negative, it indicates that it receives
more influence than exerts on the others. Table 6 shows
the degrees of prominence and net cause/effect.

These critical factors, listed according to their relative
weight and order of classification, are EOL-MP > LPF >
FEF > MF > PF > CF > IF> ITF >. Figure 2 shows the
interrelationship map, and the relationships that were plot-
ted on the graph were those previously highlighted in
bold. In Table 4, the critical factors that exert greater
influence were identified from the established threshold
value, and it was possible to filter the effects that had
irrelevant importance.

Results from Fig. 2 are discussed in the “Discussion” section.

Discussion

The grey-DEMATEL framework proposed in this study con-
sidered uncertainties and systematically organized the critical
RL implementation factors into two cause and effect cluster
groups, as shown in Table 5 and Fig. 2.

The first major cause is “financial and economic fac-
tor.” This finding is consistent with the previous studies
conducted by Abdulrahman et al. (2014), Agrawal et al.
(2016), Kumar and Dixit (2018), Mangla et al. (2016),
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and Sivakumar et al. (2018). This critical factor represents
the economic aspects of RL implementation, including the
level of economic resources required to make improve-
ments to the pharmaceutical care information system.
Aspects regarding the availability of financial resources
for sorting out, collecting, and properly disposing of phar-
maceutical waste were also surveyed and presented in
Table 1. Considering the public environment of the PCP
cycle, in which resources are scarce, this can be a major
inhibitor, making it difficult to implement pharmaceutical
RL. Despite the fact that there is a clear public policy for
the distribution of resources in more than 5000 munici-
palities in Brazil, the funding of PCP is mainly directed
towards forward logistics instead of RL. Moreover, unfor-
tunately, public health management has been impacted by
corruption and bureaucracy in Brazil. Apart from this lo-
cal contextual description, in a study by Chauhan et al.

(2018), the lack of funds was considered to exert the
greatest influence in RL in the waste disposal industry.
Furthermore, economic barriers were also described in
Kaviani et al. (2020) as being of great importance.

The second major cause is the “management factor.”
This critical factor represents the management collabora-
tion with the RL initiative and activities, technical knowl-
edge of the management in motivating and leading the
employees in this initiative, and the ability and familiarity
of the management with capacity building and training.
The number of employees to perform the PCP direct flow
is already limited, and the RL flow might be the target of
outsourcing strategies. This finding is consistent with
Prakash and Barua (2016), which found a lack of man-
agement coordination and collaboration as the most im-
portant barriers. It is also consistent with Abdulrahman
et al. (2014), which found the lack of RL management

Table 4 Mean values of the
normalized direct influence
matrix D

Factors MF CF ITF IF PF FEF EOL-
MP

LPF

MF 0 0.1293 0.0738 0.0920 0.0710 0.0882 0.1559 0.1703

CF 0.1065 0 0.0791 0.0441 0.0520 0.0646 0.1521 0.1384

ITF 0.0837 0.0973 0 0.0586 0.0849 0.0882 0.1247 0.1338

IF 0.1156 0.1110 0.0555 0 0.0355 0.0555 0.1247 0.1247

PF 0.1384 0.1285 0.1004 0.1331 0 0.1148 0.1475 0.1240

FEF 0.1612 0.0837 0.1065 0.1658 0.0862 0 0.1521 0.1521

EOL-MP 0.0875 0.0875 0.0738 0.1057 0.0646 0.1110 0 0.1110

LPF 0.0821 0.0601 0.1019 0.1011 0.0697 0.1156 0.1430 0

MFmanagement factor, CF, collaboration factor, ITF information technology factor, IF infrastructure factor, PF
policy factor, FEF financial and economic factor, EOL-MP end-of-life management practices, LPF logistic
performance factor

Table 5 Total relation matrix T
Factors MF CF ITF IF PF FEF EOL-

MP
LPF

MF 0.2615 0.3525 0.2787 0.3284 0.2335 0.3109 0.4750 0.4709

CF 0.3124 0.1974 0.2480 0.2469 0.1902 0.2537 0.4151 0.3912

ITF 0.3088 0.2987 0.1860 0.2726 0.2270 0.2845 0.4099 0.4036

IF 0.3139 0.2926 0.2214 0.1951 0.1700 0.2378 0.3846 0.3726

PF 0.4219 0.3874 0.3284 0.3963 0.1898 0.3623 0.5141 0.4785

FEF 0.4442 0.3547 0.3367 0.4285 0.2719 0.2636 0.5234 0.5073

EOL-MP 0.3046 0.2828 0.2464 0.3045 0.2026 0.2933 0.2873 0.3746

LPF 0.3099 0.2694 0.2781 0.3111 0.2143 0.3070 0.4250 0.2865

Relations with a threshold θ greater than 0.4083 are shown in italic

MFmanagement factor, CF, collaboration factor, ITF information technology factor, IF infrastructure factor, PF
policy factor, FEF financial and economic factor, EOL-MP end-of-life management practices, LPF logistic
performance factor
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expertise and commitment most impactful, and Agrawal
et al. (2016), which found the top management awareness
plays an important role in the implementation of RL.

The third major cause is the “policy factor.” This
critical factor represents government policies, laws, and
legislation on public health waste management, as well
as the supervision of waste management practices by
the municipal bodies. This finding is consistent with

the studies by Kumar and Dixit (2018), Mangla et al.
(2016), Sirisawat and Kiatcharoenpol (2018), and
Abdulrahman et al. (2014), which revealed policy and
regulatory barriers as the most important barriers to the
implementation waste in electrical and electronic equip-
ment management. The difficulties in implementing the
sectoral agreement on pharmaceutical RL illustrate the
importance of this barrier.

Table 6 Degree of prominence
and net cause/effect values Factors Ri Dj Ri + Dj Ri − Dj Weight Prominence ranking Impact

MF 2.7113 2.6771 5.3885 0.0342 0.1317 4 Cause

CF 2.2549 2.4355 4.6904 − 0.1805 0.1147 6 Effect

ITF 2.3910 2.1238 4.5147 0.2672 0.1104 8 Cause

IF 2.1879 2.4834 4.6713 − 0.2955 0.1142 7 Effect

PF 3.0788 1.6993 4.7780 1.3795 0.1168 5 Cause

FEF 3.1303 2.3130 5.4432 0.8173 0.1331 3 Cause

EOL-MP 2.2962 3.4345 5.7307 − 1.1383 0.1401 1 Effect

LPF 2.4013 3.2852 5.6865 − 0.8839 0.1390 2 Effect

40.9033 Threshold value = 0.4083

MFmanagement factor, CF, collaboration factor, ITF information technology factor, IF infrastructure factor, PF
policy factor, FEF financial and economic factor, EOL-MP end-of-life management practices, LPF logistic
performance factor

Fig. 2 Digraph for the causal relationship among factors. MF,
management factor; CF, collaboration factor; ITF, information
technology factor; IF, infrastructure factor; PF, policy factor; FEF,

financial and economic factor; EOL-MP, end-of-life management prac-
tices; LPF, logistic performance factor
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The fourth major cause is “information and technolog-
ical factor.” This factor represents the information sys-
tems used in the pharmaceutical care for daily activities
such as dispensing, relocation, registration of expired
drugs, or registration of expired drugs delivered by pa-
tients in the public health system. This finding is consis-
tent with the studies conducted by Kumar and Dixit
(2018) and Sivakumar et al. (2018), which found the tech-
nological factors as one of the main causes of RL
implementation.

Our study found two major effects. The first major
effect is “EOL-MP.” This effect represents the daily ac-
tions of professionals in “sorting waste, monitoring the
expiry date of drugs” and “stock supplies” and “the prac-
tices related to third parties hired to collect and properly
dispose of the waste generated within the pharmaceutical
health process.” The second major effect was the critical
factor connected with logistic performance. This effect
represents elements related to drug dispensation to the
public health patients, drug relocation, when there are
cases of excess in health facilities, inventory control,
amount of expired medicines, and order delivery times
are considered for this critical factor. As the RL has not
been structured yet and, considering the current forward
logistics, an entirely new group of management practices
(EOL-MP) and logistic performance factors (LPF) would
be necessary. The collaboration factor (CF), including in-
formation exchange and sharing, reliability, and coopera-
tion among the parties involved, are frequently associated
with ITF, as demonstrated by Paula et al. (2019), but was
not revealed similarly in this study. The last major effect
was infrastructure (IF). Considering the overall rankings
presented in Table 6, CF > IF > ITF are the bottom-
ranked factors.

Practical implications

The Brazilian case of pharmaceutical waste is extraordi-
nary because of the availability of medicine through the
public PCP network, a large number of pharmacies and
drugstores, judicialization of healthcare, and self-medica-
tion. Despite these forms of access to medications, only
local return programs run by private companies or insti-
tutions, called voluntary delivery points, are available to
the public without a nationwide return program (Gracia-
Vásquez et al. 2014; Pereira et al. 2012; Thach et al.
2013). In addition, there is a lack of awareness among
the population and professionals about the impact of med-
ication on the environment when disposed of incorrectly
(Glassmeyer et al. 2009; Saravanan and Manoj 2016;
Vellinga et al. 2014).

Bouzon et al. (2018) have performed an evaluation of
t h e i n t e r r e l a t i o n sh i p b e tween t h e ba r r i e r s o f

implementation of RL considering three perspectives: gov-
ernmental, organizational, and consumer. Using the grey-
DEMATEL, the authors evaluated a set of 20 barriers and
revealed that the stakeholders mentioned most of the main
barriers. They have mentioned 10 of the 13 main barriers to
the implementation of RL.

This research was developed in the medication dispens-
ing sector of the public health network. The grey-
DEMATEL method a l lowed the iden t i f i c a t ion /
prioritization of the factors considered to be the primary
barriers to the implementation of RL in the public health
sector. Our study presents important findings for man-
agers, especially for pharmaceutical assistance coordina-
tion. Despite the fact this type of investigation is rarely
conducted in the public health sector, the contribution of
this study is specific to a sector not studied by Bouzon
et al. (2018). It is important to mention that although inter-
viewees were evaluating the interdependencies among the
factors, each subfactor was clearly explained at the time of
the interview to ensure the interviewees are completely
familiar with the factors presented in Table 1.

Recently, the federal decree number 10,388 was ap-
proved in June 2020, regulating the environmentally ac-
ceptable disposal of drugs and packaging in the entire
production and consumption chain (Brazil 2020). In this
context, the RL of EOU/EOL medication policy should
gain public support and put pressure on the PCP network
management. These facts are synergic with the former
concerns of health professionals about the relationship
between the EOU/EOL medicine and the environment
and the recent pandemic crisis worldwide. This is espe-
cially important in Brazil since health residues become
potentially propagators source of virus transmission.

Another issue that is also related to drugs provided by
the public health system is that the major concern is often
with drug dispensation only. Pharmacists are often aware
of the impact of drugs on the environment, but there is no
structure in place for drug collection to become a reality.
As a result, from the perspective of the interviewed public
health sector experts, findings of this research may help
managers to understand the critical factors that need to be
addressed before RL implementation throughout the phar-
maceutical health process.

Practicing managers should take into consideration the
barriers identified in this study to create alternatives to
bypass the financial and economic policies and manage-
ment causes. Possible outsourcing of PCP RL is an exam-
ple of a mitigating strategy. Nevertheless, the third party
should be selected carefully, considering its ability to ef-
ficiently and effectively collect unwanted medicine. An
adequate information technology infrastructure and per-
formance indicators are prerequisites to the successful
RL implementation in the PCP.
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Concluding remarks

This study was conducted with the PCP cycle in the city
of Porto Alegre, Brazil. The study used a grey-
DEMATEL approach to consider a group of eight factors
and identify the factors critical to the RL implementation
in the PCP. The contribution of this study is twofold: (1)
the results suggest how the PCP public health sector,
which plays an important role in the Brazilian health sys-
tem, can efficiently and effectively address and eliminate
these critical factors to the successful implementation of
RL in the PCP and (2) we have identified and prioritized
the critical factors to RL implementation in the PCP by
considering each step of the SPASDD cycle. Therefore,
the municipal PCP coordinator may use this knowledge to
formulate strategies and articulate actions to eliminate
these barriers.

The scope of this investigation is limited to the under-
standing of the critical factors hindering RL implementa-
tion from the perspective of the public health sector ex-
perts. Encouraged by the growth of the pharmaceutical
industry and the excessive drug consumption worldwide,
future endeavors may include studying the problem from
within the pharmaceutical industry, which supplies the
PCP with medicines in a broader scope of the pharmaceu-
tical supply chain. Other critical factors may arise from
the complex relationship between the pharmaceutical in-
dustry and the government agencies in charge of public
health. Subsequently, it is important to confirm the results
by means of an analysis of the critical factors equipped

with statistical validation empowered by structural equa-
tion modeling.
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Appendix A

Appendix B

Fig. 3 Portfolio of 78 papers related to the implementation of RL in different sectors—distribution of papers per year of analysis

Table 7 Critical factors and their
attributes Factors Description of critical factors

Management factor (MF) • Number of employees to perform RL activities

• Expertise and technical knowledge

• Employees’ motivation

• Capacity building and/or training for performing RL activities

• Managers’ awareness about pharmaceutical RL

Collaboration factor (CF) • Information exchange and sharing

• Reliability in information exchange

• Cooperation to perform RL activities

• Collaboration between the parties involved

Information technology factor
(ITF)

• IT system for dispensing

• IT system for relocating

• IT system for registering expired drugs

• IT system for registering medications delivered to the population treated
by the public health system

Infrastructure factor (IF) • Physical structure to receive relocated drugs

• Physical structure to receive expired drugs and supplies

• Physical structure to store expired drugs

• Physical structure to store drugs still underuse condition returned by
patients

• Drug transportation from one unit to another

Policy factor (PF) • Laws/legislation for RL of medicines and supplies produced by the mu-
nicipality

• Failures in public sector waste management law and regulations
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Appendix C

Table 8 Critical factors relationship matrix

Matrix of
relationships

1 2 3 4 5 6 7 8

Management
factor (MF)

Collaboration
factor (CF)

Information
technology
factor (ITF)

Infrastructure
factor (IF)

Politic factor
(PF)

Financial and
economic
factor (FEF)

End-of-life
management
practices (EOL-
MP)

Logistic
performance
factor (LPF)

0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4 0 1 2 3 4

1 MF –

2 CF –

3 ITF –

4 IF –

5 PF –

6 FEF –

7 EOL-MP –

8 LPF –

Table 7 (continued)
Factors Description of critical factors

• Inspection of RL practices

• Economic policies for reducing RL implementation costs in the public
sector

Financial and economic factor
(FEF)

• Financial resource to improve the information system

• Financial resource for waste sorting practices

• Financial resource for waste collection

• Financial resource for waste storage, handling, and transportation

• Financial resource for disposal of medications and waste

End-of-life management
practices (EOL-MP)

• Waste sorting practices

• Monitoring of the expiry date of medicines and stock supplies

• Monitoring of expired medications and supplies

• Collection of medications delivered by the population

• Third parties that collect pharmaceutical and supply waste generated in
healthcare facilities

• Third parties that properly dispose of drugs and supplies

Performance logistic factor (LPF) • Dispensing of drugs and supplies to patients

• Relocation of excess drugs

• Inventory control

• Control of drugs about to expire

• Control of the number of expired medicines in one’s own stock

• Order delivery times
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