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Abstract: Remanufacturing medical devices has become a key strategy for 

improving resource efficiency, lowering healthcare costs, and promoting a 

circular economy. Despite this, the integration of remanufactured medical 

devices into healthcare systems faces obstacles, primarily due to stakeholder 

acceptance issues. This study aims to create and validate a structural model that 

explains the factors influencing the adoption of remanufactured diagnostic 

radiology medical devices in Thailand. The model being studied includes 

several factors, such as economic considerations, cost, environmental policy, 

environmental friendliness, attitude, social influence, facilitating conditions, 

regulatory aspects, quality, and information. Data were collected from a group 

of 400 experts and professionals involved in medical device management and 

then analyzed using Structural Equation Modeling (Partial Least Squares 

Structural Equation Modeling: PLS-SEM). The findings reveal that the majority 

of the examined factors—including attitude, cost considerations, economic 

influences, governmental policy, environmental sustainability, social influence, 

quality, and information availability—exhibited statistically significant 

correlations with the adoption of medical devices. Conversely, the impact of 

enabling conditions and regulatory elements was found to be negligible. The 

model demonstrated a substantial capacity to elucidate the data, explaining 

69.5% of the observed variance in adoption behavior (R² = 0.695).  This study 

contributes to the existing body of knowledge by offering empirical evidence 

regarding the key determinants that shape the adoption of remanufacturing 

practices in the medical device sector. Furthermore, the findings provide 

actionable and policy-relevant recommendations for stakeholders, including 

policymakers, manufacturers, and healthcare administrators, thus supporting 

the enduring incorporation of remanufactured medical devices within 

Thailand's healthcare system. 
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1. Introduction 
The medical device industry is one of the high-potential New S-Curve 

industries that the Thai government has continuously promoted to enhance 

competitiveness and position Thailand as an international Medical Hub [1]. This 

policy direction aligns with the growth of the global health economy, which is 

projected to reach approximately USD 9.8 trillion by 2029 [2]. In addition, the 

global diagnostic imaging equipment market continues to expand and is 

expected to reach approximately USD 48.8 billion by Yardi [3]. 
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As the demand for medical devices continues to increase, particularly for high-cost diagnostic 

radiology equipment such as X-ray, CT, and MRI systems, alternative management approaches have been 

increasingly considered. One important option is remanufacturing, a process that restores used products to 

performance levels equivalent to those of new equipment, with comparable warranty conditions. Previous 

research [4-5] shows that this method can effectively lower production costs and reduce waste. At the same 

time, it can also improve fair access to healthcare services. 

Conversely, Thailand's regulatory environment currently lacks a defined structure to facilitate the 

trade and utilization of remanufactured medical devices. Consequently, manufacturers are precluded from 

commercializing these devices, and healthcare providers are denied access to costly equipment at reduced 

prices. This constraint endures notwithstanding the capacity of Thai manufacturers to remanufacture medical 

devices in adherence to established safety and performance benchmarks. Furthermore, the absence of such 

regulatory backing contributes to the disposal of end-of-life or degraded medical devices as electronic waste 

(e-waste), thereby engendering environmental consequences and resulting in the forfeiture of valuable 

resources [6]. 

The Radiological Society of Thailand divides radiological equipment in Thailand into three categories: 

nuclear medicine, radiation oncology, and diagnostic radiology. Only diagnostic radiology equipment is the 

subject of this study. (1) X-ray-based imaging modalities, such as General X-ray, Dental X-ray, Mammography, 

Digital Subtraction Angiography, Computed Tomography, and Fluoroscopy X-ray Machine; and (2 )  non-X-

ray modalities, such as Diagnostic Ultrasound Machine and Magnetic Resonance Imaging Machine systems. 

At the same time, the International Electrotechnical Commission (IEC) published IEC 63077, which 

offers guidelines for best practices in the refurbishment of medical imaging equipment [7]. In addition, several 

countries have developed regulations to support the standardized use of remanufactured medical devices. 

These strategies facilitate enhanced access to medical technologies at reduced costs, especially within resource-

constrained environments. Consequently, Thailand must cultivate a systematic understanding and 

endorsement of this methodology by encouraging the utilization of remanufactured medical devices. The 

diffusion of innovation theory, as articulated by Everett Rogers (1995) [8], provides a useful lens for 

understanding how innovations are adopted and the factors that shape the acceptance of novel technologies. 

This theoretical framework allows for the study of user behavior, which then helps in creating effective 

information-sharing strategies. 

The structured application of remanufacturing within the medical equipment sector offers 

multifaceted advantages, encompassing cost reductions [9], improved healthcare accessibility [10], expanded 

access to sophisticated technologies [11], and diminished environmental footprints. In addition, this approach 

aligns with the Circular Economy framework and the BCG (Bio-Circular-Green Economy) model [12], both of 

which emphasize long-term economic, environmental, and social sustainability [13]. Consequently, a 

comprehensive investigation into the determinants that promote the remanufacturing of diagnostic radiology 

medical devices within Thailand is warranted. 

2. Literature Review 
The investigation, "Factors Promoting the Remanufacturing of Diagnostic Radiology Medical Devices 

in Thailand," necessitates a theoretical framework to elucidate the individual decision-making processes at 

play. This entails a comprehensive examination of pertinent concepts, established theories, and prior research, 

culminating in a synthesis of these viewpoints to pinpoint the determinants that facilitate the remanufacturing 

of diagnostic radiology medical devices within the Thai context. 

2.1 Diagnostic radiology equipment 

The Ministry of Public Health has defined 26 radiological instruments or devices [14], and the 

Radiological Society of Thailand has classified the field of radiology into three specialties: diagnostic 

radiology, radiation therapy (and oncology), and nuclear medicine [15]. 

Diagnostic radiology devices are crucial for creating images of internal organs. These images are then 

used for examinations, treatments, and diagnoses, including the screening of diseases. The devices in question 

encompass a range of X-ray technologies, including the General X-ray Machine, the Dental X-ray Machine, X-
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ray Mammography, Angiography (also known as Digital Subtraction Angiography), the Computed 

Tomography (CT) Machine, and the Fluoroscopy X-ray Machine. In addition, there are non–X-ray-based 

devices, including the Diagnostic Ultrasound Machine and the Magnetic Resonance Imaging (MRI) Machine. 

According to Market.us Media (Yardi, 2025), the global market for medical imaging equipment is 

steadily growing, with a projected value of about USD 48.8 billion by Yardi [3]. 

The COVID-19 pandemic significantly disrupted global healthcare supply chains, mainly because of 

a shortage of medical equipment. Hospitals faced increased demand for medical devices, and certain types of 

equipment, which have a modular design and high material costs, are particularly well-suited for remanufacturing 

[16]. 

2.1.1 Remanufacturing 

Remanufacturing is an industrial process in which used equipment is restored to a level of 

performance and safety standards at least equivalent to those specified by the original manufacturer, from 

both consumer and regulatory perspectives. The resulting product must be capable of performing its intended 

original function and be supported by professional warranty coverage and after-sales services that are no less 

comprehensive than those provided for a comparable new product [5]. Remanufacturing of medical devices 

offers benefits to customers, the environment, and manufacturers [17]. The remanufacturing of medical 

devices demands strict compliance with quality management systems and safety protocols, ensuring that 

refurbished equipment meets the performance and safety benchmarks established by medical guidelines. 

Globally, regulatory agencies have established relevant frameworks and regulations. For instance, the 

European Union Medical Device Regulation (EU MDR) 2017/745 mandates that any modifications or 

refurbishments of medical devices undergo conformity assessment, risk management, and product 

traceability procedures before being released into the European market [18]. The U.S. Food and Drug 

Administration (FDA) requires that any remanufacturing of medical devices, which could affect their safety 

or how they work, must follow the manufacturer's guidelines. These guidelines are detailed in the Quality 

System Regulation, specifically 21 CFR Part 820 [19]. Moreover, technical standards, such as those outlined in 

IEC 63077, guide the refurbishment of medical imaging equipment, thus facilitating the secure reintegration 

of refurbished devices into clinical environments and their adherence to global standards [7]. In the context of 

adopting new ideas or technologies in organizations, Rogers' Diffusion of Innovation theory offers a useful 

explanation. This theory suggests that several factors influence how innovations are adopted [20-21]. 

2.1.2 Rogers Theory on Diffusion of Innovation 

Rogers developed this model to explain the process of innovation diffusion. Diffusion of innovation 

refers to how a new idea spreads through specific channels to the members of a social system over time. In 

other words, it is the process through which an innovation spreads from its source of discovery or creation to 

users or adopters, occurring at the societal level as a group-based process [8]. This process comprises four key 

elements: the innovation itself, communication through specific channels, acceptance by members of the social 

system, and the consideration of time. One important factor in the diffusion process is time. In this context, 

time refers to the period during which an innovation can fully persuade potential adopters until they decide 

whether to accept or reject the innovation. The innovation-decision process is a linear cognitive process 

consisting of five stages that individuals (or other decision-making units) undergo: Knowledge, Persuasion, 

Decision, Implementation, and Confirmation. The adoption of medical technology can be explained through 

the integration of innovation and technology acceptance frameworks. Previous studies have combined Rogers' 

Diffusion of Innovation theory with the Technology Acceptance Model (TAM) to examine the factors that 

influence the adoption of healthcare technologies in medical organizations. These studies found that perceived 

usefulness and perceived ease of use from TAM, together with innovation attributes from Rogers’ framework, 

effectively explain healthcare professionals’ intention to use new technologies. This integrated approach 

improves understanding of how new technologies are introduced into healthcare systems [22]. 

2.1.3 Technology Acceptance Model (TAM) 

The Technology Acceptance Model (TAM) proposed by Fred Davis [23] was developed in the context 

of information technology system adoption. The model considers external variables that influence individual 
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perceptions differently, which in turn affect two key constructs: perceived usefulness, which reflects the extent 

to which information technology enhances performance, and perceived ease of use, which indicates the degree 

of effort required to use the technology. These two variables influence attitude toward using, which reflects 

behavioral intention (intention of use) and ultimately leads to actual use. The Technology Acceptance Model 

(TAM) provides a framework for understanding the adoption of remanufactured goods, positing that the 

decision to utilize novel technologies or products hinges on their perceived utility and ease of use. Research 

investigating remanufactured products has employed TAM to assess the determinants of consumer purchase 

intentions. The results of these studies demonstrate that attitude, perceived usefulness, product knowledge, 

and perceived risk exert a significant influence on the intention to purchase remanufactured products. These 

factors are crucial for the success of the circular economy and the adoption of remanufacturing practices in 

industry [24]. 

2.2 Conceptual Model 

This study proposes factors for promoting the remanufacturing of diagnostic radiology medical 

devices in Thailand. The expected benefit is to identify key determinants that support the advancement of 

remanufacturing practices for diagnostic radiology medical devices in the country. Based on the literature 

review, six groups comprising ten factors were identified. The economic factors include economic 

considerations and cost. The environmental factors consist of government policy and environmental 

friendliness. Human factors include attitudes and social influence. Resource factors, on the other hand, involve 

the physical conditions of the environment. The standard factors include regulations and laws. The technology 

factors consist of quality and information. The findings of this study are expected to reflect trends and 

determinants influencing the promotion of remanufacturing for diagnostic radiology medical devices in 

Thailand. These insights can be used to support policy creation and encourage the long-term growth of the 

medical device industry. 

Hypotheses Development  

The hypotheses in this study were developed based on the concept of promoting the remanufacturing 

of diagnostic radiology medical devices in Thailand. If Thailand aims to advance remanufacturing in this 

sector, it is necessary to consider the relevant influencing factors. The proposed model is shown in Fig. 1. 

 
Figure 1. Research Proposed Model 

2.2.1 Economic Factors 

2.2.1.1 Economic 

Remanufacturing presents an economic approach capable of potentially lowering healthcare 

system costs by restoring products to performance levels comparable to new equipment, albeit at a lower 
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expense. This approach offers healthcare professionals access to sophisticated technologies, even amidst 

resource constraints [5]. Furthermore, studies indicate that the implementation of a remanufacturing system 

can yield enduring financial advantages, contingent upon the application of appropriate cost models and 

operational methodologies [25]. Incorporating design-for-remanufacturing principles early in the product 

development process can also enhance competitiveness, boost revenue, and decrease dependence on imports 

[26]. Furthermore, the implementation of appropriate pricing and quality strategies facilitates the equilibrium 

of costs and demand. Consequently, remanufactured products can consistently satisfy market requirements, 

concurrently accounting for the financial constraints inherent within healthcare systems [27]. 

H1a: Economic factors affect radiology remanufacturing 

2.2.1.2. Cost 

 Economic factors are crucial in encouraging the remanufacturing of diagnostic radiology 

medical devices; specifically, the remanufacturing process can substantially lower overall expenses relative to 

acquiring new equipment, potentially yielding cost reductions of 20–50% [28]. Furthermore, the cost structure 

inherent in remanufacturing reflects effective cost management throughout the entire supply chain, thereby 

resulting in lower unit production costs compared to new manufacturing and enhancing long-term economic 

value [27]. From a market standpoint, these cost advantages are also manifested in reduced selling prices, 

which are significant for user and purchaser acceptance. Studies of consumer behavior suggest that knowledge 

and awareness of the lower cost associated with remanufactured products directly impact adoption decisions, 

as they augment perceived value when compared to new products [29]. 

H1b: Cost affects radiology remanufacturing 

2.2.2 Environment Factor  

2.2.2.1 Government Policy 

Promoting remanufacturing in diagnostic radiology medical devices is consistent with 

Thailand's 20-Year National Strategy (2018–2037) for sustainable development, which prioritizes 

environmentally conscious growth. The strategy emphasizes reducing waste, using resources efficiently, and 

the Bio-Circular-Green (BCG) economic model, all of which are essential for a circular economy. The aim, 

through the integration of these strategic frameworks, is to optimize resource utilization. This approach seeks 

to lessen the need for new materials and, crucially, to reduce environmental impact throughout a product's 

entire lifecycle. In the medical device sector, remanufacturing serves as a practical tool for environmental 

policy implementation. This is accomplished by extending the operational lifespan of existing equipment, 

thereby decreasing the need for both raw materials and energy, and consequently, reducing greenhouse gas 

emissions when compared to the production of new devices. This approach aligns with the principles of a 

circular economy, which aims to keep resources' value within the economy for as long as possible. 

Furthermore, sustainability studies have demonstrated that remanufacturing can substantially mitigate 

resource consumption and environmental consequences [29]. 

H2a: Government policy affects radiology remanufacturing 

2.2.2.2 Environmental friendliness 

The perceived environmental advantages of remanufactured goods, including diminished 

natural resource consumption, reduced energy requirements, and a decrease in both waste production and 

pollutant emissions, significantly influence stakeholder attitudes and actions. Remanufacturing contributes to 

the preservation of resource value across a product's lifespan and mitigates environmental consequences 

relative to new manufacturing processes, thereby supporting sustainability objectives and social responsibility 

initiatives. Furthermore, the belief that selecting remanufactured goods aids environmental preservation can 

bolster ethical considerations and foster acceptance within organizations and society as a whole. 

Consequently, environmental sustainability serves as a crucial element in promoting the proliferation of 

remanufacturing within healthcare and industrial domains, especially in environments where policy and 

societal norms prioritize sustainable development [29]. 
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H2b: Environmental friendliness affects radiology remanufacturing 

2.2.3 Social Equity Factor 

2.2.3.1 Facility Condition  

In developing countries, the ability to remanufacture medical devices is significantly 

influenced by factors related to the facilities. Research indicates that the availability of infrastructure—such as 

operational space, electrical systems, utilities, laboratories, testing equipment, as well as maintenance and 

spare parts support systems—is essential for the sustainable use of medical devices [30]. When suitable 

facilities are lacking, the continuous operation of medical devices is often hindered, even if the equipment has 

already been purchased. At the same time, studies on adaptive remanufacturing frameworks suggest that 

flexible facility systems capable of accommodating variations in returned equipment—such as areas for 

sorting, disassembly, inspection, and performance testing—can improve the efficiency of remanufacturing 

processes and reduce operational constraints [20]. In addition, the development of local facilities supports 

technical service systems and spare parts management, reducing dependence on international supply chains 

and enhancing continuous availability of medical devices within healthcare systems [5]. 

H3a: Facility Condition affects radiology remanufacturing 

2.2.3.2 Social Influence 

 Social influence significantly affects the adoption and growth of remanufacturing, especially 

in organizations and industries that deal with complex products. The most important thing is to be confident 

in the quality and safety of the products. The importance and integration of remanufacturing in product 

development depend on the perspectives, feelings, and adherence to social norms of different organizational 

stakeholders. The people involved include executives, engineers, designers, sales teams, and regulatory staff. 

When remanufacturing is viewed as a secondary activity or simply an operational choice, organizations may 

struggle to gain the social and strategic support needed for long-term progress. Conversely, developing a 

shared understanding, recognizing its strategic importance, and promoting a positive view of remanufactured 

products—both inside and outside the organization—can build confidence, reduce biases related to quality, 

and encourage wider acceptance. Therefore, social influence is an important external factor that determines 

how well medical device remanufacturing is accepted and its overall success [26]. 

H3b: Social influence affects radiology remanufacturing 

2.2.4 Human Factor: Attitude  

Healthcare professionals, including doctors, biomedical engineers, and healthcare administrators, 

significantly influence how remanufactured medical devices are used and integrated into practice. Negative 

perceptions or misconceptions regarding the quality, safety, and reliability of refurbished equipment often 

pose substantial barriers to their successful deployment. Some people might avoid using these devices, or they 

might decide they are not working before they actually are, even if they meet the required operational 

standards. This can lead to wasting resources and making the healthcare system less effective. Conversely, a 

more comprehensive understanding of systematic remanufacturing methods, including quality standards, 

safety certifications, and warranty provisions similar to those of new equipment, could positively influence 

user perceptions and build trust in remanufactured medical devices. Consequently, attitudinal considerations 

emerge as pivotal determinants of acceptance rates and the efficacy of initiatives aimed at advancing medical 

device remanufacturing, especially within the context of developing nations, such as Thailand [5], [30]. 

H4: Attitude affects radiology remanufacturing 

2.2.5 Standard Factor: Regulation/Law 

Regulatory and legal factors play a critical role in initiating and promoting the remanufacturing of 

medical devices, as these products are directly related to patient safety and must comply with stringent 

regulatory standards. The lack of clear legal definitions for remanufacturing, as well as weak or insufficient 

regulatory frameworks, constitutes a major barrier to building confidence in the quality and safety of 

remanufactured products [5]. In many contexts, the absence of clear standards and certification mechanisms 
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leads to remanufacturing being perceived as legally risky, causing both manufacturers and users to avoid 

adoption. Literature concerning the development of remanufacturing systems suggests that well-defined legal 

and regulatory structures, including the equal legal standing of remanufacturers and manufacturers, the 

enforcement of quality management protocols, and the implementation of post-market surveillance, function 

as facilitators. These frameworks mitigate uncertainty and thereby influence investment choices within 

remanufacturing systems [24]. Furthermore, bolstering healthcare technology governance, encompassing 

health technology assessments and systematic medical device management, can improve the secure and 

sustainable selection, acquisition, and application of remanufactured medical devices [21]. Consequently, 

regulatory and legal considerations are crucial for the advancement of medical device remanufacturing, 

especially concerning diagnostic radiology equipment, which necessitates stringent safety and reliability standards. 

H5: Regulation/Law affecting radiology remanufacturing 

2.2.6 Technology Factor  

2.2.6.1 Quality  

Quality attributes are essential determinants of acceptance and trust in remanufactured 

medical devices, especially diagnostic radiology equipment, which is directly linked to patient safety and the 

precision of diagnoses. Studies suggest that the perceived quality of remanufactured products is a significant 

concern, given that certain users often perceive these products as inferior to new equipment, even when they 

have been subjected to inspection, testing, and certification processes adhering to identical standards [29]. 

Conversely, remanufacturing processes that adhere to explicit engineering standards, incorporate systematic 

technical performance evaluations, and offer warranty provisions on par with or similar to those of new items 

can mitigate quality-related uncertainties and bolster user trust [28]. Furthermore, design-for-remanufacturing 

methodologies emphasize that the incorporation of quality-focused elements during the product design 

phase—encompassing aspects like disassembly facilitation, component interchangeability, and repeated 

testing—is crucial for sustaining quality throughout successive life cycles and cultivating a favorable, 

enduring perception of remanufactured goods [26]. 

H6a: Quality affects radiology remanufacturing 

2.2.6.2 Information 

Information-related factors are crucial for the acceptance of remanufactured products. Having 

and clearly presenting information—like details about the core's condition, its usage and maintenance history, 

technical specifications, and quality data—is essential. This approach helps reduce uncertainty, which then 

allows for better planning in remanufacturing [21]. In contrast, a lack of complete or reliable information often 

leads to risks related to costs, quality, and operational schedules. From both the user's and the market's 

perspective, providing clear information about the quality, cost savings, and environmental benefits of 

remanufactured products can reduce perceived risk and create a positive understanding. This, in turn, helps 

with decision-making and encourages the use of remanufactured products [29]. Therefore, information factors 

are a key link between operational efficiency and market acceptance of medical device remanufacturing, 

particularly for diagnostic radiology equipment, which requires reliable data and a high level of trust. 

H6b: Information affects radiology remanufacturing 

Hypotheses H1 through H6 represent different factors that affect how technology is adopted. These 

factors include Economic (ECO), Cost (C), Government Policy(GP),  Environmental Friendliness (ENV), Facility 

Condition (FC), Social Influence (SI), Attitude (AT), Regulation/Law (R), Quality (Q), and Information (I). These 

factors are important in shaping an organization's decisions about adopting and using new technologies. 

2.4 Materials and Methods 

2.4.1 Research Context 

The study, titled "Driving Factors of Remanufacturing Adoption for Diagnostic Radiology Medical 

Devices in Thailand," included a diverse group of participants. These included medical professionals such as 

radiologists, radiologic technologists, and biomedical engineers, alongside hospital administrators from both 
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public and private institutions. Furthermore, the study incorporated representatives from companies engaged 

in the manufacturing, distribution, and servicing of diagnostic radiology medical devices, as well as regulatory 

bodies like the Food and Drug Administration. Finally, biomedical engineering researchers and academics 

were also included. The primary objective was to investigate the factors that facilitate the remanufacturing of 

diagnostic radiology medical devices within the Thai context, considering various dimensions of the issue. 

Furthermore, the findings of this study can be utilized to support the diagnostic radiology medical 

device industry in Thailand, as well as related industries, by providing insights for promoting remanufacturing 

practices and facilitating sustainable industrial development. 

2.4.2 Data Collection 

A total of 400 respondents participated in the survey [31]. The sample size was determined based on 

the target population that is relevant to the study. The population includes healthcare professionals 

(radiologists, radiologic technologists, and biomedical engineers), hospital administrators, manufacturers, 

distributors, and service providers of diagnostic radiology medical devices, and regulatory authorities such 

as the Food and Drug Administration (FDA) and the Thai Industrial Standards Institute (TISI). According to 

the Healthcare Accreditation Institute (Public Organization), there are 1,491 public and private hospitals in 

Thailand. The Thailand Center of Excellence for Life Sciences (Public Organization) reported that 933 

companies are engaged in the production, distribution, and maintenance of medical devices. Together with 

two relevant regulatory agencies, the total number of organizations associated with the study was estimated 

at 2,426. Assuming an average of 15 relevant personnel per organization, the total target population was 

estimated to be 36,390 individuals. The sample size was calculated using Yamane’s formula [31] with a 95% 

confidence level and a margin of error of 5%, resulting in a minimum required sample size of 400 respondents. 

Data were collected through a convenience sampling technique. Questionnaires were distributed to available 

and willing eligible participants to participate in the study until the required sample size was reached.  The 

inclusion of participants from multiple organizational roles enabled a comprehensive reflection of factors 

promoting the remanufacturing of diagnostic radiology medical devices in Thailand. The questionnaire was 

structured around six main constructs comprising ten factors: economic, cost, government policy, 

environmental friendliness, attitude, social influence, facility condition, regulation/law, quality, and 

information. The Ethics Review Board of Rangsit University granted ethical approval for this research 

(Certificate No. RSU-ERB2026/020.2001). Participation was voluntary, and the confidentiality of all responses 

was maintained throughout the study. 

2.4.3 Measurement Validity and Reliability 

The analysis showed that the constructs were internally consistent. The Cronbach's alpha values, 

ranging from 0.815 to 0.924, were above the recommended threshold [32]. To assess convergent and 

discriminant validity, Measurement Model Assessment was used. The Average Variance Extracted (AVE) was 

used to evaluate convergent validity, while the Fornell–Larcker criterion and the Heterotrait–Monotrait ratio 

(HTMT) were used to assess discriminant validity [33]. Furthermore, the analysis showed no signs of 

multicollinearity. The Variance Inflation Factor (VIF) values were clearly below the acceptable threshold of 5 [34]. 

2.4.4 Data Analysis 

To evaluate the relevance of indicators and path coefficients, the study utilized SmartPLS Version 4.0.9 

with a Bootstrapping method, as recommended by Hair Jr. et al. [35]. This analysis was conducted on 5,000 

sub-samples. The relationships in the structure were tested by means of SEM using SmartPLS [36], which is 

an appropriate technique for testing complex behavioral models that include latent variables and indirect 

effects. Path coefficients, t-values, and significance levels were used to evaluate the structural paths. 
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3. Results and Discussion 

3.1 Results 

3.1.1 Demographic Data of Respondents 

The demographic data showed a fairly balanced gender distribution among the participants. 

Specifically, women made up 53.75% of the sample, while men made up 46.25%. This indicates that both 

genders were represented in the study. Regarding employment, most respondents worked in the public sector 

(51.00%), followed by those in the private sector (47.00%). A small number (2.00%) reported being self-

employed. Table 1 provides a detailed look at how technology is accepted and new methods are used in 

organizations, covering both public and private sectors. 

Table 1. Demographic Data of Respondents 

Item Demographic Information Amount % 

Gender 
Male 185 46.25 

Female 215 53.75 

Age 

18–25 years 100 25.00 

26–35 years 98 24.50 

36–45 years 70 17.50 

46-55 years 68 17.00 

56-60 years 64 16.00 

Education Level 

Diploma 20 5.00 

Bachelor 295 73.75 

Master 65 16.25 

PhD. 20 5.00 

Occupation 

Government officer 204 51.00 

Business owner 8 2.00 

Employee 188 47.00 

Job Position 

Radiologic Technologist 226 56.50 

Biomedical Engineer 74 18.50 

Engineer 16 4.00 

Managing Director 16 4.00 

Industrial Technical Officer 16 4.00 

Public Health Officer 16 4.00 

Technician 12 3.00 

Radiographer Technician 8 2.00 

Nurse Anesthetist 8 2.00 

University Lecturer 8 2.00 

3.1.2 Construct Reliability and Validity 

Cronbach’s Alpha and Composite Reliability (CR) were calculated, with values ranging from 0.815 to 

0.946, indicating a high and acceptable level of internal consistency for subsequent analysis [37]. In addition, 

the Average Variance Extracted (AVE) ranged from 0.561 to 0.853 [38], as presented in Table 2. 

Table 2. Construct Reliability and Validity 

 Cronbach's 

alpha 

Composite 

reliability (rho_a) 

Composite 

reliability (rho_c) 

Average variance 

extracted (AVE) 

AT 0.895 0.898 0.927 0.762 

C 0.902 0.931 0.927 0.719 

ECO 0.898 0.913 0.923 0.706 

ENV 0.906 0.909 0.930 0.727 

FC 0.924 0.969 0.945 0.811 

GP 0.906 0.931 0.931 0.730 

I 0.914 0.916 0.946 0.853 

Q 0.915 0.920 0.940 0.798 

R 0.924 0.938 0.946 0.814 

SI 0.815 0.827 0.864 0.561 

 



ASEAN J. Sci. Tech. Report. 2026, 29(12), 10 of 24e265191.ASEAN J. Sci. Tech. Report. 2026, 29(12), e265191. 10 of 24 
 

 

3.1.3 Fornell-Larcker Criterion  

Table 3 presents the results of the discriminant validity assessment using the Fornell–Larcker criterion. 

The square root of the Average Variance Extracted (AVE) for each construct, located on the diagonal of the 

matrix, is greater than the correlations with other constructs in the same row and column. This indicates that 

each construct is distinct, meaning it shares more variance with its own indicators than with other constructs 

in the model. Therefore, the model shows adequate discriminant validity, as determined by the Fornell and 

Larcker criterion [39]. 

Table 3. Fornell-Larcker Criterion 

 ADOPTION AT C ECO ENV FC GP I Q R SI 

ADOPTION 1.000           

AT 0.748 0.873          

C 0.583 0.570 0.848         

ECO 0.476 0.585 0.778 0.841        

ENV 0.579 0.711 0.549 0.593 0.853       

FC 0.461 0.452 0.427 0.454 0.585 0.901      

GP 0.637 0.734 0.616 0.755 0.786 0.557 0.854     

I 0.447 0.440 0.434 0.556 0.543 0.711 0.551 0.923    

Q 0.642 0.625 0.435 0.447 0.632 0.764 0.592 0.782 0.893   

R 0.469 0.432 0.313 0.431 0.429 0.673 0.551 0.737 0.817 0.902  

SI 0.419 0.562 0.509 0.555 0.593 0.756 0.614 0.763 0.660 0.601 0.749 

To evaluate the possibility of multicollinearity among the indicators, the Variance Inflation Factor 

(VIF) was analyzed. The findings reveal that VIF values for all constructs span from 1.000 to 4.730, all of which 

are below the suggested cut-off of 5.0. Consequently, these results imply that multicollinearity does not 

present a significant issue within the model. Therefore, each indicator adequately explains its corresponding 

latent construct, and the model is appropriate for subsequent structural model analysis [32]. 

3.1.4 Heterotrait-Monotrait ratio (HTMT). 
   Table 4 shows the results of the Heterotrait-Monotrait Ratio (HTMT) test for the assessment of 

discriminant validity. The HTMT values varied from 0.328 to 0.896. The results indicated that most of the 

HTMT values were below the recommended cut-off of 0.85. However, five pairings of constructs, GP–ENV 

(0.858), Q–I (0.855), SI–FC (0.896), SI–I (0.859), and R–Q (0.888), were above this level. These findings may 

imply possible issues of discriminant validity among these construct dyads. However, all the HTMT values 

were below the more liberal threshold of 0.90, which suggests that the measuring model presents an acceptable 

level of discriminant validity in general, although caution should be taken when interpreting the correlations 

between these specific constructs. 

Table 4. Heterotrait-Monotrait ratio (HTMT). 

ADOPTION AT C ECO ENV FC GP I Q R SI 

AT 0.788          

C 0.593 0.606         

ECO 0.483 0.637 0.841        

ENV 0.603 0.783 0.596 0.643       

FC 0.453 0.476 0.465 0.499 0.636      

GP 0.655 0.806 0.657 0.832 0.858 0.613     

I 0.467 0.482 0.475 0.617 0.594 0.764 0.600    

Q 0.669 0.685 0.465 0.493 0.688 0.814 0.640 0.855   

R 0.482 0.468 0.328 0.472 0.459 0.706 0.592 0.800 0.888  

SI 0.405 0.612 0.594 0.640 0.683 0.896 0.714 0.859 0.734 0.660 
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3.1.5 Results of The Structural Model 

The structural model analysis, as shown in Table 4, aimed to identify the factors influencing the 

adoption of remanufacturing for diagnostic radiology medical devices in Thailand. The results indicate that 

several factors have a statistically significant effect on the adoption of remanufacturing. 

Table 4. Results of the Structural Model 

Hypothesis Path 
Path 

Coefficient 
t-value p-value Decision 

H1a ECO -> ADOPTION -0.306 4.695 0.000 Supported 

H1b C -> ADOPTION 0.382 7.731 0.000 Supported 

H2a GP -> ADOPTION 0.290 4.204 0.000 Supported 

H2b ENV -> ADOPTION -0.134 2.242 0.025 Supported 

H3a FC -> ADOPTION 0.075 1.200 0.230 Not Supported 

H3b SI -> ADOPTION -0.313 4.960 0.000 Supported 

H4 AT -> ADOPTION 0.518 7.817 0.000 Supported 

H5 R -> ADOPTION -0.020 0.269 0.788 Not Supported 

H6a Q -> ADOPTION 0.269 3.802 0.000 Supported 

H6b I -> ADOPTION 0.126 2.362 0.018 Supported 

   3.1.6 Model Fit 

   The average AVE and R2 values were 0.748 and 0.695, respectively, indicating good convergent 

validity and good explanatory power of the structural model. These results indicate that the latent constructs 

adequately explain the variance of their respective indicators and that the model is able to explain a substantial 

amount of variance in the endogenous variables. Furthermore, the Q2 value of 0.674 was above the 

recommended cut-off of zero, indicating strong predictive relevance and confirming the model’s predictive 

power of the observed data. The overall goodness-of-fit (GoF) index was 0.721, which was significantly greater 

than the recommended threshold of 0.36, thus indicating a robust overall model fit. This outcome shows that 

the proposed model provides a satisfactory representation of the relationships among the constructs under 

investigation. The standardized root mean square residual (SRMR) value was 0.089, slightly higher than the 

commonly recommended cut-off value of 0.08, but the difference was negligible. Considering the high GoF, 

R2, and Q2 values, the overall model fit can still be regarded as acceptable for further structural model analysis. 
 

                                                𝐺𝑜𝐹 = √R̅2 × AVE̅̅ ̅̅ ̅̅ = √0.695 × 0.748 = 0.721                                  (1) 

Table 5. Oodness-of-Fit (GoF) Measurement.  

Latent Variable Average Variance Extracted (AVE) R square Q2 

AT 0.762   

C 0.719   

ECO 0.706   

ENV 0.727   

FC 0.811   

GP 0.730   

I 0.853   

Q 0.798   

R 0.814   

SI 0.561   

Average 0.748 0.695 0.674 

From Table 5. Presents the overall model fit results, including the Goodness of Fit (GoF), R², and Q² 

values. The average AVE is 0.748, the average R² is 0.695, and the average Q² is 0.674. The data analysis shows 

a strong connection between adoption and several important factors. These include Economic factors, Cost, 

Government Policy, Environmental Friendliness, Attitude, Social Influence, Quality, and Information, all of 
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which had p-values below 0.05 [40]. This suggests that these factors are important in influencing the adoption 

of remanufacturing for medical devices in Thailand. In other words, perceptions related to attitude, cost, 

economic considerations, environmental factors, government policy, innovation-related infrastructure, 

quality, and social influence all contribute to supporting and shaping the acceptance of this technology. 

Conversely, Facility Condition and Regulation/Law did not demonstrate statistically significant 

impacts on adoption, given that their p-values surpassed the 0.05 threshold. This suggests that these two 

elements are not substantial determinants of technology adoption behavior within the context of the proposed 

research model. 

 

Figure 2. Results of The Structural Model 

Note: * p < 0.05, ** p < 0.01, *** p < 0.001 

The most significant connection within the model is the one between ATTITUDE and Adoption; this 

is supported by a path coefficient of 0.518 and a p-value below 0.05. This suggests that users' attitudes are 

crucial in determining whether remanufactured medical devices are adopted in healthcare settings. The model 

accounts for 69.5% of the variance in the factors that encourage the remanufacturing of diagnostic radiology 

medical devices within Thailand. This finding suggests a considerable degree of explanatory power, as 

assessed by benchmarks in behavioral and technology adoption studies [41]. Therefore, the model seems well-

suited for understanding the factors that influence the adoption of remanufacturing technology in Thailand.  

3.2 Discussion 

This investigation seeks to examine the determinants affecting the uptake of remanufactured 

diagnostic radiology medical devices within Thailand, employing Structural Equation Modeling (SEM) as its 

methodological framework. The findings suggest that a variety of factors, encompassing economic, 

environmental, human, resource, standard, and technological dimensions, significantly influence the decision-

making process regarding the adoption of remanufacturing technology. The factors being examined include 

Economic and Cost (economic dimension); Government Policy and Environmental Friendliness 

(environmental dimension); Attitude and Social Influence (human dimension); Facility Condition (resource 

dimension); Regulation/Law (standard dimension); and Quality and Information (technological dimension). 

The findings reveal that Attitude, Cost, Economic, Environmental Friendliness, Government Policy, 

Information, Quality, and Social Influence are significantly associated with adoption (p < 0.05), whereas 

Facility Condition and Regulation/Law are not statistically significant (p > 0.05). In addition, the model 

explains 69.5% of the variance in technology adoption (R² = 0.695), indicating a relatively high level of 

explanatory power for research in behavioral and technology adoption 
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3.2.1 Economic Factor 

3.2.1.1 Economic 

The data indicate a statistically significant relationship between economic factors and the 

adoption of remanufacturing (p < 0.05). This suggests that economic considerations significantly influence 

decisions about technology adoption in healthcare systems. Remanufacturing offers a financially beneficial 

method for reducing costs in the healthcare system. This is achieved by restoring products to performance 

levels similar to new equipment, but at a lower cost. This enables healthcare providers to access medical 

technologies more broadly under budget constraints [5]. Moreover, previous studies suggest that a 

remanufacturing system can generate long-term economic value, assuming that suitable cost models and 

operational processes are used [24]. The negative effects of the economic (ECO) perspective can be explained 

by the characteristics of the respondents. Most of the participants were technical staff, not organizational 

executives, and therefore economic factors such as investment costs, financial returns, or long-term 

profitability were not much considered. Instead, respondents primarily assessed the operational benefits, 

usability, and functionality of remanufactured medical devices. The reduced importance of economic factors 

may explain the negative correlation between the economic perspective and intention to adopt remanufactured 

medical devices. 

3.2.1.2 Cost 

The findings reveal a significant correlation between cost considerations and adoption rates 

(p < 0.05), implying that economic benefits are a primary driver in the uptake of remanufactured medical 

devices. Prior research has demonstrated that remanufacturing can yield cost reductions of roughly 20–50% 

relative to the acquisition of new equipment [27]. This economic advantage, in turn, increases overall value 

and facilitates more efficient resource allocation within healthcare systems. 

3.2.2 Environment Factor 

3.2.2.1. Government Policy 

The results show a statistically significant relationship between government policies and the 

use of remanufacturing practices, with a p-value below 0.05. This observation aligns with Thailand's 20-Year 

National Strategy and the circular economy framework, both of which prioritize resource efficiency and waste 

minimization. By remanufacturing medical devices, we can keep them in use longer. This, in turn, decreases 

the demand for fresh raw materials and lessens the strain on the environment. These benefits align with 

Thailand's current focus on a Bio-Circular-Green (BCG) Economy Model. 

3.2.2.2 Environmental Friendliness 

The results indicate a statistically significant correlation between environmental 

considerations and the adoption of remanufacturing practices (p = 0.025). The idea that remanufacturing helps 

protect natural resources, reduce waste, and lessen environmental damage strengthens the argument for its 

use in healthcare. The negative effect of Environmental Friendliness (ENV) might be attributed to the 

respondents’ priorities when assessing remanufactured medical devices. While environmental sustainability 

is generally recognized to be important, respondents tended to place a higher value on product quality, safety, 

reliability, and clinical performance than environmental benefits. Thus, environmental friendliness was not 

regarded as a significant predictor of their intention to use remanufactured medical devices, resulting in the 

negative association observed. 

3.2.3 Social Equity Factor 

3.2.3.1 Facility Condition 

The data indicate that the state of the facility doesn't have a statistically significant relationship 

with technology adoption (p = 0.23). This finding might be explained by the study's focus on adoption, which 

measures the actual use of technology. Most of the survey participants were direct users of medical devices, 

rather than those responsible for financial decisions or infrastructure within their organizations. 

Therefore, the perceived readiness of facilities, utilities, or supporting infrastructure might 

not directly affect the decision to use remanufactured medical devices. Moreover, the people involved usually 
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do not directly participate in buying things or building facilities. This lack of direct involvement might explain 

why this particular factor did not have a statistically significant effect in the research model. 

3.2.3.2 Social Influence 

The results indicate that social influence is significantly associated with adoption (p < 0.001). 

The perceptions and attitudes of stakeholders—such as administrators, engineers, and healthcare personnel—

can influence technology adoption at the organizational level. When organizational policies and culture 

support remanufacturing, the likelihood of it being widely used increases. The negative effect of social 

influence (SI) is due to the decision-making process in the healthcare sector. In general, peers' or colleagues’ 

recommendations or opinions do not influence the decision to adopt remanufactured medical devices but 

rather clinical performance, safety standards, technical specifications, and regulatory compliance. A possible 

explanation for the negative relationship observed is that respondents seemed to give more weight to objective 

professional judgment rather than social influence in assessing remanufactured medical devices. 

3.2.4 Human Factor: Attitude 

The results indicate that attitude is significantly associated with adoption (p < 0.001) and represents 

the strongest factor in the model. The attitudes of healthcare personnel—such as physicians, biomedical 

engineers, and technical staff—play a crucial role in the decision to adopt remanufactured medical devices. 

When personnel have confidence in the quality and safety of the equipment, the likelihood of technology 

acceptance increases. 

3.2.5 Standard Factor: Regulation/Law 

The data suggest that regulatory and legal considerations do not exhibit a statistically significant 

relationship with technology adoption (p = 0.788). This observation could be interpreted as indicating that 

medical device users view regulatory adherence as the purview of regulatory bodies or purchasing divisions, 

rather than a determinant of operational choices regarding technology utilization. 

3.2.6 Technology Factor 

3.2.6.1 Quality 

The findings demonstrate a significant correlation between quality factors and adoption (p < 

0.001). Specifically, the perceived quality and reliability of remanufactured medical devices emerge as crucial 

determinants of user confidence, especially concerning diagnostic radiology equipment, which necessitates 

elevated standards of both accuracy and safety. 

3.2.6.2 Information 

The results indicate that information factors are significantly associated with adoption (p = 0.018). 

The availability of information—such as usage history, maintenance records, and technical specifications—plays an 

important role in reducing uncertainty and increasing confidence in the decision to adopt remanufactured 

medical devices. 

4. Conclusions 
This research proposed and then tested a structural model to explain the factors influencing the 

adoption of remanufacturing for diagnostic radiology medical devices in Thailand, using Structural Equation 

Modeling (SEM). The findings show that the adoption of this technology is not driven by a single factor. 

Instead, it is the result of the interaction of several different aspects, including economic, environmental, 

human, resource, standard, and technological factors. The results show that most factors in the model—

Economic, Cost, Government Policy, Environmental Friendliness, Attitude, Social Influence, Quality, and 

Information—are significantly associated with adoption. Conversely, Facility Condition and Regulation/Law 

did not demonstrate statistical significance. This finding could be attributed to the composition of the survey 

population, which primarily consisted of individuals who directly utilize medical devices. For these users, the 

device's operational efficacy, user-friendliness, and general quality frequently represent the most critical 

considerations. In contrast, factors like infrastructure readiness and regulatory compliance, which are usually 

handled by administrators or regulatory bodies, are less important to them. Furthermore, the analysis 
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indicates that user attitudes are the most important factor in adopting remanufacturing technology. Cost, 

quality, government policy, and social influence also play important roles. Therefore, these findings 

underscore the importance of how users perceive, trust, and understand new technologies when deciding 

whether to use them in healthcare. The model explains 69.5% of the variation in the adoption of 

remanufactured diagnostic radiology medical devices in Thailand (R² = 0.695). This suggests that research on 

the adoption of behavioral technology is quite effective in explaining this phenomenon. The study's 

conclusions hold significance for both scholarly inquiry and practical application. From an academic 

standpoint, the research contributes to the existing body of knowledge regarding the determinants that 

facilitate the integration of remanufacturing within healthcare infrastructures. Consequently, the findings 

furnish practical guidance for a diverse array of stakeholders, including policymakers, technological pioneers, 

manufacturers of medical devices, and healthcare administrators, thereby assisting them in crafting strategies 

to facilitate the effective deployment of remanufacturing technologies. These strategies include building 

consumer trust in product quality, improving access to relevant information, creating strong support systems, 

and developing user understanding and educational programs. In future research, the results of this study 

should be extended to include a comparison of factors leading to acceptance in other nations, which would 

shed greater light on the role of national context in the adoption of remanufactured diagnostic radiological 

medical devices. Future studies should also broaden the target audience to include stakeholders at all levels 

of the organization and use longitudinal methodologies to track changes in the factors influencing adoption 

over time. A broader scope would promote the development of a more comprehensive knowledge of the 

factors influencing the adoption of remanufacturing technologies and their contribution to sustainable 

management of medical technologies and the development of the circular economy. 
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