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ABSTRACT
The relationship between climate change (CC) and healthcare is twofold. On one hand, the effects of CC impact the rise and 
worsening of several diseases and the need for medical and surgical interventions, especially when extreme weather events 
occur. On the other hand, the healthcare ecosystem contributes to increasing CC due to the high carbon footprint of its opera-
tions, especially in the operating theater. New technologies offer promising pathways for creating sound solutions to improve 
eco-friendly surgical practices. However, realizing their potential depends on surgeons' willingness to adopt these innovations 
and on healthcare institutions' ability to integrate them into clinical routines. This study presents a survey conducted among 
263 surgeons working in 18 countries in the European Union, following the technology acceptance model framework. Results 
reveal the relevance of the perceived usefulness and ease of use in implementing the willingness to adopt and, lastly, the effective 
use of new eco-friendly surgical solutions. New paradigms on the concept of performance and the required competencies and 
guidelines arise, along with the role of female surgical leaders in adopting new greener surgical solutions aimed at reducing CC.

1   |   Introduction

Climate change (CC) can be defined as “the shift in climate 
patterns mainly caused by greenhouse gas emissions” (Fawzy 
et al. 2020, 2069), as the amount of carbon dioxide released into 
the atmosphere each year by human activities exceeds the ca-
pacity of natural processes to remove it (Lindsey 2025). In the 
past decade, CC has become a significant political, economic, 
and environmental concern and a major topic of discussion in 
public and political forums (Aibar-Guzmán et al. 2024; Kumari 
and Bera 2023). CC is a multifaceted, intergovernmental issue 
that has a global impact on numerous ecological, environmental, 

sociopolitical, and socioeconomic sectors (Broccardo et al. 2025; 
Manes-Rossi and Nicolo” 2022).

To reach equilibrium between the quantity of greenhouse 
gases released into the atmosphere and the quantity of emis-
sions absorbed or reduced, the objective is to achieve carbon 
neutrality, namely, reduce emissions to zero (Lindawati 2024). 
Carbon neutrality can mitigate the severe consequences of in-
creasing global temperatures, including dwindling biodiver-
sity, rising sea levels, and extreme weather (Lindawati 2024). 
New technologies can provide sound solutions and sustainable 
business models to advance toward the net-zero goal (Bagnoli 
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et al. 2022; Dal Mas et al. 2023; Esposito et al. 2023; Luqman 
et al. 2024).

The relationship between healthcare field and CC is twofold. 
One of the significant consequences of CC is, indeed, related 
to human health hazards, as global CC may directly impact 
human health and compromise well-being (Bharani et al. 2024; 
Mousa et al. 2025; Owusu et al. 2025). CC and its air pollution 
can result in an elevated risk of respiratory and cardiovascular 
diseases, among others (Calleja-Agius et  al.  2021). Moreover, 
extreme weather can cause natural disasters like earthquakes, 
floods, and fires, causing severe trauma and injuries to several 
people, with a surge in the demand for hospital admissions and 
surgical interventions (Bell et al. 2018; Bharani et al. 2024; Kim 
et al. 2012; Linnenluecke et al. 2012).

Conversely, as a major industrial and service field, the health-
care sector significantly impacts the natural environment and 
CC (Afjal and Trivedi 2024; Bhopal and Norheim 2023; Ferullo 
et al. 2025; Garzoni et al. 2024; Rahat et al. 2024). The health-
care ecosystem (Secundo et al. 2019) is a multifaceted entity that 
operates globally, employing millions of individuals, managing 
numerous facilities, producing investments and consumable 
products and services, and engaging in extensive supply chains 
that involve both the public and private sectors. Previous studies 
indicate that healthcare activities, such as pharmaceutical and 
hospital operations, generate substantial emissions, calling for 
an urgent transition to sustainable practices (Wade 2023). When 
analyzing medical specialties, the literature agrees that surgical 
practices produce disproportionate emissions and environmen-
tal waste (Bharani et al. 2024).

The discussion on environmental sustainability and CC within 
healthcare, medicine, and surgery is being fueled by both ac-
ademic (Afjal and Trivedi  2024; Bhopal and Norheim  2023; 
Dal Mas et  al.  2024; Rizan et  al.  2020; Tennison et  al.  2021; 
Wade  2023) and practice contributions (NHS  2022; The 
Royal College of Surgeons of Edinburgh; The Royal College 
of Surgeons of England; Royal College of Physicians and 
Surgeons of Glasgow 2022; The Royal College of Surgeons of 
Edinburgh  2022). Indeed, the healthcare sector accounts for 
a significant portion of global greenhouse gas emissions, and 
therefore it has a critical role to play in addressing CC (Ueda 
et  al.  2024). Thus, in the years ahead, this subject is poised 
to become one of the most promising healthcare research, 
practice, and policy areas (Afjal and Trivedi  2024; Dal Mas 
et al. 2024).

Technology plays a pivotal mediating role in connecting health-
care and CC, having a dual relationship. On one hand, digital 
and clinical innovations, ranging from artificial intelligence 
(AI) and robotics to telemedicine and health informatics, can 
directly support professionals in making decisions that balance 
clinical outcomes with environmental sustainability (Raimo 
et  al.  2023). For example, AI-based tools can model the car-
bon impact of different anesthesia or surgical options, enabling 
physicians to select procedures that minimize emissions with-
out compromising patient safety (Gray  2022; Sun et  al.  2025). 
Similarly, robotic and minimally invasive technologies can 
reduce length of stay, energy consumption, and waste genera-
tion, thus lowering the overall ecological footprint of surgical 

care (Loftus et al. 2020; Macneill et al. 2017). On the other hand, 
technology also facilitates systemic change, allowing healthcare 
organizations to monitor, report, and reduce their greenhouse 
gas emissions while maintaining resilience during climate-
related disruptions. In this way, technology functions not only 
as a clinical instrument but also as a structural enabler that con-
nects CC mitigation with sustainable healthcare delivery.

Interestingly enough, working on sustainable and energy-
efficient new buildings and revamping old ones, eco-friendly 
purchases and medical supplies, and innovative operational 
models (like the hub-and-spoke model of care) to reduce pa-
tients' and staff mobility is insufficient to reach net-zero emis-
sions in healthcare (NHS  2022). New paradigms should also 
involve clinical practice, for example, in disciplines like sur-
gery and anesthesia (Agrawal et al. 2025). Indeed, for instance, 
operating theaters are responsible for 3% to 6% of a hospital's 
total greenhouse gas emissions and consume 3 to 6 times more 
energy per square meter than other hospital areas (Rizan 
et al. 2020). Similarly, certain anesthetic gases, such as desflu-
rane, have a global warming potential (GWP) up to 2500 times 
that of carbon dioxide, and switching to sustainable alternatives 
or changing clinical practices can significantly reduce emissions 
(Chen et al. 2025). Finally, some clinical options consume less 
energy or resources than others and should be preferred, once 
the expected medical outcome may still be reached (Odland 
et al. 2020).

Physicians should, therefore, include environmental sustain-
ability as a factor when evaluating the feasible clinical op-
tions (The Royal College of Surgeons of Edinburgh; The Royal 
College of Surgeons of England; Royal College of Physicians and 
Surgeons of Glasgow  2022; The Royal College of Surgeons of 
Edinburgh 2022). This paradigm shift should not be taken for 
granted, as clinicians' attitudes and cultural mindsets toward 
green practice and CC seem to differ within the medical com-
munity (Harris et al. 2021; Yates et al. 2021). Therefore, one of 
the most critical steps is to comprehend the perceptions and at-
titudes of health professionals toward change management and 
technological environmental practices impacting CC that are 
directly related to their daily tasks and activities.

Despite the growing academic and policy debate on the in-
tersection between CC and healthcare, there is still a lack of 
empirical evidence on how surgeons, as key clinical actors, 
perceive and accept environmentally sustainable practices and 
technologies in their daily work. Existing research has mainly 
focused on the measurement of healthcare's carbon footprint, 
policy recommendations, and technological solutions at the 
system level, whereas the behavioral dimension, namely, the 
willingness of physicians to integrate green innovations into 
surgical practice, remains underexplored (Dal Mas et al. 2024; 
Harris et al. 2021; van Nieuwenhuizen et al. 2025). This gap 
is particularly relevant because the success of sustainability-
oriented innovations in surgery depends not only on their 
technical feasibility but also on surgeons' acceptance and in-
tegration into clinical routines. By applying the technology 
acceptance model (TAM) to the surgical context in Europe, 
this study addresses this gap and offers a novel contribution to 
understanding the determinants of intention and actual use of 
eco-friendly surgical solutions.
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Our study makes three key contributions. First, we extend the 
literature on CC and healthcare by providing one of the first 
large-scale empirical analyses of surgeons' acceptance of green 
innovations, using a cross-country dataset across 18 European 
countries. Second, we adapt and test the TAM in the specific 
context of environmentally sustainable surgery, showing how 
perceived usefulness and ease of use shape behavioral intention 
and actual use. Finally, we advance the debate on clinical lead-
ership and sustainability by revealing the role of demographic 
and institutional factors, such as gender and type of institution, 
in influencing the adoption of eco-friendly surgical practices. 
Together, these contributions enrich both academic knowledge 
and practical policymaking on how to promote sustainability in 
surgery and reduce the healthcare sector's contribution to CC.

Starting from these premises, the article is developed as follows. 
The next section reviews the current literature about the twofold 
relationship between CC and healthcare, the potential solutions 
based on technology, and the hypothesis development of the 
study based on the factors that can push intention to use and 
effective use by physicians. The methodological part explains 
the data collection through a survey and analysis, followed by 
the results. Lastly, a discussion section tries to offer new food for 
thought on literature, practice, and policies.

2   |   Literature Review

2.1   |   The Impact of CC in Healthcare and Surgery

Recent research has underlined that the increase in nonoptimal 
ambient heat contributes to over 5 million fatalities annually 
(Zhao et al. 2021). An average global temperature rise of approx-
imately 1°C significantly increases warm-season heat-related fa-
talities attributed to anthropogenic CC globally (Vicedo-Cabrera 
et al. 2021). The daily mortality rate increases more rapidly per 
degree rise at ambient temperatures above 27°C (Calleja-Agius 
et  al.  2021). Vulnerable populations, including the elderly, in-
fants, and individuals with cardiovascular and/or respira-
tory comorbidities, are at a high risk of thermal dysregulation 
(Khraishah et al. 2022; Xu et al. 2016).

CC is also causing an increase in the frequency, intensity, and 
geographic distribution of extreme weather events and mass 
casualties. For example, wildfires result in direct health and 
livelihood damages and increase the formation of toxic air pol-
lutants like ozone and particulate matter (Stavros et al. 2014). 
The increasing frequency of heat waves, droughts, and the re-
sulting wildfires and storm surges has a detrimental impact 
on the number of emergency room accesses and trauma cases 
with surgical needs (Bell et al. 2018; Bharani et al. 2024; Kim 
et al. 2012; Linnenluecke et al. 2012). Moreover, previous studies 
reported that CC directly increases the frequency and severity of 
conditions like urolithiasis and urinary stone diseases (Dallas 
et al. 2017; Kaufman et al. 2022), soft tissue infections (Miller 
et al. 2019), stroke (Takumi et al. 2015), surgical site infections, 
postoperative complications after trauma surgery, and length of 
stay (Liou et al. 2022).

CC impacts the healthcare sector and the volume of its oper-
ations. However, the healthcare ecosystem affects the green 

environment and has consequences for CC as well, as under-
lined by the recent literature. Indeed, some studies reported 
that the healthcare sector accounts for 4% to 10% of a country's 
total greenhouse gas emissions (Eckelman et  al.  2018, 2020; 
Gray 2022; Olawade et al. 2025). Several healthcare systems have 
introduced accounting methods to measure their carbon foot-
print, including experiences in the United Kingdom (NHS 2022; 
Tennison et al. 2021), the Netherlands (Steenmeijer et al. 2022), 
and the United States and Canada (Eckelman et al. 2018, 2020). 
Energy-heavy pharmaceutical production (including inhalers), 
anesthetic gases, high electricity use, waste management, pa-
tient and staff transport and fleets, heating and cooling of fa-
cilities, and food and catering services are included in the list 
of the most relevant contributors to such emissions (Bhopal and 
Norheim  2021; Olawade et  al.  2025). Operating rooms alone 
account for a considerable portion of hospital emissions (Afjal 
and Trivedi 2024; Macneill et al. 2017; Watts et al. 2021), as they 
consume three to six times more energy than the rest of the hos-
pital, and stand as a relevant waste producer (Rizan et al. 2020; 
Thakur et al. 2021).

Taken together, the literature underscores the magnitude of the 
problem by showing how both CC affects health outcomes and 
how healthcare contributes to emissions, with surgery emerging 
as a particularly carbon-intensive specialty. However, most of 
these studies remain focused on quantifying impacts, with lim-
ited attention to how clinical professionals perceive and respond 
to sustainability challenges in their practice. This leaves an open 
question regarding the behavioral and organizational dynamics 
that could enable or hinder greener surgical practices.

2.2   |   CC, Healthcare, and Technology

Adopting new technologies facilitates reducing ecological foot-
print (Arun and Ozmutlu  2025), also in the healthcare sector 
(Block et  al.  2023; Nti et  al.  2023; Vishwakarma et  al.  2025). 
Industry 4.0 technologies such as AI, the Internet of Things 
(IoT), robotics, big data analytics, virtual reality, and aug-
mented reality can offer unique advantages and opportunities 
for more inclusive and sustainable business models (Bagnoli 
et al. 2022), and medicine is no exception (Brescia et al. 2025; 
Chong et al. 2022; Dal Mas et al. 2023; Raimo et al. 2023).

As said, CC can increase the intensity, duration, and severity 
of weather-related events that can result in natural disasters 
and mass casualties. New technological and health informatics 
tools can support the creation of climate-resilient healthcare 
systems to provide safe, high-quality care in nonoptimal condi-
tions, particularly in remote or underserved regions. Benefits in-
clude improved access to healthcare, reduced inefficiencies and 
costs, and increased portability of patient information (Lokmic-
Tomkins et  al.  2023). Digital health technologies were swiftly 
implemented on a large scale in numerous settings during 
the COVID-19 pandemic to provide healthcare in accordance 
with public health interventions, such as lockdowns (Chong 
et al. 2022; Drago et al. 2023; Romani et al. 2021).

Technological instruments and apps can support clinical 
decision-making (Loftus et  al.  2020), more accurate diagnosis 
and prediction (Secinaro et  al.  2021), telemedicine (Biancone 
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et  al.  2023), and a virtual hospital model of care (Bidoli 
et al. 2023), allowing healthcare professionals to look after more 
patients remotely (Yates et al. 2021). Technological innovation 
can also boost environmental sustainability, contributing to the 
reduction of CC. Even if concerns have been raised about these 
technologies' carbon footprints because of their high energy 
consumption (Gray 2022; Ueda et al. 2024), their pros outweigh 
their cons (Sun et al. 2025; Usher et al. 2024). AI and health in-
formatics can mitigate the general carbon-emitting practices of 
healthcare services by, for instance, providing the feasibility of 
modeling the emission consequences of surgical anesthesia and 
intensive care decisions through the use of industrial life cycle 
assessment tools (Gray 2022; Harris et al. 2021; Sun et al. 2025). 
Moreover, AI can effectively allow direct control and monitor-
ing over emissions (Luqman et al. 2024).

Although these contributions highlight the potential of technol-
ogy to mitigate the environmental impact of healthcare and to 
support climate-resilient systems, the literature has been less 
explicit on the conditions under which such innovations are ac-
tually adopted by clinicians. Most studies focus on technological 
feasibility or systemic applications, overlooking the professional 
acceptance dimension, namely, whether surgeons and other 
healthcare providers are willing and able to integrate these tools 
into daily routines. This gap is particularly relevant because 
technological innovation can only deliver environmental bene-
fits if it is embraced by end users in practice.

2.3   |   Hypothesis Development

The role of clinicians in advocating for more sustainable clinical 
practice to reduce environmental impacts and CC remains cru-
cial, as they are required to embrace technological innovation 
in their daily tasks (Braithwaite et al. 2023; van Nieuwenhuizen 
et  al.  2025; Pascale and Achour  2024). Nevertheless, not all 
physicians share the same perspective on CC and have yet to 
fully acknowledge the necessity of reducing the environmental 
impact of their practices, fortifying the infrastructure of their 
institutions, and improving their overall climate resilience 
(Jonathan 2025), and so is the role of technology in supporting 
such a process (Dal Mas et al. 2024).

According to the literature, most physicians and surgeons are 
concerned about CC and would appreciate additional guid-
ance and education (Harris et  al.  2021; van Nieuwenhuizen 
et al. 2025). Interestingly, in a recent survey conducted in the 
United Kingdom and Ireland, most medical doctors declared 
that they have started to employ green practices in their private 
lives rather than at work (Harris et al. 2021). Therefore, under-
standing how to drive such change is of utmost importance. 
Previous literature used the TAM (Davis and Davis 1989; Davis 
et al. 1989) to understand those dynamics that can drive or limit 
the acceptance toward the implementation of a new technologi-
cal tool into practice.

The TAM (Davis and Davis  1989; Davis et  al.  1989) is one of 
the most established frameworks for analyzing user adoption 
of new technologies. TAM posits that two key perceptions, per-
ceived usefulness and perceived ease of use, shape individu-
als' behavioral intention to adopt a technology, which in turn 

influences actual use behavior. In healthcare contexts, TAM 
has been extensively applied to investigate physicians' accep-
tance of hospital information systems (Chen and Hsiao 2012), e-
health applications (Biancone et al. 2023), telemedicine (Chong 
et  al.  2022), and AI-based decision support systems (Loftus 
et  al.  2020). These studies confirm the explanatory power of 
TAM in highly professionalized and regulated settings such as 
healthcare, where behavioral intention often mediates between 
system-level innovation and practical adoption.

Despite its wide application in digital health, TAM has rarely 
been used to explore the adoption of sustainability-oriented in-
novations in clinical practice. Yet, sustainable surgical technol-
ogies, such as low-carbon anesthetics, waste-reducing devices, 
and AI-driven decision support tools, present challenges similar 
to those of other health IT tools. Indeed, they require profes-
sionals to perceive them as both useful (improving outcomes or 
reducing harm) and manageable (not adding excessive burden). 
Applying TAM in this context, therefore, allows us to extend its 
theoretical scope to environmental sustainability, highlighting 
how clinical decision-making incorporates not only patient out-
comes but also climate-related considerations.

In adapting TAM to the sustainability context, this study refines 
the construct of perceived usefulness by considering both clini-
cal performance (patient outcomes) and environmental perfor-
mance (carbon reduction), reflecting the dual objectives faced 
by surgeons. This represents a conceptual extension of TAM, as 
environmental benefits are rarely integrated explicitly into per-
formance evaluations in existing TAM applications.

Behavioral intention in the healthcare context can be defined as 
the willingness of professional users to adopt a certain techno-
logical tool in their practice (Chen and Hsiao 2012; Yarbrough 
and Smith  2007). Current literature underlined how carbon 
footprint is not a priority in clinical decision-making, espe-
cially in selecting the surgical technique (van Nieuwenhuizen 
et  al.  2025). A recent investigation reported how, despite the 
absence of significant differences, certain groups within the 
surgical community exhibit a greater degree of sensitivity or 
positivity toward technology to support greener practices. For 
example, physicians working in academic institutions appear 
more receptive to innovation and cutting-edge issues (Dal 
Mas et  al.  2024), in line with other investigations (Cobianchi 
et al. 2023; Cobianchi, Dal Mas, et al. 2022). Stakeholders' pres-
sure (especially patients) to adopt CC-reduction strategies does 
not seem strong enough (Cadez et al. 2019; Dal Mas et al. 2024), 
and the lack of engagement impacts surgeons' behavior (Daddi 
et al. 2018).

When investigating medical doctors as professional users and 
their relationship with innovation, the perceived usefulness pro-
vided by the new technology stands as one of the most relevant 
factors in boosting acceptance and overcoming the eventual bar-
riers (Biancone et al. 2023; Chen and Hsiao 2012). For instance, 
the study conducted by BenMessaoud et al. (2011) saw the out-
standing perceived usefulness of surgical robots as a major fa-
cilitator toward acceptance. More specifically, robotic surgical 
interventions were expected to improve patients' outcomes, in 
terms of faster recovery, reduced pain, and hospital length of 
stay. At the same time, surgeons would enjoy better ergonomics, 
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greater dexterity, increased accuracy, and the elimination of 
hand tremor.

Therefore, we derive the following hypotheses:

HP1.  Perceived usefulness positively affects the intention to 
use new technologies to improve environmental sustainability 
and reduce CC.

Employing new technologies to boost environmental sustain-
ability in surgery and reduce its impact on CC shows significant 
barriers, mostly related to a lack of knowledge about several con-
cepts and practices, especially concerning the potential contri-
bution to patient care (Bharani et al. 2024; Dal Mas et al. 2024), 
and the lack of leadership and guidance by public bodies and 
scientific societies (Harris et al. 2021; Yates et al. 2021). If the 
technology is expected to require much effort in terms of time, 
learning needs, or other duties, as it will be difficult to be used 
e.g., for problems of an administrative nature, adoption will be 
more challenging (Tetik et al. 2024; Yarbrough and Smith 2007). 
As a technological-competent surgical workforce is required to 
develop new skills (Loftus et al. 2021), we derive the following 
hypotheses:

HP2.  The ease of use positively impacts the intention to use 
new technologies to improve environmental sustainability and 
reduce CC.

The effective use of the new tools and technologies, namely, 
usage behavior, may exhibit other obstacles or facilitators. In 
the case of eco-friendly surgical techniques aimed to reduce 
the CC effect, barriers to the adoption of greener practices in-
clude, among others, mandatory compliance with regulatory 
requirements, licensing, the presence of accreditation agencies 
overseeing medical institutions, 24/7 operational hours, and the 
use of chemical products (Kamath et al. 2019). Still, the single 
user's behavioral intention may impact the tool's effective im-
plementation into practice. Therefore, we derive the following 
hypotheses:

HP3.  A higher intention to use new technologies to improve 
environmental sustainability and reduce CC positively affects 
the real implementation into practice.

Although TAM offers a robust lens to analyze individual ac-
ceptance dynamics, alternative perspectives may also inform 
the adoption of sustainable technologies in healthcare. For in-
stance, institutional theory (DiMaggio and Powell 1983) em-
phasizes how professional norms, regulatory pressures, and 
organizational culture shape adoption. Similarly, stakeholder 
theory (Freeman 1984) highlights external pressures from pa-
tients, policymakers, and society. However, as our focus is on 
the individual-level acceptance by surgeons, TAM provides 
the most direct and parsimonious framework. By situating 
TAM within this broader theoretical landscape, our study not 
only applies but also extends the model to a novel domain, 
thereby contributing to theory development in healthcare 
sustainability.

More precisely, the gaps we want to address point to the need for 
research that goes beyond describing impacts or technological 

solutions and instead investigates the dynamics of adoption and 
use. In particular, the surgical field represents a critical yet un-
derexplored context: although operating rooms are among the 
highest contributors to hospital emissions, little is known about 
how surgeons perceive sustainable technologies and what fac-
tors drive or inhibit their acceptance. Figure 1 reports the frame-
work tested in the analysis.

3   |   Methodology

This study employed a quantitative research design using a 
cross-sectional survey approach to investigate the acceptance 
of sustainable surgical practices and technologies among 
healthcare professionals. The survey was designed to cap-
ture the TAM constructs, namely, perceived usefulness, per-
ceived ease of use, intention to use, and use behavior (Davis 
and Davis 1989; Davis et al.  1989) in the context of climate-
conscious surgical practice.

3.1   |   Data Collection

A total of 263 surgeons operating in emergency, trauma, and 
general surgery based in 18 countries of the European Union 
participated in the study. The investigation took place between 
February and June 2023, and it was endorsed by the World 
Society of Emergency Surgery, one of the major scientific so-
cieties in acute care and trauma surgery (World Society of 
Emergency Surgery  2022). Data were collected using Google 
Forms following the CHERRIES list for online medical surveys 
as reported by Eysenbach (2004), namely, design, institutional 
review board approval and informed consent process (not re-
quired for this type of study), development and pretesting, re-
cruitment process, survey administration, and analysis.

The sample included division chiefs (11%), senior consultants 
(43%), board-certified surgeons (28%), and residents (18%), 
with most participants working in academic institutions 
(72%). Respondents were predominantly male (77%), and their 
professional experience ranged from less than 5 years to more 
than 30 years. Table 1 reports some descriptive statistics of the 
sample.

Results show that although the sample provided rich insights 
into surgeons across 18 European countries, it was not fully 

FIGURE 1    |    The framework model.  Source: The authors.
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6 Business Strategy and the Environment, 2025

balanced in terms of gender and institutional type. The majority 
of respondents were male (77%) and affiliated with academic in-
stitutions (72%). These distributions reflect, to some extent, the 
demographics of the surgical workforce in Europe, where men 
and academic centers remain predominant.

Indeed, it is worth noting that the gender imbalance in our 
sample (with a majority of respondents being male) is broadly 
consistent with the documented composition of the surgi-
cal profession in Europe. For example, only about 17% of 
surgical consultants in the UK are female (Royal College of 
Surgeons of Enland  2025). In Sweden, around 32.7% of gen-
eral surgeons are female (Blohm et  al.  2024). Across many 
European countries, the proportion of female surgeons is 
often between 20% and 40%, albeit lower in some surgical 
subspecialties (Crompton 2020). Therefore, although our sam-
ple is male-dominant, it still reflects real-world distributions. 
Nevertheless, this demographic skew may still bias results 
(e.g., underestimating female attitudes), and thus findings 
related to gender effects should be interpreted with caution. 
Nevertheless, such an imbalance requires careful consider-
ation in interpreting the findings.

3.2   |   Survey Instrument and Construct 
Operationalization

The development of the questionnaire followed a structured and 
theory-driven adaptation process. As a starting point, we drew 
on the original TAM developed by Davis et al. (1989), which pro-
vides a robust framework for studying user acceptance of innova-
tions through the constructs of perceived usefulness, perceived 
ease of use, attitudes, and behavioral intention. Recognizing 
the importance of situating the model in the specific context of 
green surgical practices aimed at mitigating CC, we conducted a 
targeted review of the literature on sustainability in healthcare 
and operating room management. This step ensured that the ini-
tial pool of items not only reflected the TAM constructs but also 
captured domain-specific elements related to environmentally 
sustainable practices.

To refine the questionnaire and ensure contextual validity, 
we employed an expert consensus approach using a modi-
fied Delphi technique (Nelms and Porter 1985). A purposive 
sample of experts was invited to participate, including senior 
surgeons, operating room managers, sustainability officers, 
and scholars in various fields, including organization sci-
ences, healthcare management, biomedical informatics, and 
environmental engineering. In the first round, panel members 
were asked to assess each item in terms of relevance, clarity, 
and appropriateness for the surgical sustainability context, 
using a structured content validity rating. Their feedback 
was systematically analyzed, and items that did not reach ad-
equate agreement were either revised or removed. A second 
round was then carried out to review the revised items and 
confirm consensus, with the goal of reaching strong content 
validity across the entire set of items.

Following this expert-based phase, we conducted cognitive pre-
testing with a small group of end users drawn from the target 
population of surgical staff. During these sessions, participants 
were asked to complete the questionnaire while engaging in 
think-aloud and retrospective probing techniques. This allowed 
us to identify potential issues related to item comprehension, 
interpretation, and wording. The cognitive interviews led to 
minor refinements in terminology and phrasing, ensuring that 
the questionnaire was both accessible and meaningful to practi-
tioners in their daily work environment.

Finally, a pilot study was conducted with a small convenience 
sample of surgical professionals to test the functionality and 
performance of the adapted questionnaire. The pilot aimed to 
verify the distribution of responses across items, the clarity 
of instructions, and the time required for completion. Basic 
psychometric analyses were also undertaken at this stage to 
provide preliminary evidence of internal consistency and to 
assess whether the items behaved in line with the underly-
ing TAM constructs. The insights from the pilot phase in-
formed the final adjustments before moving to the main data 
collection.

As a result of this approach, the items were grouped under 
four primary latent constructs. The first one relates to the per-
ceived userfulness and consists of three items, measuring the 
perceived utility of sustainable practices. The second construct 

TABLE 1    |    Demographic characteristics of respondents.

Variable Number %

Gender

Male 202 77%

Female 61 23%

Prefer not to answer/other 0 0%

Total 263

Type of organization

Academic 189 72%

Nonacademic 74 28%

Total 263

Role

Resident 47 18%

Board-certified surgeon 74 28%

Senior consultant 114 43%

Division chief or head 28 11%

Total 263

Experience

≤5 38 14%

>5 ≤ 10 65 25%

>10 ≤ 15 55 21%

>15 ≤ 20 39 15%

>20 ≤ 25 27 10%

>25 ≤ 30 39 5%

Total 263

Source: The authors.
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7Business Strategy and the Environment, 2025

refers to perceived ease of use (five items) aimed at evaluating 
perceived ease of engaging in sustainable behaviors. The third 
construct measures behavioral intention (four items), oriented at 
capturing intention to adopt environmentally sustainable prac-
tices. The last construct focuses on use behavior (seven items), 
measuring self-reported adoption of green practices. Each item 
was rated on a 5-point Likert scale ranging from “strongly dis-
agree” to “strongly agree.” Appendix I reports the final question-
naire used.

3.3   |   Data Analysis Procedure

The data were analyzed using covariance-based structural 
equation modeling (CB-SEM) implemented in the lavaan 
package in R (Rosseel  2012). The robust maximum likeli-
hood estimator (MLR) was applied to account for nonnormal-
ity. Based on modification indices and in line with common 
SEM practice, we allowed residual correlations between se-
lected items belonging to the same construct (e.g., Q80 and 
Q81 within ease of use; Q49 and Q50 within use). These ad-
justments were theoretically justifiable given the semantic 
and conceptual proximity of the items and were introduced to 
account for potential shared method variance or overlapping 
content, thereby improving overall model fit without compro-
mising the validity of the constructs.

4   |   Results

4.1   |   Measurement Model

The reliability and the validity of the measurement model were 
assessed through a confirmatory factor analysis, using several 
established criteria. The results indicated that all items loaded 
significantly onto their respective latent constructs, with stan-
dardized loadings ranging from 0.508 to 0.948. This confirms 
that the selected indicators were appropriate and meaningful 
representations of the underlying dimensions being measured. 
The construct measuring performance usefulness included 
three items, all demonstrating loadings between 0.673 and 
0.864. The ease of use construct comprised five items, with load-
ings ranging from 0.545 to 0.836. The use behavior construct, 
composed of seven items, had loadings between 0.568 and 0.861, 
whereas the behavioral intention construct, consisting of four 
items, presented loadings from 0.508 to 0.948.

The internal consistency of the constructs was verified using 
Cronbach's alpha and composite reliability (CR), with all 

values exceeding the recommended 0.70 threshold. Specifically, 
Cronbach's alpha values ranged from 0.805 for behavioral inten-
tion to 0.901 for use behavior, indicating strong internal consis-
tency. Composite reliability further supported this conclusion, 
with values between 0.822 and 0.903 across all constructs, as 
reported in Table 2.

To assess convergent validity, we examined the average vari-
ance extracted (AVE), which ranged from 0.524 for ease of use 
to 0.760 for use behavior. As all AVE values were above the 
minimum recommended level of 0.50, this suggests that the 
constructs capture a sufficient proportion of variance in their 
respective indicators. Discriminant validity was also estab-
lished using the Fornell–Larcker criterion, with the square root 
of each construct's AVE exceeding its correlations with other 
constructs. These results confirm that the measurement model 
demonstrates acceptable reliability, convergent validity, and dis-
criminant validity, providing a solid foundation for testing the 
structural model. Results are reported in Table 3.

4.2   |   Structural Model

The structural model was tested using CB-SEM, and the results 
indicate that the model fits the data very well. The ratio between 
chi-square and degrees of freedom (χ2/df) was 1.45, comfortably 
below the threshold of 3, indicating a good fit. The comparative 
fit index (CFI) was 0.950 and the Tucker–Lewis Index (TLI) was 
0.941, both exceeding the standard cutoff of 0.90, whereas the 
root mean square error of approximation (RMSEA) was 0.042 
and the standardized root mean square residual (SRMR) was 

TABLE 2    |    Construct validity.

Construct N_items Min. Loading Max Loading Cronbach Alpha AVE CR

Perceived usefulness 3 0.673 0.864 0.819 0.609 0.822

Perceived ease of use 5 0.545 0.836 0.844 0.524 0.842

Usage behavior 7 0.568 0.861 0.901 0.76 0.903

Behavioral Intention 4 0.508 0.948 0.805 0.577 0.839

Source: The authors.

TABLE 3    |    Discriminant validity analysis.

Construct Performance Ease Use Intention

Perceived 
usefulness

0.784

Perceived 
ease of use

0.283 0.725

Usage 
behavior

0.421 0.105 0.756

Behavioral 
intention

0.679 0.427 0.207 0.735

Note: Diagonals (in bold) present the square root of the AVE, and the rest of the 
values show the correlation.
Source: The authors.
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8 Business Strategy and the Environment, 2025

0.070. These indices collectively demonstrate that the proposed 
model is robust and consistent with the observed data.

The model also incorporated several control variables, includ-
ing gender, years of experience, organizational type (academic 
vs. nonacademic), and the professional role held. Among these, 
only gender emerged as a statistically significant predictor of be-
havioral intention. Specifically, male respondents were found to 
have a lower intention to adopt sustainable practices compared 
to their female counterparts (β = −0.145, p = 0.011). This find-
ing must be interpreted in light of the gender imbalance of the 
sample. The effect observed, where female respondents showed 
higher intention to adopt sustainable practices, may even be un-
derestimated, as women are underrepresented in our dataset. 
None of the other control variables had a significant effect on 
the dependent constructs, suggesting that the primary drivers 
of intention and behavior lie within the core constructs of the 
model rather than demographic or professional differences, as 
reported in Table 4.

4.3   |   Hypothesis Testing and Structural 
Relationships

The empirical data supported the structural paths proposed 
in the research model. The analysis revealed that both ease of 
use and perceived usefulness exert a statistically significant 
and positive influence on the intention to adopt sustainable 
practices in the surgical context. More specifically, perceived 
usefulness emerged as the strongest predictor of behavioral 
intention (β = 0.561, p < 0.001), suggesting that surgeons' per-
ceptions of how sustainable practices can enhance the effec-
tiveness of their work are crucial in shaping their willingness 
to adopt such behaviors. Ease of use was also positively as-
sociated with intention (β = 0.270, p < 0.001), indicating that 
when sustainable practices are perceived as easy to implement 
or not overly demanding, professionals are more likely to inte-
grate them into their routines.

In turn, behavioral intention significantly predicted actual use 
behavior (β = 0.232, p = 0.005), underscoring the relevance of 
motivation and intention in translating sustainable values into 
action within surgical settings. This confirms the underlying 
logic of the TAM, where intention acts as a key mediator be-
tween perceptions (in terms of utility and ease of use) and real-
world behavioral adoption. The model thus demonstrates that 
fostering sustainability in healthcare, particularly in surgery, re-
quires not only the promotion of environmental benefits but also 
attention to clinicians' cognitive and motivational processes. 
Hypothesis testing results are reported in Table 5.

5   |   Discussion

The investigation's results confirmed all the hypotheses and re-
lations embedded in the TAM framework (Davis and Davis 1989; 
Yarbrough and Smith  2007). Namely, perceived usefulness 
boosts the behavioral intention to use the new technology, 
whereas an easy-to-implement solution in the implementation 
has a positive impact. Moreover, if users show an overall positive 
behavioral intention, this factor facilitates the effective imple-
mentation, even if other barriers may arise.

In all, our findings also invite deeper theoretical reflection. 
First, the results confirm the explanatory power of the TAM 
in a novel domain, sustainable surgery, demonstrating that 
constructs such as perceived usefulness and ease of use re-
tain their predictive strength even when the technology in 
question aims to achieve environmental rather than purely 
clinical outcomes. In this sense, our study extends TAM by 
conceptualizing performance as a dual construct, encompass-
ing both clinical and environmental dimensions. Second, our 
findings highlight that ease of use is not limited to the tech-
nical side, as often studied in digital health applications, but 
is strongly influenced by organizational and institutional bar-
riers such as workload, training requirements, and regulatory 
constraints. Third, the observed gender effect suggests that 

TABLE 4    |    Model fitness results.

Index Value Degree of acceptance Rate

χ2/df (scaled) 433.039/298 = 1.45 <3 (good) Excellent

CFI (robust) 0.950 ≥0.95 (excellent) Excellent

TLI (robust) 0.941 ≥0.90 (excellent) Excellent

RMSEA (robust) 0.042 <0.06 (good), <0.08 (acceptable) Excellent

SRMR 0.070 <0.08 Good

Source: The authors.

TABLE 5    |    Hypothesis testing.

Regression Estimate (std.all) p Result

Behavioral intention ← Perceived ease of use 0.270 <0.001 Stat. significant

Behavioral intention ← perceived usefulness 0.561 <0.001 Stat. significant

Usage behavior ← Behavioral Intention 0.232 0.005 Stat. significant

Source: The authors.
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9Business Strategy and the Environment, 2025

sociodemographic variables may act as moderators of TAM 
constructs, pointing to a potential refinement of the model in 
professionalized contexts.

At the same time, the results resonate with other theoretical per-
spectives. From an institutional theory standpoint, the limited in-
tegration of sustainable practices reflects the weak normative and 
coercive pressures within the surgical field, despite the growing 
role of scientific societies. From a stakeholder theory perspective, 
the absence of strong patient or societal pressure partly explains 
the lack of behavioral engagement with green technologies. By 
combining insights from TAM with these complementary lenses, 
future research could better capture the interplay between indi-
vidual acceptance, institutional logics, and stakeholder expecta-
tions in the sustainability transition of healthcare.

Some intriguing points may guide the next academic and prac-
tice debate about implementing new technologies for greener 
surgical practices aiming at reducing the impact on CC.

5.1   |   Implication 1—Performance Matters, but 
Which Performance?

Results underlined the importance of perceived usefulness in 
boosting behavioral intention to use the new tools. However, in 
the surgical domain, “performance” can be understood in at least 
two different ways. On one hand, clinical performance refers to 
traditional patient-centered outcomes, such as survival rates, re-
covery time, or reduced complications, which remain the para-
mount criteria for evaluating surgical innovation (BenMessaoud 
et al. 2011). On the other hand, environmental performance refers 
to the capacity of a surgical practice or technology to minimize 
its carbon footprint and contribute to broader sustainability goals 
(Chen et al. 2025; Rizan et al. 2020). Our findings suggest that 
although clinical performance cannot be compromised, surgeons 
are increasingly called to recognize environmental performance 
as an additional and complementary dimension of value. Indeed, 
when discussing green surgical practice, we must underline that 
CC-compliant techniques should be preferred if, and only if, they 
do not compromise the expected patients' outcomes (NHS 2022; 
The Royal College of Surgeons of Edinburgh; The Royal College 
of Surgeons of England; Royal College of Physicians and Surgeons 
of Glasgow 2022). Therefore, performance has to be found some-
where else, probably, a greener conscience of surgeons and the un-
derstanding of how much surgery and healthcare can impact the 
environment and support the reduction of CC, which, by the way, 
has a negative impact on health and creates the need for more 
surgical operations in complex settings (Dal Mas et al. 2024).

Leveraging the understanding of “performance,” in this context, 
can drive the individual's intention to use and ultimately boost 
effective use. Therefore, a new academic dialogue about the 
meaning of “green performance” is needed.

5.2   |   Implication 2—Easiness, Training, and new 
Competencies

Results confirmed that high effort demand scares users and acts 
as a barrier to the behavioral intention to use and the effective 

implementation, and that easy-to-implement solutions have 
a positive impact on surgeons' intention to use CC-friendly 
solutions. The current debate on surgery and technology has a 
broader spectrum of analysis, as new technologies require new 
skills and, probably, different mindsets, also considering the 
speed of change of technological paradigms (Bagnoli et al. 2022; 
Dal Mas et al. 2023). Examples can be referred to the use of AI-
based tools, and the difficulties in creating an AI-competent 
surgical workforce, able to showcase knowledge in biomedical 
informatics, business analytics, and maths (Loftus et al. 2021).

The current shortage of healthcare professionals and the in-
creasing workloads (Boniol et al. 2022) stand as relevant barriers 
when it comes to introducing new training, even if the technol-
ogy can bring positive performance. A wider reflection on train-
ing (during medical school, residency, or in lifelong learning 
education), expected learning outcomes, and competency de-
velopment is required, and scientific societies should take the 
lead in supporting a paradigm shift, which includes change 
management, technology, and sustainability as key topics and 
competencies.

5.3   |   Implication 3—Effective Use Has More 
Barriers, but These Should be Limited

Although behavioral intention is a must to promote effective 
use, as said, other elements step into the big picture. Healthcare, 
medicine, and surgery are sensitive and highly regulated fields, 
subject to restricted legal requirements, licensing, accreditation, 
24/7 operational hours (Kamath et al. 2019), privacy, and ethical 
open issues (Cobianchi, Verde, et al. 2022). Such aspects, which 
can hardly be overcome, represent an additional barrier that 
can limit the individual's willingness to adopt new practices, as 
well as the possibility of the hospital/institution to promote or 
facilitate them. Again, the leadership of scientific societies can 
support a paradigm shift, for instance, by establishing and pub-
lishing clinical guidelines embracing sustainable practices and 
naming CC as factors to be taken into account while selecting 
the most feasible treatment or clinical technique. Guidelines 
stand as a powerful tool to promote and facilitate innovation, 
guiding and training medical professionals in the use of tech-
niques, tools, and instruments (World Society of Emergency 
Surgery 2022), offering also ethical and legal protection for both 
physicians and institutions.

5.4   |   Implication 4—The Future Is Green, 
and Woman Matter

Participants of this and other investigations about green surgical 
practices declared great interest in the topic (Dal Mas et al. 2024; 
Harris et al. 2021), affecting their private lives before their pro-
fessional practice. Still, dividing the sample by gender, type of 
institution, role, and experience, it emerges that female surgeons 
are more sensitive than their male colleagues toward the subject 
matter. This result is in line with the general management liter-
ature, which sees female leaders as being more sensitive toward 
sustainability (Ciappei et al. 2023; Glass et al. 2016). Considering 
that women in surgery represent a topical and fascinating theme 
in the medical debate and gender studies (Klifto et  al.  2020; 
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Singh et al. 2020; Stephens et al. 2020), these results are even 
more encouraging to engage female surgeons in hospital and 
scientific societies' leadership, considering the need to promote 
eco-friendly solutions aimed at reducing CC.

6   |   Conclusions

The relationship between CC and healthcare is dangerous. 
Although the effects of CC pose new challenges and needs that 
the healthcare sector must address, the medical field contributes 
extensively to increasing CC due to its carbon footprint. New 
technologies offer various solutions to boost environmental 
sustainability, reducing healthcare's impact on CC. Still, med-
ical doctors are called to become protagonists of such an eco-
revolution, taking into account green clinical options in their 
decision-making.

Our empirical investigation conducted in Europe leveraged the 
TAM framework, highlighting that attitudes toward sustain-
ability in clinical practice are shaped primarily by instrumental 
evaluations of usefulness and ease of use, and that these atti-
tudes, in turn, lead to greater engagement with environmentally 
responsible behavior.

6.1   |   Theoretical Implications

Beyond practical and policy relevance, our findings also advance 
theory. First, by applying the TAM to the context of environmen-
tally sustainable surgery, this study extends TAM to a domain 
where both clinical outcomes and environmental objectives in-
tersect, thus enriching its explanatory power in healthcare sus-
tainability research. Second, the results highlight that perceived 
usefulness in surgery is inherently multidimensional: surgeons 
evaluate not only patient-related outcomes but also the environ-
mental footprint of their choices. This dual conceptualization 
of performance calls for a refinement of TAM constructs when 
studied in highly regulated, sustainability-oriented professional 
fields. Third, the evidence that gender significantly influences 
behavioral intention suggests that individual and institutional 
characteristics can act as moderators in the acceptance of green 
innovations, opening avenues for further theoretical integration 
between TAM and sociodemographic factors. Taken together, 
these insights contribute to bridging technology acceptance the-
ory with the emerging literature on CC, healthcare, and profes-
sional decision-making.

6.2   |   Practical and Policy Implications

Physicians must be willing to embrace technological innova-
tion, knowing that their clinical choices can impact the planet. 
Although the general cultural ambiance promotes environmen-
tal sustainability and the dangers of CC, more needs to be done 
by scientific societies, hospital managers, medical educators and 
trainers, and technology providers. Clinical guidelines promot-
ing greener solutions could help overcome resistance toward 
new options or choices, facilitating also the hospital's or insti-
tution's policies to harmonize such a paradigm shift. New edu-
cational criteria and competency development, seeded into the 

various steps of medical training, could support such change. 
Diversity in the surgical leadership may also promote sensitivity 
toward these topical themes.

6.3   |   Limitations and Future Research Lines

Like most pieces of research, ours has limitations as well. 
Results were grabbed from Europe due to the high and signif-
icant number of respondents reached, thanks to the endorse-
ment of the World Society of Emergency Surgery, a UK-based 
organization. Larger participation and investigation in more 
continents, like Asia and America, could enrich results and 
allow comparisons and an analysis of regulations, policies, 
and educational mindsets. Moreover, although the TAM theo-
retical foundation is still a sound analysis model, other frame-
works and factors may be investigated and tested. Additionally, 
findings must be interpreted considering that the sample was 
unbalanced, having more males than females, a condition that, 
however, as discussed in the methodology section, reflects the 
distribution of the surgeon population. Last but not least, cou-
pling a qualitative approach, e.g., using in-depth interviews or 
case studies, may allow a greater comprehension of the phe-
nomenon and the opportunity to share potential solutions, 
suggestions, or best practices. These limitations offer fascinat-
ing new research avenues to continue the academic debate on 
one of the most topical themes in sustainability, namely CC.
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Appendix I

Questionnaire

Perceived ease of use (PEOU)

PEOU1 Multidisciplinary green teams make it easy to promote 
sustainability/greener clinical practices.

PEOU2 Attending specific training courses makes it easy to 
promote sustainability/greener clinical practices.

PEOU3 Reports of best practices at congresses or events make it 
easy to promote sustainability/greener clinical practices.

PEOU4 Reports of energy consumption or other data make it 
easy to promote sustainability/greener clinical practices.

PEOU5 Digital solutions (e.g., APPs, sensors, smart grid, etc.) 
make it easy to promote sustainability/greener clinical 

practices.

Perceived usefulness (PU)

PU1 I think patients will appreciate greener surgical 
practices.

PU2 I think hospitals and other stakeholders (e.g., financing 
institutions and governments) will appreciate greener 

surgical practices.

PU3 I think patients will have more trust in greener surgical 
practices.

Behavioral intention (BI)

BI1 I will consider sustainability issues in my clinical area 
of activity.

BI2 I think green management should be a priority in all the 
industrial sectors.

BI3 I will consider green management as a priority in my 
medical specialties.

BI4 I will consider green management as a priority in my 
surgical practice.

Usage behavior (UB)

UB1 I have a clear understanding and picture about greener 
clinical practices adopted by my hospital/institution.

UB2 I use green clinical practices as my hospital/institution 
promotes them in general terms.

UB3 I use green clinical practices as my hospital/institution 
uses reusable textiles (including theater hats, sterile 

gowns, patient drapes, and trolley covers).

UB4 I use green clinical practices as my hospital/
institution endorses the reduction of water and energy 

consumption.

UB5 I use green clinical practices as my hospital/institution 
is supplied by firms adopting sustainable practices.

UB6 I use green clinical practices as my hospital/institution 
employs sustainable “inputs” (e.g., from renewable 

sources, and/or made of biodegradable materials, and/or 
coming from recycling processes).

UB7 I use green clinical practices as my hospital/institution 
accurately measures operating room sterile supply 

waste.
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