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HIGHLIGHTS

e Survey study on surgeons' preference for reusable surgical materials.

e Focus on psychological predictors of preference in laparoscopic surgery.
e Materials studied are trocars, clip applicators, drapes, and gowns.

e Responsibility and social norms are key psychological factors.

e Material-specific interventions may best promote reusable material use.

ARTICLE INFO ABSTRACT
Keywords: Making surgical practice more sustainable can substantially reduce healthcare's environmental impact, for
Surgery example by adopting reusable surgical materials. However, a gap exists between surgeons' beliefs about the

Environmental sustainability

! : necessity to reduce this environmental impact and their adoption of reusable materials. This study examines
Surgical materials

psychological factors explaining surgeons' preference for reusable surgical materials in laparoscopic cholecys-

Reusables . . ) i . .
Disposables tectomy, to inform strategies promoting sustainable practice. Secondary analyses were conducted using global
Laparoscopy survey data from 594 surgeons (Mag.=45 years; 70.7% male) in 75 countries. Results showed that for trocars and

surgical drapes, core explanatory variables for choosing reusable over disposable items are beliefs about personal
responsibility for reducing surgical practice's environmental impact, whether changing towards sustainable
surgical practice is perceived to be worth the strain on healthcare, and perceived collegial support. Preference for
reusable clip applicators is statistically predicted by belief in surgical practice's need to reduce environmental
impact, with other relevant variables varying by subsample. Preference for reusable gowns is predicted by beliefs
about the need to reduce environmental impact, whether sustainable change is worth the strain, and perceived
collegial support. Bayesian analysis showed extreme evidence for all models. These results provide stakeholders
with concrete starting points to further examine interventions aimed at promoting sustainable surgical practice.
In conclusion, strengthening perceived collegial support for change towards sustainable surgical practice could
be a viable general strategy to strengthen surgeons' preference for reusable surgical materials. However, the
relative importance of psychological factors differs by material, suggesting interventions tailored to specific
materials will be most effective.
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1. Introduction

The carbon footprint of the healthcare sector has been estimated
around 4 - 5% of global net emissions (Karliner et al., 2020; Lenzen et al.,
20205 Pichler et al., 2019). As such, reducing the environmental impact
of this sector is crucial in mitigating climate change. Surgical practice is
one of the largest contributors to the sector's impact due to its emissions
and waste (Rizan et al., 2020; Shoham et al., 2022). Research into
laparoscopic cholecystectomy (LC) showed that approximately 40% of
this surgery's emission is caused by disposable surgical materials such as
trocars, clip applicators, surgical drapes, and surgical gowns (Comes
et al., 2024). Fortunately, these products have reusable alternatives that
have 40 - 66% lower emissions (Boberg et al., 2022; Eussen et al., 2024;
Lam et al., 2023). Transitioning from disposable to reusable surgical
materials thus has the potential to considerably reduce the environ-
mental impact of healthcare. Yet, surgeons' adoption of reusable surgical
materials in LC is still modest (Eussen et al., 2025).

A global survey (Eussen et al., 2025) observed concerns about the
safe and effective use of reusables in LC. However, a systematic review
(Eussen et al., 2024) showed comparable performance and showed no
higher rate of surgical site infections when using reusables. These
findings are further supported by Overcash and Sehulster (2022), who
found no increase in healthcare-associated infections linked to reusable
textiles. Taken together, these studies indicate reusables are a clinically
safe and environmentally sustainable alternative. The global survey also
showed that, in the context of LC, the availability of reusables is an issue.
Only 52.3% of the participants from the general surgical population
indicated having access to reusable trocars, and less than 30% to reus-
able surgical drapes and gowns (Eussen et al., 2025). However, even
when such alternatives are available, adoption is not straightforward.
For example, Eussen et al. (2025) found that although more than 80% of
surgeons think surgical practice needs to reduce its environmental
impact, less than half of them generally consider this impact when
choosing surgical instruments during LC (Eussen et al., 2025). Under-
standing this discrepancy between sustainable beliefs and behavior is
crucial for designing effective interventions aimed at stimulating sur-
geons' green behavior and, consequently, for the transition towards
sustainable surgical practice. Nonetheless, the explanatory role of psy-
chological factors in decisions about specific reusable materials such as
trocars and surgical drapes remains understudied, particularly among
surgeons (Lingegard et al., 2025). As such, although a variety of factors
could play a role in surgeons’ adoption of reusable materials, the current
study focuses on the role of psychological factors in such behavior.

The current study examines which psychological barriers and facil-
itators explain variation in surgeons' preference for operating with
reusable surgical materials during an LC. Specifically, we aim to
demonstrate which psychological factors statistically predict surgeons'
intention to operate with reusable surgical materials during an LC to
guide efforts aimed at stimulating sustainable surgical practice. The
variables included in this study are inspired by the Theory of Planned
Behavior (Ajzen, 1991; Ajzen and Fishbein, 1977). This is one of the
most influential models in the behavioral sciences and explains behavior
via the intention to adopt that behavior, with intention being preceded
by 1) attitudes towards the behavior, 2) perceived social norms, and 3)
perceived behavioral control. The current study taps into intentions to
use reusable materials when available, and, in line with Eussen and
colleagues (2025), focuses on four key surgical materials used in LC -
trocars, clip applicators, surgical drapes, and surgical gowns. Regarding
predictors of these intentions, the current study focuses on 1) attitudes
by examining surgeons' perceived necessity to reduce the environmental
impact of surgical practice and whether they think such change it's
worth the strain on the health care system, 2) perceived social norms by
examining whether surgeons think their colleagues are generally sup-
portive of change towards more sustainable surgical practice, and 3)
perceived behavioral control by examining whether surgeons think
sustainable change will require much effort on their behalf.
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Additionally, inspired by a proposed extension of the Theory of Planned
Behavior with moral norms (Godin et al., 2005) and a meta-analysis on
the psychology of environmental behavior demonstrating the relevance
of personal norms (Klockner, 2013), we examined surgeons' perceived
responsibility in reducing the environmental impact of surgical practice.

2. Method

We conducted secondary analyses on the data from the global survey
study from Eussen et al. (2025). In this study, 594 surgeons who perform
LC from 75 countries were surveyed about their perspectives on oper-
ating with disposable and reusable surgical materials (i.e., trocars, clip
applicators, surgical drapes, and surgical gowns) during LC. Below, we
report the most relevant information for the present paper. Information
about the dataset is already provided in a previous manuscript (Eussen
et al., 2025). The current cross-sectional study has been reported in line
with the STROCSS (Strengthening The Reporting Of Cohort,
cross-sectional and case-control Studies in Surgery) guidelines (Agha
et al., 2025).

2.1. Procedure

Participants from the general surgical population completed an on-
line survey between May and September 2024. They were recruited via
international conferences (e.g., Surgery Days from the Dutch Society for
Surgery) and newsletters from multiple professional organizations (e.g.,
the Japan Society for Endoscopic Surgery, the European Association of
Endoscopic Surgery, the Society of American Gastrointestinal and
Endoscopic Surgeons, and the Swedish Surgical Society). Participation
was voluntary and participants did not receive compensation.

The current study builds on the final dataset as presented in the
original study (N = 594). As indicated in the original manuscript, a total
of 768 participants started the survey. 174 participants were excluded
for declining consent (n = 18); not practicing as surgical residents, fel-
lows, or attendings (n = 21); missing data on age (n = 34), level of
experience (n = 6), or type of institute (n = 27); or missing data on in-
dependent variables (n = 68). This resulted in the final sample size of
594 surgeons. Note that no formal sample size calculation was con-
ducted due to convenience sampling in an open online survey. The
response rate cannot be determined due to the recruitment method (i.e.,
open online survey).

2.2. Measures

The present paper focuses on a subset of nine survey questions that
are relevant for the aim of this paper (see Table 1 for items and their
descriptive statistics). The original survey items are provided in the
original manuscript (Eussen et al., 2025) and the Online Supplementary
Information (SI; see S1 — Original Survey). Agreement with the survey
items was rated on 5-point Likert scales (Likert, 1932) ranging from
Strongly Disagree (1) to Strongly Agree (5).

2.2.1. Dependent variables

Four items about individual reusable surgical materials served as the
main outcome measures (i.e., dependent variables). Specifically, par-
ticipants were asked if they would choose reusable trocars, clip appli-
cators, surgical drapes, and surgical gowns over disposable ones during
an LC if both were available at their institution (separate questions for
each material).

2.2.2. Independent variables

The five items about psychological factors served as predictor vari-
ables (i.e., independent variables). These items inquired about whether
participants think 1) surgical practice needs to reduce its environmental
impact (NeedReducelmpact), 2) it is their responsibility to reduce the
environmental impact of surgical practice (Responsibility), 3) changing
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Table 1
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Descriptive statistics of the survey items based on the final sample (N = 594), with item 1-5 being independent (predictor) variables.

Item Variable name Survey items Sample size Mean (SD) Me-

nr. n) dian

1 NeedReducelmpact I think surgical practice needs to reduce its environmental impact. 594 429(1.13) 5

2 Responsibility It's my responsibility to reduce the environmental impact of surgical practice. 594 3.96 (1.07) 4

3 NotWorthStrain I think changing towards more sustainable surgical practice is not worth the strain it puts on the health 594 2.32(1.31) 2
care system.

4 MuchEffort I think changing towards more sustainable surgical practice will require a lot of effort on my behalf. 594 3.12(1.13) 3

5 SocialNorm I think my colleagues are generally supportive of changing towards more sustainable surgical practice. =~ 594 3.23(1.05) 3

6 Trocars I would choose reusable trocars over disposable ones during a laparoscopic cholecystectomy if both 536 3.94(1.21) 4
were available at my institution.

7 Clip applicators I would choose reusable clip applicators over disposable ones during a laparoscopic cholecystectomy if 467 424(1.13) 5
both were available at my institution.

8 Drapes I'would choose reusable drapes over disposable ones during a laparoscopic cholecystectomy if both were 441 3.55(1.36) 4
available at my institution.

9 Gowns I would choose reusable gowns over disposable ones during a laparoscopic cholecystectomy if both were 425 3.62(1.44) 4

available at my institution.

Note. Agreement with survey items rated on 5-point Likert scales ranging from Strongly Disagree (1) to Strongly Agree (5).

towards more sustainable surgical practice is not worth the strain it puts
on the health care system (NotWorthStrain), 4) changing towards more
sustainable surgical practice will require a lot of effort on their behalf
(MuchEffort), and 5) their colleagues are generally supportive of
changing towards more sustainable surgical practice (SocialNorm).

2.3. Analyses

Analyses were conducted in R version 2024.04.1 (R Core Team,
2013). We employed Bayesian statistics to evaluate the evidence for
competing models and to select the model most strongly supported by
the data. For readers not familiar with Bayesian statistics, an introduc-
tion in a clinical context can be found in Van der Linden et al. (2021). A
more in-depth comparison between statistical inference using signifi-
cance testing and Bayes factors with psychological case studies is pro-
vided by Dienes and Mclatchie (2018).

In the current study, we conducted Bayesian regression analyses
using the regressionBF function from the package BayesFactor version
0.9.12-4.7 (Morey and Rouder, 2024) to examine which combination of
psychological factors (i.e., survey items) was most strongly supported by
the data in predicting the dependent variable (e.g., choosing reusable
trocars), based on Bayes Factor (BFip). This analysis evaluates the
strength of evidence of each model compared to the null model (i.e.,
intercept only). In these analyses, we used a conservative,
non-informative prior (Jeffreys-Zellner-Siow [JZS]; default prior). The
Bayes Factor value is interpreted in accordance with Jeffreys (1961),
with BFjp = 1 indicating no evidence, BF1p 1 < BF < 3 anecdotal evi-
dence in favor of the alternative model, BF1g 3 < BF < 10 moderate
evidence, BF1y 10 < BF < 30 strong evidence, BF19 30 < BF < 100 very
strong evidence, and BF;g > 100 extreme evidence. After selecting the
best model, posterior sampling with 10,000 iterations is conducted to
obtain the required parameters. In the results section, the mean of the
posterior estimates can be interpreted as the expected change in the
dependent variable (i.e., survey item on choosing reusable materials on
a 5-point scale) for a one-unit increase in the independent variable (i.e.,
psychological factor). The dataset and R code is made available via OSF
(https://osf.io/uagyx/).

The main analyses reported in this manuscript were conducted using
listwise deletion of participants with missing values on the dependent
variable (separate for each of the surgical materials; sample size re-
ported in Table 1). This approach allowed us to remain close to the
observed data and not introduce assumptions required for imputation.
Additionally, we conducted sensitivity analyses with the subsample of
participants who answered the dependent variable questions for each of
the four surgical materials (i.e., 425 participants who answered these
questions up to and including surgical gowns). Such sensitivity analyses
provide insight into whether differences can be observed depending on

attrition during the survey and thus into the robustness of our findings.
Moreover, we conducted sensitivity analyses based on the availability of
reusable materials. This subsample included only participants who
indicated that, during an LC, the reusable alternatives to the disposable
materials are either currently available at their institute or had been
used by them in the past at the same and/or a different institute. This
subsample reflects a group with experience with reusable alternatives
being available. As such experience can affect responses on the depen-
dent variables, these sensitivity analyses again provide insight into the
robustness of our findings.

3. Results
3.1. Participants

As reported by Eussen et al. (2025), the final sample consisted of 594
surgical attendings, fellows, and residents from 75 countries. Partici-
pants had an average age of 45 years (SD = 11.2) and 70.7% identified as
male. 48.1% had more than 10 years of experience and 45.3% indicated
working in an academic hospital. Details about the research sample are
provided in the original manuscript (Eussen et al., 2025) and the Online
Supplementary Information (see S2 — Research Sample Questions and
Results).

3.2. Results for different surgical materials

The following paragraphs present the results for the individual sur-
gical materials included in the survey. Table 2 at the end of the results
section provides a summary of these results.

3.2.1. Trocars

Model comparison using Bayes factors indicated that the strongest
explanatory model for choosing reusable over disposable trocars in LC
included the following variables: the belief that surgical practice needs
to reduce its environmental impact (NeedReducelmpact), that they are
personally responsible for reducing its environmental impact (Re-
sponsibility), that changing towards more sustainable surgical practice is
not worth the strain on the healthcare system (NotWorthStrain) and that
colleagues would generally support change towards more sustainable
surgical practice (SocialNorm). Results showed extreme evidence for this
model, with a Bayes Factor of 7.84 x 10'*. Posterior estimates indicated
that stronger agreement with the item about the need to reduce surgical
practice's environmental impact (Mean = 0.152, 95% CI [0.030,
0.276]), greater sense of personal responsibility (Mean = 0.195, 95% CI
[0.066, 0.324]), and a stronger perceived social norm (Mean = 0.110,
95% CI [0.019, 0.204]) were positively associated with choosing reus-
able over disposable trocars in LC. In contrast, the belief that changing
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Table 2
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Summary of bayesian regression results (main analyses) for preferences for reusable over disposable surgical materials.

Item Variables in Best Model
(bold = robust)

Bayes Factor (BF;() and

interpretation strongest)

Positive Relations (bold = relatively

Negative Relations Variance Explained

(Bayesian Rz)

- NeedReducelmpact (Mean = 0.152,
95% CI [0.030, 0.276])

- Responsibility (Mean = 0.195, 95%
CI [0.066, 0.324])

- NotWorthStrain (Mean = —0.153,
95% CI [-0.226, —0.0801)

14.3% (95% CI
[3.4%, 24.0%])

- SocialNorm (Mean = 0.110, 95% CI
[0.019, 0.204])

- NeedReduceImpact (Mean = 0.192,
95% CI [0.105, 0.280])
- SocialNorm (Mean = 0.097, 95% CI

- MuchEffort (Mean = —0.111, 95%
CI [-0.198, —0.025])

5.8% (95% CI
[-6.9%, 17.1%])

[0.004, 0.193])

- Responsibility (Mean = 0.178, 95%
CI [0.066, 0.292])
- SocialNorm (Mean = 0.137, 95% CI

- NotWorthStrain (Mean = —0.105,
95% CI [-0.197, —0.013])

4.6% (95% CI
[-8.8%, 16.5%])

[0.021, 0.256])

Trocars - NeedReducelmpact 7.84 x 10'* (Extreme
- Responsibility evidence)
- NotWorthStrain
- SocialNorm
Clip Appli- - NeedReduceImpact 6449.103 (Extreme
cators - MuchEffort evidence)
- SocialNorm
Drapes - Responsibility 252.484 (Extreme
- NotWorthStrain evidence)
- SocialNorm
Gowns - NeedReducelmpact 56,598.77 (Extreme
- NotWorthStrain evidence)
- SocialNorm

- NeedReducelmpact (Mean = 0.134,
95% CI [0.020, 0.249])
- SocialNorm (Mean = 0.225, 95% CI

- NotWorthStrain (Mean = —0.189,
95% CI [-0.288, —0.089])

7.1% (95% CI
[-6.0%, 18.8%])

[0.101, 0.350])

towards more sustainable surgical practice is not worth the strain on the
healthcare system was negatively associated with choosing reusable
over disposable trocars in LC (Mean = —0.153, 95% CI [-0.226,
—0.0801). The model explained approximately 14.3% of the variance in
preferences for reusable trocars (95% CI [3.4%, 24.0%]).

Sensitivity analyses without participants who dropped out, identified
a 3-variable model with the variables Responsibility, NotWorthStrain, and
SocialNorm as the strongest explanatory model (BFio = 7.01 x 10
extreme evidence for this model). This indicates that the explanatory
value of NeedReducelmpact is strongest for surgeons who completed the
survey questions about each surgical material. Nevertheless, extreme
evidence was also found for the 4-variable model as reported above
(BFyo = 2.72 x 10'9). Sensitivity analyses based on availability also
identified the 4-variable model as reported above as the strongest
explanatory model (BFjy = 5.95 X 1010; extreme evidence for this
model). Note that the latter identified a 5-variable model that also
included the variable MuchEffort as the second strongest explanatory
model (BF1g = 5.84 x 1010; extreme evidence for this model), showing
comparable explanatory value between these models. Taken together,
results regarding trocars indicate that choosing reusable over disposable
trocars in LC is statistically predicted by a diverse set of psychological
variables, with Responsibility, NotWorthStrain, and SocialNorm likely
being the core explanatory variables.

3.2.2. Clip applicators

Results indicated that the strongest explanatory model for choosing
reusable over disposable clip applicators in LC included the following
variables: the belief that surgical practice needs to reduce its environ-
mental impact (NeedReducelmpact), that changing towards more sus-
tainable surgical practices would require considerable personal effort
(MuchEffort), and that colleagues would generally support change to-
wards more sustainable surgical practice (SocialNorm). Bayes Factor
again showed extreme evidence for this model (BF;9 = 6449.10). Pos-
terior estimates indicated that stronger agreement with the need to
reduce surgical practice's environmental impact (Mean = 0.192, 95% CI
[0.105, 0.280]) and a stronger perceived social norm (Mean = 0.097,
95% CI [0.004, 0.193]) were positively associated with choosing reus-
able over disposable clip applicators in LC. Conversely, stronger agree-
ment with the belief that changing towards more sustainable surgical
practice would require considerable personal effort was negatively
associated with choosing reusable over disposable clip applicators in LC
(Mean = —0.111, 95% CI [-0.198, —0.025]). The model explained
approximately 5.8% of the variance in preferences for reusable clip
applicators (95% CI [-6.9%, 17.1%]).

Sensitivity analyses without participants who dropped out supported

the robustness of these findings, by also indicating this 3-variable model
has most explanatory power (BF;o = 1325.26; extreme evidence for this
model). However, sensitivity analyses based on availability identified a
model with only NeedReducelmpact as the strongest explanatory model
(BFy0 = 77.12; very strong evidence for this model). These findings show
that the explanatory value of MuchEffort and SocialNorm is stronger for
surgeons who have no prior experience with the availability of reusable
clip applicators. Taken together, results regarding clip applicators
indicate that although choosing reusable over disposable clip applica-
tors in LC is statistically predicted by NeedReducelmpact, MuchEffort, and
SocialNorm, the variable NeedReduceImpact is likely to be the core
explanatory variable.

3.2.3. Drapes

Model comparison indicated that the strongest explanatory model
for choosing reusable over disposable drapes in LC included the
following variables: the belief that they are personally responsible for
reducing the environmental impact of surgical practice (Responsibility),
that changing towards more sustainable surgical practice is not worth
the strain on the healthcare system (NotWorthStrain), and that col-
leagues would generally support change towards more sustainable sur-
gical practice (SocialNorm). Similar to the previous surgical materials,
results showed extreme evidence for this model (BFg = 252.48). Pos-
terior estimates indicated that a greater sense of personal responsibility
(Mean = 0.178, 95% CI [0.066, 0.292]) and a stronger perceived social
norm (Mean = 0.137, 95% CI [0.021, 0.256]) were positively associated
with choosing reusable over disposable drapes in LC. In contrast, the
belief that changing towards more sustainable surgical practice is not
worth the strain on the healthcare system was negatively associated with
choosing reusable over disposable drapes in LC (Mean = —0.105, 95% CI
[-0.197, —0.013]). The model explained approximately 4.6% of the
variance in preferences for reusable drapes (95% CI [-8.8%, 16.5%]).

Results from sensitivity analyses supported the robustness of these
findings. Specifically, analyses without participants who dropped out
also indicated this 3-variable model to be the strongest explanatory
model (BFj9 = 71.73; very strong evidence for this model). Sensitivity
analyses based on availability indicated strong evidence for this model
(BF19 = 15.21). Note that the sensitivity analysis based on availability
indicated that a model including only the variables NotWorthStrain and
SocialNorm was the strongest explanatory model, yet the difference in
the Bayes Factors value was minimal (BF;o = 15.36). Taken together,
results regarding surgical drapes indicate that Responsibility, NotWorth-
Strain, and SocialNorm are the core explanatory variables for choosing
reusable over disposable drapes in LC.
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3.2.4. Gowns

Results indicated that the strongest explanatory model for choosing
reusable over disposable gowns in LC included the following variables:
the belief that surgical practice needs to reduce its environmental impact
(NeedReducelmpact), that changing towards more sustainable surgical
practice is not worth the strain on the healthcare system (NotWorth-
Strain), and that colleagues would generally support change towards
more sustainable surgical practice (SocialNorm). Results again showed
extreme evidence for this model (BFo = 56598.77). Posterior estimates
indicated that stronger agreement with the need to reduce surgical
environmental impact (Mean = 0.134, 95% CI [0.020, 0.249]) and a
stronger perceived social norm (Mean = 0.225, 95% CI [0.101, 0.350])
were positively associated with choosing reusable over disposable
gowns in LC. Conversely, the belief that changing towards more sus-
tainable surgical practice is not worth the strain on the healthcare sys-
tem was negatively associated with choosing reusable over disposable
gowns in LC (Mean = —0.189, 95% CI [-0.288, —0.089]). The model
explained approximately 7.1% of the variance in preferences for reus-
able gowns (95% CI [-6.0%, 18.8%]).

Sensitivity analyses based on availability also indicated this 3-vari-
able model to be the strongest explanatory model (BF;o = 1256.80;
extreme evidence for this model), supporting the robustness of the
model. As this was the last surgical material in the survey, no sensitivity
analysis was performed to examine possible attrition effects. Thus, re-
sults regarding surgical gowns show that NeedReducelmpact, NotWorth-
Strain, and SocialNorm are the core explanatory variables for choosing
reusable over disposable gowns in LC.

4. Discussion

Using data from a global survey of a large and diverse surgeon
sample from 75 countries, this study demonstrates which psychological
factors statistically predict surgeons' preference to operate with reusable
surgical materials (i.e., trocars, clip applicators, drapes, and gowns)
during a laparoscopic cholecystectomy (LC). Our findings show that
both internal motivators such as beliefs about personal responsibility to
reduce the environmental impact of surgical practice and more practical
concerns such as perceived effort of sustainable change explain variation
in surgeons’ preferences for reusable surgical materials. The importance
of these different barriers and facilitators varies with the type of in-
strument. We begin by presenting overarching findings that apply across
surgical materials, before discussing findings for individual surgical
materials.

Overall, our findings suggest that perceived social norms statistically
predict surgeons' preferences across all surgical materials examined in
this study. Specifically, stronger perceived support from colleagues for
changing towards more sustainable surgical practice consistently pre-
dicted surgeons’ preferences for reusable materials. This finding aligns
with research into barriers and facilitators to sustainable operating
theatres that found social influence to be important (Almukhtar et al.,
2024; Harris et al.,, 2021) and consistent with research into other
pro-environmental behavior (Helferich et al., 2023; Klockner, 2013;
Schneider and van der Linden, 2023). Taken together, this points toward
the importance of the social context in which the transition towards
sustainable surgical practice occurs. Although the cross-sectional data
does not allow for causal interpretation, these findings suggest that
strengthening perceived social norms surrounding sustainable surgical
practice is a viable strategy towards stimulating sustainable surgical
practice. A possible path towards such change could be to make collegial
support explicit, for instance within organizations or through profes-
sional associations and/or specialist societies. However, although
robust, perceived social norm was not the strongest predictor of pref-
erence for trocars, clip applicators, and surgical drapes, suggesting that
strengthening social norms is not necessarily the most effective pathway
to strengthen preferences for sustainable surgical materials in LC (see
also the paragraph on individual surgical materials discussed later in the

Journal of Cleaner Production 546 (2026) 147796

Discussion).

Findings also show that beliefs about changing towards more sus-
tainable surgical practice not being worth the strain it puts on the
healthcare system is a robust explanatory factor for surgeons’ preference
for reusable materials in LC. The negative association between this
variable and preference suggests that some surgeons may perceive
transitioning towards more sustainable surgical practices to conflict
with primary healthcare processes, which might be a barrier to sus-
tainable behavior. However, research into a trial period with reusable
surgical drapes showed very high levels of staff satisfaction and support
for ongoing use (Snow et al., 2025), suggesting that clinical usage might
alter the perceived strain of sustainable change.

Interestingly, although beliefs about personal responsibility to
reduce the environmental impact of healthcare statistically predicted
surgeons' preference for reusables only in the context of trocars and
drapes, this factor does appear to be a relatively large explanatory
variable for those two surgical materials. This suggests that addressing
surgeons' personal responsibility might be a viable pathway to more
sustainable surgical practice in relation to these specific materials. The
feasibility of this pathway is further underlined by a previous survey
study showing that almost 90% of surgeons think they have a re-
sponsibility to be aware of the environmental impact of surgical services
(Harris et al., 2021). Environmental concern in the form of beliefs about
the necessity for surgical practice to reduce its environmental impact
also accounted for variation in surgeons’ preference for reusables in the
context of trocars, clip applicators, and surgical gowns, although this
relation was robust only for the latter two.

To this date, research into predictors of adopting reusable surgical
materials has predominantly focused on instrumental factors such as
comfort (Harding et al., 2024; Yap et al., 2023), and the current study
contributes to this literature by showing how psychological factors
explain preferences for reusables. Moreover, our overarching findings
indicate that depending on the type of surgical material, different psy-
chological factors are of relevance. Consequently, we argue that
although broader strategies could strengthen surgeons’ preference for
multiple reusable surgical materials simultaneously (e.g., intervention
to strengthen perceived social norm for sustainable change via organi-
zation or professional associations), initiatives tailored to individual
surgical materials used in LC are likely most effective in accelerating the
transition towards sustainable surgical practice. This is in line with
previous research into strategies to implement reusable textiles in sur-
gical practice (Ledda et al., 2025).

Regarding individual surgical materials, our findings suggest specific
ways forward to strengthen preferences for sustainable surgical mate-
rials in LC. For trocars, it appears a viable pathway to address surgeons'
personal responsibility for reducing the environmental impact of sur-
gical practice. The most viable pathway seems to combine this with
addressing concerns about whether sustainable change will be worth the
strain it puts on healthcare. For clip applicators, it seems important to
focus on internal motivators, specifically on beliefs about whether sur-
gical practice needs to reduce its environmental impact. For surgical
drapes, addressing surgeons’ personal responsibility for reducing the
environmental impact of surgical practice and strengthening social
norms around sustainable change appears a viable pathway to
strengthen preferences for reusables in LC. Finally, for surgical gowns,
findings suggest that it is important to address social norms around
sustainable change and concerns about whether sustainable change will
be worth the strain it puts on healthcare.

Taken together, this study shows that interventions aimed at stim-
ulating sustainable surgical practice should ideally be tailored to rele-
vant psychological factors. However, generally, effective interventions
may target multiple psychological factors simultaneously by combining
education with reflection on social norms such as collegial support and
personal values such as responsibility. In order to further increase
effectiveness, this should be complemented with practical support dur-
ing implementation to address practical concerns such as perceived
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effort and possible strain. Note that the psychological scope of the cur-
rent study leads us to focus on psychological variables, yet interventions
are presumed most effective when also incorporating insights about
patient safety outcomes and favorable environmental and economic
impact of reusables (e.g., Eussen et al., 2024). Moreover, in addition to
reducing the use of disposable surgical materials, factors such as the air
refreshment cycle and the type of anesthesia play an important role in
sustainable surgical practice (Comes et al., 2024). Although this study
does not specifically address these aspects, their impact on sustainable
surgery is also substantial and should therefore be considered in future
research.

The most important limitations of this study relate to the represen-
tativeness of the research sample and the causality of the relationships
observed in this study. As the representativeness of the research sample
for the global surgeon population cannot be determined, it is unknown
whether the surgeons who completed this survey represent the global
surgeon population in terms of characteristics such as age, gender,
hospital type, and work experience. This also applies at the country
level: although the sample includes surgeons from 75 countries, par-
ticipants originated mainly from Europe, which may limit global
representativeness and affect attitudes shaped by cultural, economic, or
regulatory contexts. For example, differences in local practices
regarding the reuse of single-use surgical devices between Croatia
(Mihanovic et al., 2021) and Taiwan (Lee et al., 2025) demonstrate the
importance of local contexts and underscore that it remains unknown
whether the results of the current study can be generalized to the global
surgeon population. Furthermore, given the cross-sectional nature of the
data employed in this study, the findings cannot be interpreted as causal
and should be interpreted as statistical associations rather than causal
predictors. For example, while results suggest that perceived social
norms predict surgeons' preference for reusable materials in LC, this
could also apply the other way around: That surgeons’ preference for
reusable materials in LC predicts how they perceive the social norms
regarding this preference. Consequently, the results of this study provide
an important starting point for designing initiatives aimed at increasing
the use of reusable surgical materials during LC, yet experimental
research is required to establish causal directions of relations before
implementing interventions.

Finally, although our findings show that the psychological factors
examined in this study contribute to explaining variance in surgeons'
preference for sustainable surgical materials, it should be noted that the
variance explained by the models was relatively modest. This is typical
in human behavioral models and does not indicate weak practical sig-
nificance (0Ozili, 2023). However, it does indicate that additional factors
underly surgeons' preferences, and future research should investigate
other variables to provide a more comprehensive account of preferences.
For instance, previous research showed misconceptions about gowns
serving as personal protective equipment and instrumental factors such
as comfort are important for attitudes towards reusable gowns (Harding
et al., 2024; Yap et al., 2023). Future research could integrate instru-
mental and psychological factors to obtain a more complete picture.
Moreover, research into other pro-environmental behavior showed that
habits and perceived behavioral control are direct predictors of
behavior, and such factors could also be important in the context of
surgical practice (Helferich et al., 2023; Klockner, 2013; Schneider and
van der Linden, 2023). Future material-specific research should also
include survey items tapping into psychological factors that are tailored
to the specific behavior of interest. That is, the variables included in this
study were phrased quite general, while behavioral science literature
showed that attitudes toward a specific behavior (e.g., ‘I think operating
with reusable trocars in LC will require a lot of effort on my behalf’) are
better behavioral predictors than general attitudes such as those
included in this study (Ajzen, 1991; Albarracin et al., 2024; Trope and
Liberman, 2010). As such, we acknowledge that the use of general
survey items could have reduced the predictive strength of the outcome
measures in this study, and that future research with material-specific
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measures will presumably better predict surgeons' preferences for
reusable surgical materials.

5. Conclusion

This study shows that psychological factors such as perceived per-
sonal responsibility for sustainable change and social norms surround-
ing such change are associated with surgeons' preference for reusable
over disposable surgical materials in laparoscopic surgery. As such, this
study provided insight into psychological factors that can potentially be
leveraged to accelerate the transition towards sustainable healthcare.
For practical reasons, it might be preferable to adopt general strategies
that target multiple psychological factors simultaneously, in which case
strengthening the perceived collegial support for change towards sus-
tainable surgical practice seems a viable strategy. However, since our
findings show that the most important psychological factors differ be-
tween surgical materials, we argue that tailoring interventions to
strengthen surgeons' preference for sustainable surgical materials to
different materials is likely to be most effective. As we provide insight
into the relative importance of different psychological barriers and fa-
cilitators for surgeons’ preference for reusables, stakeholders can use our
findings as a first step towards designing tailored interventions. Future
material-specific research should examine additional psychological
predictors and establish causal directions to further guide stakeholders
in designing interventions and policy towards sustainable surgical
practice.
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