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When the action is "hybrid”-ethical challenges of
the emerging technologies in the operating room

Luca Valera?, Maria Jesus lrarrdzaval ® 3 & Mauricio Gabrielli3®

The paper addresses some ethical issues arising from the interaction between surgeons and
emerging technologies in the Operating Room (OR). We argue that introducing new tech-
nologies capable of performing some functions performed by the surgeon “autonomously”
may transform the doctor-patient relationship, which is no longer direct, but “mediated” by
autonomous devices. On the one hand, the patient is inserted in a “hybrid” environment, in
which decision-making is hybrid as well: many of the actions take place almost independently
of the presence (or action) of a human being. On the other, the surgeon is constantly under
observation and his/her responsibility may be partially reduced. All of this implies new ethical
reflections and challenges to the healthcare environment. To explain these changes and the
need for a new ethical outlook, we consider three cases where emerging technologies have a
crucial and sometimes controversial role in the OR: (1) the case of audio and panoramic video
recording in the OR; (2) the case of the impact of artificial intelligence on surgical decision
making; (3) the case of robotic-assisted tele-surgery. The new actions carried out through
emerging technologies in the OR imply, thus, a change in our ethical outlook. To do so, we
must first rethink the paradigm of technology we are using: following the post-
phenomenological reflections, we argue that technologies are not just the “means” we use
but the environments we interact with. This entails the idea of a “hybrid” responsibility and,
therefore, a different assessment of the possible consequences of the actions.
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Introduction. Emerging technologies in the operating room and new ethical challenges

he introduction of highly complex technologies in the

Operating Room (OR) is generating high expectations at

the technical level (Andras et al, 2020) but also raising
some ethical questions (Datteri and Tamburrini, 2009) concern-
ing both the use of these technologies and the new scenarios they
are generating. Moreover, we must consider that the use of
robotic surgery devices is becoming increasingly frequent, with
more than one million surgeries performed with robots each year
(Goldberg, 2023). Such quantitative growth could imply a qua-
litative change in many aspects of medical practice.

Indeed, these devices are challenging our traditional ethics
since they concern new conceptions of “autonomy, responsibility,
[and] distributive justice” (Datteri and Tamburrini, 2009). Even
though this is not new, as Ewing et al. pointed out, during the last
few years something has changed: these technologies are not
simply “instruments to enhance the performance of and extend
the capabilities of the hand” (Ewing et al., 2004), but something
that, in most cases, goes (or should go) beyond human control
(Ewing et al., 2004). This paper will discuss some ethical chal-
lenges and problems emerging from these technologies in the OR.
Moreover, we will outline a possible hermeneutic paradigm to
interpret the interaction with these devices, which can sub-
stantially change the physician/patient relationship.

To do so, we need a preliminary classification of those devices
in order to offer more straightforward ethical considerations.
Thus, we may use two kinds of classifications: (1) a classification
based on their use; and (2) a categorization centered on their
independence from human interventions. The first one is more
readily accepted, as it depends on the context of their use and the
main aim of the medical team. Following this taxonomy, we may
identify robotic devices for surgery, diagnosis, rehabilitation,
prosthetics, assistance to disabled and elderly people, and so on
(Andras et al,, 2020). Concerning the second criterion, which
relies on the functions implemented by the robots regardless of
human intervention, we can distinguish three main categories: (1)
controlled systems (i.e., those entirely depending on human
actions and translating them into precise movements); (2) semi-
automatic systems (i.e., those constraining human movements);
and (3) automatic systems (ie., those performing an activity
directly after being programmed by a human operator) (Moustris
etal., 2011). In this paper, we will mainly focus on robots used for
surgical purposes in the OR: two main kinds of robotic surgeries
emerge, that is, “robotic-assisted surgery” (via controlled and
semi-automatic systems) and “autonomous robotic surgery” (via
automatic systems) (O’Sullivan et al, 2019). A distinction is
needed here: autonomous is not the same as automatic. Indeed,
“automatic behaviors are completely predictable, as they follow
well-established theories, either deterministic or probabilistic.
[...] An autonomous system, by contrast, is able to make large
adaptations to a change in external conditions by planning its
tasks” (Attanasio et al., 2021, 652). In this sense, autonomous
systems come significantly closer to human capabilities, while
automatic systems do not.

Anyway, a preliminary definition is needed to offer a proper
ethical evaluation: what are we talking about when we refer to
“emerging technologies” Even more, concerning the subject of
this paper, what features do surgical robots have, and what kind
of relationship can we engage with them? In brief, we are won-
dering about the technology paradigm we are employing and,
consequently, whether anything changes in the OR through the
introduction of these technologies. We will try to answer these
questions in the following sections.

In the following, we will introduce some preliminary ethical
challenges concerning robotic surgery (“Surgical robots and
emerging technologies in the OR: Some relevant changes”),
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presenting three cases where the ethical assessment is particularly
needed (“APVR in the OR”-“The Robotic-Assisted Surgery
(RAS)”); finally, we will outline some considerations about the
concept of autonomy it is currently used, as well as the paradigm
of technology employed, and introduce a possible new one, which
would allow us to address the current ethical challenges and pose
new questions about future scenarios (“Emerging technologies are
our environment” and “What kind of autonomy?”).

This paper advances three central claims. First, operating room
(OR) technologies should be conceptualized as environments that
actively shape human actions and relationships, rather than as
mere tools. Second, this reconceptualization necessitates viewing
responsibility in the OR as hybrid or distributed across multiple
human and non-human agents, rather than attributing it solely to
individuals. Third, implementing this perspective in practice
requires the development of governance mechanisms capable of
addressing the ethical and legal complexities of technologically
mediated medicine. In advancing these claims, we build on but go
beyond the frameworks of Floridi and Verbeek by oper-
ationalizing the notion of technological environments and linking
it to concrete regulatory strategies.

Finally, a methodological note is needed. This paper adopts a
conceptual ethics approach. Rather than presenting empirical
data, it develops a normative analysis informed by selected
illustrative cases (e.g., robotic-assisted surgery, audio/panoramic
video recording, and Al-based decision-support systems). This
perspective enables us to clarify key conceptual distinctions,
identify the primary ethical and legal challenges raised by these
technologies, and propose ethical frameworks for their respon-
sible implementation.

Surgical robots and emerging technologies in the OR: some
relevant changes

When we outline an ethical assessment of medical practice -e.g., a
surgery— we usually consider different features of the action:
the physician’s aim; the patient’s aim; the circumstances (i.e., the
means used, place, time, the possible consequences...); and the
action itself. All these features concern the “old” idea of medicine,
where the physician/patient relationship was direct and
“immediate.” However, the issue completely changes if we con-
sider modern medicine —or at least a part of it, ie., High-Tech
Medicine. The means used to develop an action (e.g., a surgery) is
no longer just an “unresponsive” tool; in this sense, it cannot be
entirely dependent on humans. While current surgical robots are
strictly teleoperated by physicians and do not act independently,
scholars have pointed out that future developments may enable
them to “act autonomously,” at least in certain circumscribed
tasks (Capelli et al, 2023). In this prospective sense, one can
imagine surgical actions performed cooperatively by two agents:
the physician and the robot. Such scenarios allow us to speak of
human “mediated” actions (and relationships) (Verbeek, 2016).!
This consideration implies at least three consequences, which
open up three different scenarios.

First, the paradigm shift described above infers a new form of
ethically assessing human responsibilities concerning the con-
sequences of the actions (in our case, the surgery): “What hap-
pens if an autonomous robot commits a surgical error? Many
people could be held responsible in a court of law, but who should
be?” (O’Sullivan et al,, 2019). The idea of hybrid (or distributed)
actions and responsibilities clearly emerges (Floridi, 2015). We
are not assuming that robots are moral agents, yet: we are only
stating that the (partial) independence of these devices generates a
complex scenario where moral agency itself should be “under-
stood as a fundamentally hybrid affair” (Verbeek, 2014;
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Valera, 2022), thus generating an “intricate web of reciprocity”
instead of a “linear chain” of causality (Jonas, 1979). In this
regard, the physician/patient relationship changes dramatically
since the patient is simultaneously relating with the robot and the
medical team. At most, we may state that the robot is a significant
part of the medical team itself. Here, we are concerned with semi-
autonomous robots (Ficuciello et al., 2019).

A second related point is the effective independence of the
robots, as suggested. Due to Machine Learning (ML), these
devices may evade human control, emancipating them from the
master/slave control mode, which enables surgeons to control
the entire procedure (Ficuciello et al., 2019). In this regard, the
physician may (partially) lose control over the robot, which
should create and suggest new opportunities and alternative
procedures. In this case, the autonomous robot is the main
subject of the surgical procedure, and the surgeon is quite irre-
levant in the course of action. As Ma et al. (2020, Fig. 1) suggest,
at present, this is only a hypothetical scenario, even though “the
intersection of ML and robotics-derived ‘big data’ is a rapidly
evolving area of study” (Ma et al. 2020), implying quick changes
and further developments.

Lastly, the surgeon assumes a new role in the OR. Not only
does he/she cooperate with a technological device—e.g., the robot
—but he/she can also be controlled and supervised by the devices
themselves. This is the case of Audio and Panoramic Video
Recording (APVR), where the medical team is constantly sur-
veilled by cameras and microphones. This has some benefits,
obviously, but it also creates ethical and legal concerns (Gabrielli
et al,, 2021), mainly concerning the ethics of surveillance and the
legal features regarding Big Data. Indeed, the AI society can be
defined as the panoptic society (Elliott, 2021).

All these challenges are transfiguring the OR environment and
the different relationships between the individuals there. Both the
patients and the surgeons are involved in a hybrid environment
characterized by multiple interactions. Decision-making is hybrid
as well: most actions (i.e., assisted surgical procedures, image
analysis for navigation, evaluation, diagnosis, or treatment deci-
sions) take place almost independently of the presence (or action)
of a human being. This fact implies some emerging ethical
challenges. To show them, we introduce three examples of
technologies embedded in the OR.

Operational mapping of cases, autonomy levels, and govern-
ance. Before doing this, it is worth showing very briefly how
current legal frameworks are adapting to surgical robotics and AL
A need for new legislation in this field is emerging, indeed. For
example, according to Biasin et al, (2024), the EU’s Medical
Device Regulation (MDR) and forthcoming AI Act impose new
requirements on Al-based medical systems, focusing on safety,
transparency, and human oversight (Ebers, 2024). The com-
plementary EU Machinery Regulation also ensures conformity
for robotic machinery (Aboy et al., 2024; Mahler, 2024). In the
US., Lee et al. (2024) classify FDA-approved surgical robots
under the LASR framework, highlighting that most remain at
Level 1 (robot assistance), though conditional autonomy is
emerging. Moreover, the IDEAL framework, as described by
Marcus et al. (2024), provides a staged approach to surgical
innovation, accounting for learning curves and long-term out-
comes (McCulloch et al., 2024). Yet, as Ludvigsen and Nagaraja
(2022) argue, liability laws lag behind, especially regarding
cyberattacks and software failures, which blur the line between
safety and security. Together, these legal and ethical frameworks
shape a complex but evolving regulatory landscape we should
consider: indeed, emerging policies must continue adapting
alongside these disruptive technological advances.

APVR in the OR

Over the past ten years, APVR in the OR has gained public and
industry attention. Surgeries can now be watched later by the
surgical patient and used for trainees’ education, training, and
development (Walsh et al., 2023). The most attractive aspect is
the potential benefit of allowing critical analysis of the perfor-
mance of healthcare personnel in the OR, which grants objective
and tailored actions to every individual involved to improve the
outcome concerning the quality of care.

In response to the need to make the OR a more open envir-
onment, surgical video recordings in conjunction with artificial
intelligence enable the creation of a new tool: the Operating
Room Black Box (ORBB), a multiport and synchronized analytic
platform that continuously records and collects information from
the patient and everything that happens in the OR, regarding the
staff’s technical and non-technical performance. Most surgical
communities nowadays rely on retrospective analysis of self-
reported data from morbidity and mortality, and this kind of
analysis is limited by recall bias, low compliance, and lack of
details (Jung et al., 2020). In contrast, with the ORBB, a team of
experts supported by Al programs analyzes and determines the
possible concrete situations to improve the behavior of every
person involved in the procedure, be it the surgeon, nurse, or any
other staff working in the OR (Goldenberg et al., 2017). This will
undoubtedly open up a new universe of possibilities in terms of
the ethical and legal implications of these technologies: it should
be possible for a machine using AI to determine the mistakes
made by the surgeon or, on the contrary, the best way for the
surgeon to improve his/her performance during the subsequent
surgery. To what extent, thus, will a surgeon have to rely on the
analysis of his/her behavior performed by the ORBB? What
would happen if the ORBB supported by AI and ML determines
that a certain action should be performed, which triggers an error
that causes the death of a patient? Should we consider the surgeon
the only one responsible for that mistake, or could some degree of
responsibility be attributed to the machine? (Verbeek, 2016;
Fosch-Villaronga, 2023, 568).

The feasibility of the implementation of the ORBB has been
addressed previously by other authors, and they have identified
possible barriers (Mgller et al., 2023). The principal reasons for
staff to decline to participate in this project were concerns about
data security, deidentification, and legal issues (Moller et al.,
2023). There are lots of concerns over the ethical and legal
implications of surgical video recording and the resulting data
processing (Gabrielli et al.,, 2021). The legal aspects have been
discussed elsewhere, providing legal frameworks, but the ethical
implications have been discussed less (Walsh et al., 2023).

For example, when the staff works in the OR, they talk about
the patient and their private lives: this aspect has been shown to
improve both the work environment and the overall perfor-
mance of the surgical team. What happens when the entire team
knows they are being surveilled while working? How will this
affect their performance? Finally, how will this affect the sur-
geon’s behavior if he/she knows that the patient may request the
complete recording of his/her procedure later on? (Gabrielli
et al.,, 2021). This is known as the “observer effect,” which is
defined as a change in normal behavior when individuals are
aware they are being observed (Walsh et al., 2023). Nevertheless,
some authors compared the ability of video and live observation
to promote operating room teamwork and determined that video
observations may not be as effective as evaluating live perfor-
mance (Bui et al., 2018). Maybe because OR staff, after the first
cases, forget they are being recorded. Indeed, as Gabrielli et al.
(2021) argue, “it is known that this effect typically fades with
time, as the subjects get used to being observed, especially if the
presence of the observer is not directly visible.” In this sense, the
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staff should gradually feel comfortable working in a surveilled
environment.

Another important question is who will ultimately own the
information generated there. Multiple studies have addressed this
topic, and there is still no consensus about data ownership. Some
authors argue that the patients own their video recording, while
others suggest it should be included in the patient’s medical
records so the ownership will be of the institution where the
surgery was done (Gallant et al.,, 2022; Xiao et al., 2007; Prigoft
et al., 2016). A paramount principle should be that data owner-
ship should be explained during the consent process (Walsh et al.,
2023), as Thia et al. (2019) and Turnbull et al. (2014) suggest.
Moving on, another question that arises is whether patients
should be able to view or have a copy of the surgery recording.
Patient ownership and/or holding of this material naturally
confers similar responsibilities, as these surgical videos contain
data belonging to others (OR personnel) and not only to them. It
is different from what occurs in medical records, where the
information saved is only about the patient (Walsh et al., 2023).
In addition, there is a risk of misinterpretation, considering that
the standard is reasonable competence (not perfection) and that
there is usually no clear line about the acceptable variation in
these scenarios, as stated by Walsh et al. (2023).

There is no doubt that APVR in the OR is a handy tool for
learning in the healthcare environment and will most likely
improve performance and increase patient safety in the OR—the
best example of the use of this technology is aviation, where the
existence of the black box where all the information that occurred
during the flight is recorded, collected, and analyzed, exists since
the 60's (Helmreich et al., 1999) and has made this industry one
of the safest in the world. However, we must not stop thinking
and asking ourselves how much technology can replace our
decision-making processes, together with the ethical con-
sequences implied there.

In light of these challenges, we propose several best-practice
recommendations for the governance of APVR systems. First,
consent procedures should explicitly include information about
video and audio recording, specifying their scope and intended
uses. Second, data retention should be limited to defined time
windows (e.g., 30-90 days) unless longer storage is explicitly
justified by clinical, research, or legal needs. Third, access to
recordings should be based on role-specific permissions, with
patients and staff informed about who can view or use the
material. Finally, staff should receive clear and standardized
notifications about the presence of recording systems to mitigate
the observer effect while fostering transparency and trust.

The impact of Al and ML on the surgical decision-making
process

According to Ngiam and Khor (2019), “machine learning is a
type of artificial intelligence (AI) that encompasses algorithmic
methods that enable machines to solve problems without specific
computer programming.” It never tires, never loses information,
and the speed of analysis can be incredibly fast. The growing
popularity of AI across many different industries has attracted
venture capital investment of up to $5 billion in 2016 alone
(Bellini et al., 2019).

Most current ML publications report outcomes of preclinical
studies and are associated with essential methodological pitfalls:
(1) Selection bias: only high-quality images are used to train and
validate the algorithms; (2) Overfitting: always using the same
data set does not allow accurate prediction on new images; and
(3) Lack of independent external validation. However, Computer-
Aided Detection (CAD) using ML can be used to make crucial
decisions for patients (Arribas et al., 2021). On these topics, legal
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and ethical developments are needed. For example, bias may be
reduced in surgical decision-making using a well-designed Al
system, as Lazcoz and de Miguel (2025) suggest. We don’t need
more data, indeed (Lazcoz and de Miguel, 2025): we need better
strategies, ethical criteria, and laws to select the best data, in order
to avoid bias (1) and overfitting (2) and allow independent
external validation (3).

The application of ML in surgery can be in the preoperative,
intraoperative, and postoperative phases (Sakamoto et al., 2022).
In each one, the main objectives of machine learning applications
that have been proven to be effective are diagnosis, prognosis
prediction, surgical risk stratification; skill level classification,
identification of anatomy and intraoperative surgical phase,
identification of instruments and surgical gestures; predictions of
complications and prognosis prediction (Sakamoto et al., 2022).

For example, Al and ML have been widely used for the
endoscopic detection of malignant lesions. It is known that many
times (e.g., in gastric cancer), the diagnosis of malignancy is late
because the lesions of the gastric mucosa—when they are inci-
pient or small—are difficult to diagnose via the human eye and
require a lot of experience and expertise to do so (de Groof et al.,
2021). For example, there may be a situation where the endo-
scopic diagnosis, supported by CAD, suggests a malignant disease
in a small lesion; yet, biopsies of the lesion are inconclusive
because the sample was too small. In the eyes of expert endos-
copists, the lesion does not appear malignant: will we subject the
patient to highly invasive surgery, or should we ignore the
machine suggestion? There is no doubt that we will increasingly
face situations where a computational algorithm supports the
decision of a specific treatment, but we cannot be sure of its
correctness. Indeed, the case for IBM’s Watson for Oncology
supercomputer shows that even ML technologies are fallible
(McDougall, 2019), and their use in the decision-making process
may be quite dubious. Even though Watson does not make any
decisions, it makes recommendations based on hypotheses and
evidence (Luxton, 2019), and its recommendations may induce
the surgeon to make certain decisions, given that their data may
look reliable and the physician him/herself is not able to under-
stand the processes at stake (Smith et al.,, 2024). Indeed, if the
physician follows the algorithm, is he/she responsible for that
decision (and the possible mistake) or not? The response depends
on our idea of responsibility and the paradigm of technology we
employ—as we will see in the last section.

Another example is the real-time analysis of laparoscopic
videos and automated identification of anatomy in the intrao-
perative setting. Here, computer vision uses mathematical tech-
niques to analyze visual images as quantifiable features that can
be used within a data set to identify statistically meaningful events
(Hashimoto et al., 2018). In these situations, a machine can warn
the surgeon of an adverse event that occurred during the surgery
that could potentially have consequences for the patient. How-
ever, we should consider that in many surgeries, small events
occur, and the surgeon may believe they are irrelevant or not
possible to correct. In these cases, what would happen if a
machine registers that an adverse event occurred, no matter how
small, and the surgeon did not correct it? Will the surgeon have to
explain and justify ignoring the machine’s suggestion? Similarly,
ML has the potential to predict pathological features in CT and
MRI for liver and pancreatic lesions (Hamm et al., 2019; Liu et al.,
2021; Luo et al, 2020). Also, ML has been proven to be more
effective than TNM classification in predicting overall survival
and the need for adjuvant chemotherapy in colorectal and gastric
cancer patients (Jiang et al., 2021; Peng et al., 2016).

Although the idea that ML could enable surgical robots to
completely evade human control remains hypothetical, ML is
already being applied in surgical robots to give these systems

| (2026)13:176 | https://doi.org/10.1057/s41599-025-06455-7



ARTICLE

different degrees of autonomy. For example, the TSolution One
orthopedic robot can generate patient-specific surgical plans and
autonomously execute tasks such as bone milling, with the sur-
geon observing rather than actively manipulating the instruments
(Lee et al., 2024). Similarly, the Smart Tissue Autonomous Robot
(STAR) has demonstrated fully autonomous functioning by
performing an intestinal anastomosis in preclinical models (Saeidi
et al.,, 2022). Integrating ML into surgical robots promises benefits
like enhanced precision, reduced variability in surgical quality,
and the potential for more patient-specific surgical planning (Lee
et al,, 2024). On the other side, increasing robotic autonomy
introduces new risks, as control shifts from human operators to
algorithms; there is concern about technical unpredictability in
novel situations, and ambiguity in accountability if an autono-
mous decision leads to error.

Medical staff should thus evolve to interpret decision-support
tools and offer wisdom to patients and caregivers, ensuring
effective and safe integration of intelligent and machine learning
decision process tools for both patients and caregivers. In any
case, many concerns (as well as practical problems) remain: due
both to the difficulty in understanding the ever-changing func-
tionality of artificially intelligent systems and the impossibility of
interrogating their reasoning, in most cases, the clinician in
charge is not able to assess the information he/she receive (Smith
et al., 2024).

The robotic-assisted surgery (RAS)

In 1985, robots were first used to assist surgeons with Compu-
terized Tomography (CT) guided biopsies (Leddy et al., 2010). In
the last few years, progress has been impressive, and robots are
becoming more and more autonomous. Nowadays, robots can be
classified by their characterization as active, semiactive, or passive
(as mentioned above). In this section, we will discuss the impli-
cations of passive robots, which are the approved robots used on
patients regularly.

“Da Vinci” is the most commonly used RAS: under the sur-
geon’s control, the robot can be used to cut, suture, grasp, and
dissect (Meadows, 2002), providing an excellent tridimensional
view, more ergonomic for the surgeon, and in some cases
improving surgical outcomes. One of the most substantial reasons
the FDA panel gave for approving “da Vinci” has been its future
potential. However, this kind of technology raises several ethical
questions that we must address.

First, the surgeon-patient relationship, particularly in the long-
distance telesurgery where the surgeon is out of the control loop:
is it a “real relationship”? This problem concerns telemedicine in
general, not only “da Vinci.”

The second concern regards the responsibilities involved.
Robotic malfunctions, though rare, can occur and may necessitate
a change in the planned surgical procedure; mechanical failure or
malfunction can rarely even cause patient injury (Pai et al., 2023).
So, who is responsible if one of the robotic arms fails and harms
the patient: the surgeon, the company, the staff who prepared the
robot for the surgery, or the patient who assumed the risk? There
are various stakeholders involved, and balancing this legally and
attributing responsibility is a whole challenge. There is quite a
consensus that the adoption of robotic surgery does not exonerate
the surgeon from their legal accountability. Courts of law have
traditionally seen the robot as a tool for assisting the surgeon, but
still expect the surgeon to be able to use their discretion on the
proposed actions and provide human criteria (Pai et al., 2023).

Finally, the third problem concerns external events and agents:
who is responsible if the robot is under a cyber-attack (O’Sullivan
et al,, 2019), and at a crucial moment of the surgery, breaks an
important blood vessel, and the patient dies? Judicial systems

have limited experience in assigning liability for errors made by
intelligent machines and differentiating between human and
machine errors.

Because of the reduced literature and previous verdicts on this
matter, an approximation can be made from another area:
autonomously driven cars. In legal proceedings on cases involving
crashes of self-driven cars, the culpability varies on a case-by-case
basis (Pai et al., 2023). They usually consider the level of auton-
omy of the car and, in most cases, when it is a fully autonomous
car, the culpability is mainly attributed to the manufacturer or the
legal authorities that issued the license to drive the car (Pai et al,,
2023). Nevertheless, we think the case of robotic surgery is a little
different because the surgeon is expected to have control and
criteria when indicating a robotic surgery or using a robotic
platform to operate (Pai et al., 2023).

Despite the possibility of adverse events occurring during RAS
due to multiple causes (e.g., Alemzadeh et al., 2016), it is of
paramount importance to have emergency protocols for these
situations. This is the responsibility of the treating surgeon and
OR personnel. As an example, some institutions have developed
emergency undocking protocols for specific occurrences, such as
life-threatening intraoperative bleeding, anaphylaxis, or cardiac
events (Pai et al., 2023).

There is no doubt that robotics represents an impressive
advance in surgery. There are still several ethical and legal gaps
that must be addressed by experts and authorities worldwide to
offer a clear ethical framework on this topic (Clanahan and Awad,
2023). Indeed, RAS introduces specific error types distinct from
those in traditional surgery (e.g., lacovazzo et al., 2023; Chabot
et al., 2024), primarily due to its reliance on complex technology
and system integration, as we mentioned above. A systematic
review on robotic spine surgery identified three main error types:
registration errors (60% of failed screws), skiving errors (26.8%),
and interference errors (19.5%) (Gautam et al., 2025). Registra-
tion errors arise from mismatches between preoperative imaging
and intraoperative anatomy; skiving errors result from instru-
ment deviation on bone surfaces; interference errors involve
unexpected interactions with soft tissues (Gautam et al., 2025).
These kinds of errors are rare in conventional surgery, where
tactile feedback and direct visualization are key. Some meta-
analyses (e.g., Farivar et al., 2023; Klock et al., 2023; Negrut et al.,
2024; Ogihara et al.,, 2024; Zhang et al., 2024) comparing robotic
and conventional laparoscopic surgeries found that RAS may
cause more risks than traditional surgeries. Finally, Paul and
Pandya (2025) emphasized that although robotic platforms can
reduce surgeon fatigue, they introduce new technical failure
points, highlighting the importance of specialized training and
system familiarity.

Emerging technologies are our environment

The “ancient” (and out-of-date) paradigm used to interpret
technologies claimed that they are exclusively useful means (or
devices) to achieve human purposes (Valera, 2020). This is not
true anymore (Valera, 2022). The examples we put forward—as
well as robotics in general—show that such an interpretation is
at least deficient, as it fails to grasp the specificity of those
devices. In this sense, a new and fresh paradigm is necessary.
Among the current philosophical paradigms introduced to
interpret emerging technologies, post-phenomenology (Ihde,
1990) seems to be more than adequate, as it stresses that tech-
nologies are not just the “means” (or tools) we use but envir-
onments we interact with. From this, the idea of “technological
mediation” (Verbeek, 2016) as a possible interpretation of
human experience emerges: we interact in technological envir-
onments more than act with technological tools (Valera, 2020).
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Indeed, besides the “passive” role of mediating between humans
and the world, technologies “actively” structure unprecedented
interactions with the world.

The radical change, here, mainly concerns the interpretation of
technologies as passive tools (like a scalpel) or as inter-active
devices and environments (like “da Vinci” and “OR Black Box”)
(Gunkel 2020). Indeed, Chang et al. state: “The average physician
is even more ‘plugged-in” to the modern technological ecosystem,
given the use of electronic medical records, decision support
tools, and imaging software” (Chang et al., 2020). If technologies
are our environment (Valera, 2022), then, a new kind of con-
sideration is necessary. Retaking Jonas’s (1984, 1) reflections, we
may argue that since “with certain developments of our powers
the nature of human actions has changed” and “ethics is con-
cerned with actions,” we need new ethical considerations, con-
cerned with inter-actions with devices more than with actions on
tools. This ethical shift would be impossible without the “onto-
logical shift” concerning these emerging devices. The pivotal
point of this ethical assessment is reframing the surgeon’s
responsibility—which is now hybrid—due to the reduced range of
his/her actions. The question: “Who is responsible for this pro-
cedure?” acquires a new meaning now. To put it in another way,
how do we fill, thus, the “responsibility gap” (Matthias, 2004)
opened by these technologies?

On the one hand, considering robots responsible for a possible
mistake would be incorrect, as ML processes, as far as we know at
present, do not admit consciousness, which is the conditio sine
qua non of responsible behaviors. On the other, it seems to be
equally incorrect to place/lay all responsibility (or liability and
culpability) on the medical team since the range of the action
developed by the robot clearly exceeds the human domain.
Hence, we should analogically argue that semi-autonomous
robots work like living beings, unconsciously moved by internal
dynamics and processes (e.g., ML or AI). In this regard, there
wouldn’t be room for full responsibility: since responsibility deals
with power, conscious actions, and their predictable con-
sequences, robots would have to be considered not responsible.
Thus, in most cases, robotic processes are to be thought of as
spaces of non-responsible behaviors (beyond the programmer’s
responsibility, which must be causally demonstrated), just like
natural occurrences. In this sense, and going back to our initial
considerations, we may state that “hybrid responsibility”
(Matthias, 2004, 94; Gunkel, 2020) mainly means that human
responsibility has certain limits and constraints.

Taddeo and Floridi (2018, 751) called it “distributed respon-
sibility” as a consequence of a new form of “distributed agency”:
“The effects of decisions or actions based on AI are often the
result of countless interactions among many actors, including
designers, developers, users, software, and hardware.” This
emerging form of responsibility would be, thus, the result of an
action developed by different agents and stakeholders simulta-
neously (Fosch-Villaronga et al., 2021): we cannot identify a
direct cause (and agent) for a particular action. Indeed, there are
multiple causes and agents (or stakeholders): there is insufficient
track to causally link an event to a particular agent.

In the context of the operating room, this notion of hybrid/
distributed responsibility becomes particularly salient. For
instance, when a surgical robot autonomously adjusts its
movements in response to real-time sensor data, responsibility
cannot be entirely ascribed to the surgeon, as the robot’s internal
processes function beyond direct human oversight. Similarly,
when an Al system provides intraoperative recommendations
derived from complex algorithms, the medical team cannot be
held solely accountable for the outcome, given that the result
arises from the interplay of software, hardware, and pre-
established parameters shaped by multiple actors. These

6

scenarios illustrate that responsibility is inherently distributed
across a network of human agents and non-human devices,
highlighting the limits of individual human accountability in
technologically mediated environments.

Finally, more radical considerations concern totally autono-
mous robotic surgeons enhanced via Al and microrobots, inte-
grally replacing human surgeons: human responsibility may
totally disappear there. Anyway, assessing these actions is beyond
the scope of the present paper, given the current state of the art in
robotic surgery (Attanasio et al., 2021, 653). What we are inter-
ested in to date is “to build trust in these technologies by their
human counterparts,” “as the role of Al in surgery becomes more
prominent with the emergence of autonomous and intelligent
robots” (Capelli et al., 2023, 113). This last point allows us to
disentangle a little bit the use of the concept of autonomy in
robotics linked to Al

What kind of autonomy?

The most relevant ethical problems concern robotic autonomy
(Yang et al.,, 2017), insofar as they entail more-than-human
responsibilities, as we previously highlighted. In this regard, it
is worth recalling the six-level classification of robotic auton-
omy (Fosch-Villaronga et al., 2021; 2023; Opfermann and
Krieger, 2023) elaborated by Yang et al. (2017). It ranges from
level 0 (no autonomy) to level 5 (full autonomy -i.e., no human
needed). A paper by Attanasio et al. (2021) provides some
examples of practical applications of these levels® - i.e., 0. No
autonomy; (1) Robot assistance; (2) Task autonomy; (3) Con-
ditional autonomy; (4) High autonomy; (5) Full autonomy. In
this sense, robot autonomy is inversely proportional to opera-
tor interference: if level 0 gathers “tele-operated robots or
prosthetic devices that respond to and follow the user’s com-
mand” (Yang et al., 2017), in level 5 we are referring to robotic
surgeons “that can perform an entire surgery,” which is “cur-
rently in the realm of science fiction” (Yang et al., 2017).% The
most used and affordable robots in surgery nowadays range
from level 0 to 2, that is to say, assisted surgery (and auton-
omy). Regarding the more extended and high level of auton-
omy to date available—i.e., level 2-it seems that such devices
are not really autonomous, as the action is developed by the
doctor with the help of a device—in this regard, the robot may
be considered a tool.

This classification should push us to consider the very meaning
of the word “autonomous” and the possible difference with the
term “automatic”: what are we claiming when we say that the
robot is autonomous?* A philosophical problem emerges here
since the word autonomy usually refers to conscious and free
human actions. Indeed, the problem we must face is not lexical —
i.e., choosing one word or another to describe a certain behavior
—but ontological: stating that a behavior is either autonomous,
automatic, or independent, is totally different. For example, if we
take the following sentence: “Generally, by the word ‘autonomy’
one means that the robot operates on its own so as to perform a
specific task” (Moustris et al., 2011, 377)... are we referring to
autonomy or independence? Another definition of machine
autonomy could be: “The ability of a computer to follow a
complex algorithm in response to environmental inputs, inde-
pendently of real-time human input” (Etzioni and Etzioni, 2016,
149; Formosa, 2021). Once again, it seems that the autonomy
these authors are referring to could be better defined as inde-
pendence—i.e., the capacity to carry out a process without human
intervention.

On the contrary, “in the philosophical literature, however,
one finds rather more emphasis on the reasons why one is acting
(i.e., the goals one has chosen to pursue) than on how the goals
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are achieved. Auto-nomos, being or setting a law to oneself,
indicates the importance of self-regulation or self-government.
Autonomy is deeply connected to the capacity to act on one’s
own behalf and make one’s own choices, instead of following
goals set by other agents” (Haselager, 2005, 519). In this sense
—and we agree with this interpretation- autonomy is something
more than independence: if the latter merely refers to the
human non-interference in some processes, the former requires,
moreover, the possibility to have a know-how and a know-why.
More briefly, independence is a pre-condition for autonomy,
and autonomy is not included in independence. A different case
is that of the concept of “automatic.” Indeed, the focus of this
concept is on the process itself and its predictability, more than
on the agent involved in that process. Automatic systems
operate based on pre-defined instructions and perform repeti-
tive tasks without adapting to changing conditions (e.g., an
infusion pump that delivers a constant medication dose once
programmed). In contrast, autonomous systems can adapt their
actions based on real-time data and environmental changes. In
this sense, Chiodo (2022) correctly distinguishes autonomy
from automation (Chiodo, 2022). This latter points to the
dynamism of the process realized, as Attanasio et al. (2021, 652)
clearly explain: an “important clarification is the difference
between automatic and autonomous behaviors. Automatic
behaviors are completely predictable, as they follow well-
established theories, either deterministic or probabilistic.
Although there are variations of behaviors for an automatic
system, these are due to small adaptations of the controller
parameters to external conditions. If the variations are too large,
an automatic system cannot adapt and consequently fails. An
autonomous system, by contrast, is able to make large adapta-
tions to a change in external conditions by planning its tasks.
The planning function requires wider domain knowledge and
the use of cognitive tools, such as ontologies or logical rules that
do not exist within an automatic system.” Following this dis-
tinction and the previous classification given by Yang et al.
(2017), it seems that “the more autonomous medical robots are,
the less human oversight is” (Fosch-Villaronga et al., 2021): an
increase in robot autonomy seems to imply a decrease in human
responsibility and vice versa, while an increase or decrease in
automaticity would not change the degree of human responsi-
bility at all.’ Nonetheless, rather than implying a simple
reduction of human responsibility as robot autonomy increases,
it is more accurate to speak of a redistribution of responsibility
across multiple layers of accountability. These layers may
include the surgeon (who indicates and supervises the proce-
dure), the institution (which ensures training, protocols, and
infrastructure), the manufacturer (who guarantees technical
reliability and safety), the developers (who design and maintain
the algorithms), and the data suppliers (whose datasets influence
system performance), just to mention a few. Ethical analysis
should therefore focus on how accountability is allocated and
shared within this network, rather than searching for individual
responsibilities.

Going back to the aforementioned statements on the difference
between autonomous and automatic behaviors and the emphasis
on the reason for acting, it is safe to argue that “robots may be
operating independently—even 'freely” choosing how to act in
order to achieve goals—but the goals they are trying to achieve
are still set by human programmers” (Haselager, 2005, 519), or
better, without sufficient reasons to take one or another decision.®
Once again, it seems that “different conceptions of autonomy”
emerge here, due to the different emphasis on “the capacity for
independent (unsupervised) action versus the freedom to choose
goals” (Haselager, 2005, 528).

Conclusions

This paper has defended three interconnected claims. First, OR
technologies should be treated not only as tools but as environ-
ments that shape human action and relationships. Building on
this, the second claim holds that effective responses require
reconceptualizing responsibility in the OR as hybrid or dis-
tributed across surgeons, institutions, manufacturers, developers,
and data suppliers. These conceptual shifts support a third claim:
the possibility of designing governance mechanisms, including
oversight requirements, adapted consent models, and emergency
safeguards, to address the ethical and legal challenges posed by
these technologies. Articulating these claims extends the foun-
dational work of Floridi and Verbeek and translates the concept
of technological environments into actionable ethical and reg-
ulatory guidance. We have shown how specific cases (robotic-
assisted surgery, APVR, Al decision-support, and experimental
autonomous systems) can be mapped to autonomy levels, ethical/
legal risks, and governance measures. This operational mapping
helps clarify how responsibility and accountability can be redis-
tributed rather than diminished as technologies evolve.

The central ethical task ahead is not only to anticipate the
capabilities of autonomous systems but also to build trust in them
through transparent oversight, fairness in design, and careful
allocation of responsibilities. In this sense, surgical ethics must
move beyond the physician-patient dyad and address the dis-
tributed networks of agency and accountability that now define
technologically mediated medicine.

The introduction of emerging technologies and the devel-
opment of artificial intelligence tools have introduced ethical
challenges in the medical (and especially the surgical) field. As
suggested by Taddeo and Floridi (2018), regulations (or mor-
atoria) are not enough: ethical and legal frameworks need to be
clarified regarding autonomy and liability when talking about
these topics. Indeed, as suggested by Yang et al. (2017), “at the
higher levels of autonomy (specifically Level 5 and possibly
Level 4), the robot is not only a medical device but is also
practicing medicine. The FDA regulates medical devices but
not the practice of medicine, which is left to the medical
societies.” These possibilities should bring up new considera-
tions about the agency of surgical robots and surgeons as well.
For this reason, in this paper, we suggest some concepts and
frameworks to address and reframe the current technological
challenges in the field of surgery. In this regard, it is worth
noticing that both the concepts of action, autonomy (or inde-
pendence), and responsibility drastically change in the emer-
ging environments above-mentioned: the first step to ethically
assess these topics is to reframe the paradigm we are currently
using in the field of technological surgery, to offer new her-
meneutics of radically new situations, contexts, and concerns.
This is the first challenge we must face in the new surgical era:
address the emerging problems through new paradigms, con-
cepts, and points of view. In this sense—and this is the main
conclusion in the present paper, summarizing the last two
sections —any legal and ethical consideration must stem from
ontological considerations. We need new ontologies to define
the emerging technologies we mentioned above: this need is
necessarily prior to any ethical, political, or legal discussion
regarding the “use” of such devices.
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Notes

1 These actions “realized” by surgical robots can be clustered in three main “function-
areas™: 1. acquisition and analysis of information; 2. division of surgical trajectories or
plan of actions; 3. execution of the surgery (Fosch-Villaronga 2023, 566).

For reasons of space, we won’t present examples of surgical robots that exhibit
different levels of autonomy, neither we will discuss the ethical implications of each
level of autonomy. Examples of this may be found in the abovementioned paper by
Attanasio et al. (2021).

Recent scoping reviews of the literature show that almost 75% of studies refer to Level
1, 23% to Level 2, and only 2% to Level 3 (Vasey et al., 2023, 898).

4 It is worth noticing that for many authors “the debate about autonomy of robots is a
non-starter” (Haselager, 2005, 517).

Chiodo (2022) argues that an increase in robot autonomy would lead to an increase in
human automation: we do not agree with this perspective, due to our characterization
of autonomy.

This is precisely the aforementioned case for IBM’s Watson for Oncology
supercomputer, which needs to be assisted by human beings during the decision-
making process since it actually doesn’t take any decision.
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