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Abstract

The increasing autonomy of surgical robots chal-
lenges a foundational distinction in tort law: the
boundary between professional negligence and
defective products. In conventional robot-assisted
surgery, operative decision-making largely remains
with the surgeon, making medical-malpractice do-
ctrine a relatively natural framework. Autonomous
surgical systems complicate this structure by shifting
elements of perception, planning, technical execu-
tion, and potentially clinical decision-making from
clinicians to software-driven robotic systems. This
article develops an Autonomy-Control-Risk Attribu-
tion (ACRA) framework for determining when liabi-
lity should remain centered on medical malpractice,
shift toward product liability, or be shared among cli-
nicians, healthcare institutions, and manufacturers.
ACRA examines the harm-producing autonomous
function, the existence of meaningful rather than
merely nominal human control, the provenance of
the materialized risk, informational control, and inte-
raction-based failures. Where clinicians retain effec-
tive control over the relevant clinical risk, malpracti-
ce should remain the primary liability regime. Where
harm arises from hardware, software, algorithms,
warnings, or autonomous behavior that clinicians

could not reasonably detect or control, product-side
liability should gain greater weight. Where control is
distributed, concurrent liability is preferable to for-
cing the injury into a single doctrinal category. The
framework aims to preserve genuine professional
accountability without turning surgeons into a moral
crumple zone for machine-generated decisions.

Keywords: Autonomous Surgical Robots, Medical
Malpractice, Product Liability, Meaningful Human
Control, Artificial Intelligence.
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Highlights
e Liability should follow meaningful control over
the risk that materialized.

e ACRA distinguishes task-specific autonomy
from system-wide autonomy.

¢ Nominal human oversight does not by itself es-
tablish surgeon control.

e Concurrent liability is appropriate for distribu-
ted human-machine failures.
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1. Introduction

Robotic surgery has become an interdisciplinary
field combining precision mechanical systems, me-
dical imaging, real-time control, computer vision,
and artificial-intelligence-assisted decision proces-
ses. Surgical robots are no longer merely mechani-
cal aids; they are increasingly complex systems with
evolving capabilities in perception, decision sup-
port, and controlled execution (Yang et al., 2017: 1,
Attanasio et al., 2021: 651).

In current clinical practice, most FDA-cleared sur-
gical robots still operate at low levels of autonomy
under surgeon supervision, although some systems
are approaching limited task autonomy and conditi-
onal autonomy. It has been found that most surgical
robots were at Level 1 (86%) and some reached Le-
vel 3 (Conditional Autonomy) (6%). (Lee et al., 2024:
1-3). Experimental research further demonstrates
that robotic systems can cross important technical
thresholds in tasks such as autonomous suturing,
tissue tracking, surgical planning, and laparoscopic
intestinal anastomosis. Autonomous robotic surgery
has the potential to provide effectiveness, safety,
and reliability independent of individual surgeon's
skill and experience (Saeidi et al., 2022: 1).

Increasing autonomy raises not only questions of
liability but also issues of informed consent, data
protection, privacy, and algorithmic explainability.
In Al-enabled healthcare, robotic surgery is beco-
ming an important component of the digital-health
ecosystem (Kigukali, 2025). Fully or partially auto-
nomous surgery may also generate legal questions
concerning health data, Al models, and decision
processes. This article, however, is limited to priva-
te-law liability arising from the use of autonomous
surgical robots.

Robotic surgery increasingly destabilizes a basic dis-
tinction on which tort and medical-liability law have
traditionally relied. When a physician performs sur-
gery negligently, medical malpractice provides the
natural framework. When a defective medical device
injures a patient, product liability ordinarily directs
attention to the manufacturer and the condition of
the product. An autonomous surgical robot touches
both categories. It is a manufactured medical pro-
duct composed of hardware, software, algorithms,
sensors, and control systems, while also increasingly
performing tasks historically associated with the sur-
geon's professional judgment and physical skill.

This overlap is already visible in contemporary ro-
botic-surgery disputes. Negligence claims may be
brought against surgeons and hospitals while manu-
facturers simultaneously face allegations of design,
manufacturing, or warning defects. Robotic surgery
therefore creates a hybrid field between traditional
medical malpractice and product liability because
professional healthcare is delivered through a tech-
nological system designed, programmed, updated,

maintained, and supported by actors outside the
physician-patient relationship (Cho, 2026: 302-303).
Autonomous Al-based medical devices assume the
dual role of a medical product and a medical prac-
titioner, so responsibility may, depending on the cir-
cumstances, extend to a manufacturer, operator, or
maintenance provider (Grossbard, 2025: 313).

The central problem is determining the point at
which an injury should cease to be characterized
primarily as a failure in the delivery of medical care
and instead be treated as a failure of the techno-
logical system performing that care. Pasquale dis-
tinguishes between complementary and substituti-
ve automation. When Al or robotics merely assist a
skilled medical professional, they function as tools,
and negligence remains the more appropriate stan-
dard of liability. By contrast, when Al and robotics
replace rather than merely assist the professional,
the burden of responsibility shifts toward the vendor
of the computational system. Where the physician
can no longer override the system, a stricter liabi-
lity standard, including strict liability, becomes more
appropriate (Pasquale, 2022: 5). In current and ne-
ar-term systems, professional and institutional cont-
rol often remains significant, so negligence may con-
tinue to govern mixed-control cases, while genuine
manufacturing, design, and warning defects remain
within product liability (Cho, 2026: 302-303).

The literature on meaningful human control adds
another dimension. Surgical autonomy is not binary
but graduated: systems range from tools that dire-
ctly follow human commands to systems capable
of generating operative strategies or conducting
an entire procedure. At intermediate levels, human
oversight may be continuous, intermittent, or condi-
tional (Amoroso & Tamburrini, 2021: 31). The surge-
on's physical presence in the operating room there-
fore does not, by itself, establish legally meaningful
control.

The source of the harm is similarly central to liability
in robotic surgery. Depending on that source, the
physician, hospital, and manufacturer may be indivi-
dually or concurrently responsible. Malpractice and
product liability therefore need not operate as whol-
ly separate categories in robotic-surgery disputes
(Parlak Bord, 2019: 758).

Building on these approaches, this article argues
that liability should be determined neither by the
robot's legal characterization nor by its abstract le-
vel of autonomy alone. Instead, liability should fol-
low the distribution of meaningful control over the
concrete risk that materialized. The central question
is: who controlled, or reasonably should have cont-
rolled, the risk that caused the patient's injury? This
requires distinguishing the system's general level of
autonomy from its functional autonomy within the
causal chain that produced the harm.

To operationalize this proposition, the article propo-
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ses the Autonomy-Control-Risk Attribution (ACRA)
framework. It asks four foundational questions: (1)
which autonomous function caused the harm; (2)
who exercised meaningful control over that functi-
on; (3) within which actor's legally relevant risk sphe-
re did the materialized risk originate; and (4) which
actor possessed the information and practical capa-
city necessary to prevent the harm?

The analysis is organized around three research qu-
estions. First, at what point should the transfer of
surgical decision-making authority from surgeon to
machine shift liability from malpractice toward pro-
duct liability? Second, how should meaningful hu-
man control, algorithmic opacity, and information
asymmetry affect that boundary? Third, how should
law allocate liability for mixed human-machine fai-
lures without turning the surgeon into the residual
bearer of responsibility merely because a human re-
mains nominally “in the loop”?

2. Method and Scope

This article adopts a doctrinal and comparative-fun-
ctional approach. Tort-law scholarship on auto-
nomous medical systems, surgical-robot liability,
meaningful human control, and informed consent
is examined together with empirical findings on
perceptions of responsibility as surgical systems
become more autonomous. Because much of the
existing scholarship discusses negligence, medical
malpractice, and product liability through the United
States legal framework, the core doctrinal analysis is
strongly informed by U.S. tort law. The discussion is
supplemented by Chinese judicial practice concer-
ning robot-assisted surgery and by broader interdis-
ciplinary literature on surgical autonomy.

The article does not claim that a single uniform li-
ability rule exists internationally. Product-liability
doctrine, professional standards of care, procedural
burdens of proof, and the organization of healthcare
vary across jurisdictions. Rather, it identifies a func-
tional boundary problem common across legal sys-
tems: technological autonomy redistributes control,
while legal responsibility does not necessarily redist-
ribute at the same pace.

This tension is particularly visible in China. Reviews
of Chinese decisions indicate that courts tend to
treat robot-assisted surgery as a surgical method or
tool used by physicians rather than as an indepen-
dent legal actor performing the operation. Claims
are therefore generally directed against hospitals,
and judicial assessment tends to evaluate the medi-
cal treatment as a whole rather than independently
analyzing the robot's intelligence or programming
as a source of harm (Shentu, 2024: 5). A tool-based
classification can operate reasonably well while ro-
bots remain predominantly assistive, but it beco-
mes increasingly inadequate as operative control is
transferred to autonomous systems.

3. From Surgical Tool to Autonomous
Decision-Maker

3.1. Autonomy Is a Spectrum, Not a Cate-
gory

Technological developments in artificial intelligen-
ce and robotics have significantly transformed the
role of machines in modern healthcare, creating
new opportunities as well as new legal and regula-
tory challenges. In this context, a first analytical error
in allocating liability for robotic surgery is to classify
procedures merely as “robotic” or “non-robotic.”
The legally significant issue is not simply whether a
robot participated in the operation, but which de-
cisions it was authorized to make and the extent of
its authority to execute those decisions. A robotic
system can be considered as ‘autonomous’ at given
tasks when it can perform them without further hu-
man intervention (Amoroso & Tamburrini, 2021: 23).

A six-level taxonomy illustrates this progression. At
LO, the robot merely responds to human commands.
At L1, it may mechanically assist, correct, or constra-
in human actions. At L2, it independently performs
a task specified by a human. At L3, it may generate
the overall surgical strategy subject to human se-
lection or approval. At L4, it may perform an enti-
re procedure under human supervision. At L5, the
robot performs the medical procedure without hu-
man supervision (Amoroso & Tamburrini, 2021: 31).
This classification also demonstrates a relationship
between increasing autonomy and the allocation
of legal responsibility (Grossbard, 2025: 314). As
autonomy increases, the surgeon's practical decisi-
on-making and intervention space may narrow, alt-
hough this fact alone does not establish that liability
has shifted to the manufacturer.

Traditional teleoperated robotic surgery provides
the clearest example of technologically media-
ted but human-controlled surgery. In the da Vinci
system, the surgeon remains the operative decisi-
on-maker, issuing commands from the console that
are reproduced by robotic instruments in the ope-
rative field (Koyuncu Aktas, 2021: 1709). The recent
emergence of humanoid surgical robots does not
necessarily alter this legal characterization. Recent
in vivo demonstrations of humanoid robotic surgery,
for example, have remained teleoperated rather
than autonomous (Liang et al., 2026). So long as a
humanoid platform remains teleoperated, the physi-
cal displacement of the surgeon from the operating
table does not by itself transfer decisional control
to the robot. Robots should be assessed according
to their functions, level of autonomy, and interaction
with humans rather than their external appearance,
a distinction that is particularly relevant to liability
law (Parlak Bort, 2019: 760). Anthropomorphic em-
bodiment may therefore make a robot appear to
replace the surgeon physically while its decisional
autonomy remains limited.
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The robot's level of participation in a procedure is
not sufficient by itself. Comparing autonomous exe-
cution in rigid anatomical structures with autono-
mous operations on deformable soft tissue shows
that systems placed in the same autonomy category
may nevertheless differ substantially in their working
environments and adaptation requirements, there-
by demanding different degrees of human oversight
and care. A single model of human control cannot
adequately govern every L2 surgical robot (Amoroso
& Tamburrini, 2021: 32).

The taxonomy is therefore legally useful but not
dispositive. Autonomy must be assessed together
with the specific harm-producing function, the ope-
rative environment, the nature of the hazard, and the
realistic availability of human intervention.

3.2. Complementary and Substitutive
Autonomy

In robotic surgery, complementary robotics preser-
ves human professional expertise as the operative
source of medical decision-making while improving
or supporting professional performance. The da Vin-
cisystem does not itself complete the surgery; rather,
it functions as a highly sophisticated tool deployed
by a skilled surgeon, who remains responsible for
directing the procedure (Pasquale, 2022: 6). When
Al or robotics merely assist a professional, they fun-
ction as tools. By contrast, when they replace rather
than merely assist a skilled medical professional, the
automation becomes substitutive and responsibi-
lity should shift accordingly (Pasquale, 2022: 3). This
distinction provides an important liability insight.
So long as robotic technology remains an assistive
tool and competent human intervention is realisti-
cally available, human negligence remains a strong
basis of responsibility. When the system displaces a
decision that would otherwise be made by the sur-
geon, responsibility should increasingly be directed
toward those providing the substitutive technology
(Pasquale, 2022: 5).

The complementary/substitutive distinction should
be applied at the level of particular tasks rather than
to the surgical system as a whole. Within the same
procedure, patient selection may remain entirely hu-
man, planning may be shared, instrument positio-
ning or suturing may be autonomous, and emergen-
cy conversion authority may return to the surgeon.
A single robot may therefore function, during one
operation, as a professional tool, a decision-support
system, and an autonomous operative actor. Liability
analysis should follow these functional transitions.

4. Medical Malpractice and the Persis-
tence of Professional Responsibility

Medical malpractice generally refers to the principle
that healthcare providers are required to exercise an

appropriate standard of care when providing me-
dical treatment to patients. Where harm in robotic
surgery arises from conduct that remains under the
meaningful control of a healthcare professional, me-
dical malpractice provides the appropriate starting
point for liability analysis.

The conventional elements required to prevail in a
medical malpractice claim are a legal duty of care
and breach of that duty, proximate causation, and
resulting injury or damages. Malpractice thus rema-

ins fundamentally a human-centric cause of action
(Grossbard, 2025: 305).

The technological mediation of the surgeon's acti-
ons does not eliminate professional duties. A sur-
geon’s possible negligence may include misusing
the surgical robot, failing to convert to open sur-
gery promptly when complications require manual
intervention, or inadequately informing the patient
about the surgeon’s own experience with the robot
or the differences in risk between robotic and tra-
ditional surgery (Cho, 2026: 323). The professional
standard of care in robotic surgery also extends be-
yond ordinary surgical competence. A surgeon who
elects to use a robotic system should understand
its operation sufficiently to recognize foreseeable
malfunctions and be prepared, when necessary, to
continue or convert the procedure using an approp-
riate alternative technique. Familiarity with the ro-
botic system and preparedness for malfunction are
therefore components of professional care (Koyuncu
Aktas, 2021: 1712).

Hospitals also occupy an important institutional po-
sition. Selection of robotic surgery, credentialing of
users, maintenance of equipment, development of
protocols, and provision of the operative environ-
ment and infrastructure are institutional functions.
Inadequate training or credentialing, failure to satis-
fy maintenance requirements, insufficient safety me-
asures, and the absence of emergency procedures
may therefore give rise to hospital negligence (Cho,
2026: 322). The relationship between manufacturer
duties and institutional responsibility is illustrated
by Taylor v. Intuitive Surgical, Inc. In that case, the
Washington Supreme Court held that the manufac-
turer of the da Vinci system had a duty to warn the
purchasing hospital, rather than treating warning to
the surgeon alone as necessarily sufficient. The court
emphasized the hospital's institutional role, inclu-
ding its use of safety information in credentialing
and patient care. The decision demonstrates that
responsibility for safe robotic surgery cannot always
be reduced to the surgeon-manufacturer relations-
hip; the hospital may itself occupy an important po-
sition in the flow and use of safety information.

High machine autonomy does not by itself elimina-
te malpractice. Even after a task is delegated to an
autonomous system, professional negligence may
consist of selecting an unsuitable patient or opera-
ting mode, failing to monitor an observable compli-



Autonomous Surgical Robots: The Malpractice-Product Liability Boundary

cation, disregarding a system warning, approving an
evidently irrational strategy, or delaying conversion
when a different operative technique is required.

There is nevertheless an important limit. The surge-
on's duty of supervision can justify malpractice liabi-
lity only when supervision is meaningful in practice.
Mere physical capacity to intervene should not make
the surgeon responsible for every algorithmic acti-
on. The possibility of intervention and the realistic
ability to recognize when intervention is required are
distinct questions.

At L3, meaningful supervision must involve more
than a formal ability to press an “approve” button.
The surgeon should be capable of understanding
the rationale for the proposed strategy, comparing
the available options, and deciding within an adequ-
ate time window. Problems of interpretability may
therefore weaken the reality of human control (Amo-
roso & Tamburrini, 2021: 32). A surgeon may be held
responsible for harm caused by an autonomously
performing robot if the surgeon failed to exercise
meaningful human control properly and the harm
could have been avoided had the relevant meanin-
gful human control duties been carefully fulfilled.
Conversely, retrospective responsibility may be re-
butted, and potentially shifted toward other actors,
where it is shown that the surgeon properly comp-
lied with the applicable meaningful human control
duties (Amoroso & Tamburrini, 2021: 33).

The doctrinal proposition is accordingly narrow but
important: a surgeon should not be deemed to pos-
sess control merely because the system designa-
tes the surgeon as a supervisor. Malpractice based
on inadequate supervision presupposes a realistic
opportunity to understand, detect, and alter the
risk-producing conduct.

5. Product Liability and the Autonomous
Surgical System

5.1. Conventional Product Defects

Under Turkish law, a defect in a contract of sale may
be understood as a material, legal, or economic de-
ficiency that is inconsistent with the quality of the
sold item or with a quantity affecting that quality,
and that eliminates or substantially reduces its value
for the intended use or the benefit that the buyer
may reasonably expect from it (Kiicoglu, 2023: 74,
Gul, 2026: 768). Defects may be classified according
to different criteria; in terms of detectability, Turkish
doctrine distinguishes between apparent, discove-
rable, latent, and fraudulently concealed defects
(Kagak, 2023: 87). An apparent defect is one that
the buyer can perceive through ordinary attention
without any special examination (Gimus, 2024: 139;
see also Eren & Ylcer Akturk, 2024: 334; Gul, 2026:
768; Kagak, 2023: 84 et seq.). A discoverable defe-

ct is one that can be identified upon examination
of the sold item after delivery (Eren & Yicer Aktlrk,
2024: 112, 334; Kasak, 2023: 85 et seq.). A latent de-
fect, by contrast, cannot be detected through an
ordinary examination and becomes apparent only
later, often during use of the sold item (Yavuz, Acar
& Ozen, 2019: 80; Eren & Yiicer Aktlrk, 2024: 112,
335; Gil, 2026: 768). Where the seller intentionally
conceals the defect by presenting the sold item as
possessing a quality that it does not in fact have, the
defect may be characterized as fraudulently conce-
aled (Eren & Yucer Aktlrk, 2024: 112, 336; Yildirm,
2006: 968 et seq.). This sales-law conception of defe-
ct should not, however, be equated with the notion
of a defective product in product-liability law. The
former primarily concerns the conformity of the sold
item with contractual or legally expected qualities,
whereas the latter focuses on the safety-related cha-
racteristics of the product and the risks it poses.

When patient injury originates in the technological
system rather than professional judgment, conven-
tional product-liability doctrines and the concept of
defect come to the forefront.

Product-liability analysis commonly distinguishes
manufacturing defects, design defects, and failures
to warn. A manufacturing defect concerns a product
that deviates from its intended design or specificati-
ons; a design defect concerns a defective condition
that poses unreasonable dangers to users or risks
that could have been mitigated through a reaso-
nable alternative design; and a failure to warn claim
concerns inadequacy in warning about inherent pro-
duct dangers or in providing instructions for safe use
(Grossbard, 2025: 307).

Conventional manufacturing-defect analysis can ge-
nerally be applied without conceptual modification.
Defective wiring or insulation, malfunctioning circuit
boards, and assembly errors are examples of manu-
facturing defects that may occur in surgical robots.
A claim that the device deviated from its intended
design and that the deviation caused the injury re-
sembles the conventional defective-medical-device
paradigm rather than a claim centered on professi-
onal malpractice (Cho, 2026: 313). The evidentiary
difficulty of establishing a product defect in robotic
surgery is illustrated by Mracek v. Bryn Mawr Hospi-
tal. The case arose after an alleged malfunction of
the da Vinci surgical system, but the product-liability
claims failed because the plaintiff did not provide
sufficient expert evidence to establish a defect and
causal connection to the injury. The case demonstra-
tes that identifying a robotic malfunction is not suf-
ficient by itself; the claimant must still establish the
legally relevant defect and causation.

Consider a surgeon who correctly commands a ro-
botic instrument to coagulate tissue, but defective
insulation causes an electrical arc to burn adjacent
tissue. The surgeon's participation does not trans-
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form the insulation defect into malpractice. The le-
gally significant point is that the relevant risk origina-
ted earlier in the manufacturing process.

An international empirical study reflects a similar in-
tuition. When the surgeon remained the primary me-
dical decision-maker but the robotic system supp-
lied incorrect information, 69.6% of respondents
attributed primary responsibility to the manufactu-
rer. When the robot incorrectly executed a preprog-
rammed surgical plan, 63.4% likewise identified the
manufacturer as primarily responsible (Jamjoom et
al., 2022: 5). These responses do not determine le-
gal liability, but they illustrate an intuitive distinction
between a clinician selecting the wrong action and
a machine failing to perform the action assigned to
it. Recent litigation also confirms that injuries asso-
ciated with robotic surgical systems may proceed
through conventional product-liability doctrine. In
Franklin v. Intuitive Surgical, Inc., the federal distri-
ct court allowed product-liability claims concerning
injuries allegedly associated with robotic surgical
devices to proceed beyond the pleading stage. The
decision did not establish that the devices were de-
fective or impose final liability on the manufacturer;
rather, it illustrates that robotic-surgery injuries may
present sufficiently plausible product-side allegati-
ons to warrant further judicial examination.

Turkish legal scholarship likewise treats the surgi-
cal robot as a product for product-liability analysis.
Recognizing the robot as a product makes manu-
facturer liability available when injury originates in
a defective robotic system (Koyuncu Aktag, 2021:
1716). The malpractice-product liability boundary is
therefore not peculiar to U.S. tort law: similar ques-
tions arise in Turkish private law once the surgical
robot is simultaneously understood as an instrument
of medical performance and as a product placed on
the market. This distinction has become even more
significant under the revised EU Product Liability
Directive (EU) 2024/2853, which expressly brings
software, including Al systems, within the concept of
a "product” for product-liability purposes and treats
software developers, including Al system providers,
as manufacturers (Directive (EU) 2024/2853, recital
13).

5.2. Autonomous Software and the Tem-
poral Instability of Defect

More complex cases shift attention from broken
hardware toward design and algorithmic behavior.
Surgical robots are not necessarily static products:
software may be updated after sale, and learning
systems may alter their behavior in response to
newly acquired data. These developments blur the
boundary between the initial design and later ma-
intenance. A software update may introduce a new
risk, and machine-learning behavior at the time of

injury may differ from behavior when the product
first left the manufacturer's control (Cho, 2026: 314).

As Al-enabled devices continue to evolve beyond
the design and foresight of their original manufac-
turers, potential risks can only be anticipated to a li-
mited extent. This uncertainty complicates the app-
lication of conventional manufacturing, design, and
warning categories and raises questions about when
defectiveness should be assessed (Grossbard, 2025:
307). A model may have been trained by the ma-
nufacturer, modified through an authorized update,
adapted using institutional data, or altered in prac-
tical effect by a hospital's failure to maintain the sys-
tem. In such circumstances, there may no longer be
a single legally meaningful “product state.” Product
analysis should therefore distinguish among initial
design, permitted evolution, and local modification
or maintenance.

Manufacturer-side responsibility is strongest when
harmful behavior is attributable to architecture, trai-
ning, updates, or known limitations within the manu-
facturer's control. By contrast, institutional negligen-
ce becomes more salient where harm results from
neglected maintenance, unauthorized reconfigura-
tion, or failure to install required updates.

Unpredictability should not automatically sever
responsibility. Machine learning does not necessarily
break the causal connection between designers and
the system, because apparently surprising behavi-
or may still occur within objectives and constraints
determined by design. Dangerous unpredictability
may therefore indicate inadequate safety rather
than eliminate liability (O'Sullivan et al., 2019: é).

The problem becomes more difficult as autonomy
and self-learning capacity increase. Errors may arise
from incorrect information supplied to the decision
algorithm, defects in underlying programming, or
harmful behavioral patterns subsequently acquired
through learning. The first two remain comparatively
traceable to the producer, while the third creates a
more difficult attribution problem. A robot may also
be non-defective when placed on the market but
later develop harmful behavior through information
acquired during use, challenging traditional produ-
ct-liability models because the harmful characteristic
may not have existed at market placement (Koyuncu
Aktasg, 2021: 1724-1725). For autonomous surgical
robots, the legally relevant inquiry may therefore
shift from whether the product was defective when
sold toward whether the manufacturer reasonably
controlled, monitored, or constrained the process
through which the system was permitted to evolve.

A further difficulty arises when the harmful compo-
nent is software rather than physical hardware. In
Turkish product-liability scholarship, a threshold is-
sue for Al-related responsibility is whether software
elements fall within the legal concept of a “produ-
ct” (YunlG, 2024: 536). This question is particularly
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important for autonomous surgical robots because
the physical device may operate exactly as intended
while the injury originates entirely in perception,
planning, or control software.

6. The Boundary Problem: When Does
Malpractice Become Product Liability?

The hardest cases are neither purely malpractice
nor purely product defect. Harm may result from
technological defect, negligent professional use,
institutional failure, or a combination of these fac-
tors. Injuries can result from human errors or machi-
ne malfunctions, therefore the appropriate scheme
of recovery must be designed to reflect the specific
cause of harm (Grossbard, 2025: 274). A manufac-
turer may allege misuse; the surgeon may point to
defective automation; and the hospital may invoke
inadequate manufacturer instructions. In current
systems, the structure of robotic surgery means that
product safety depends on expert implementation.
In such cases, the assumptions underlying product
liability may not hold where the end user is a sophis-
ticated user, which could lead courts to treat some
issues as medical negligence rather than product li-
ability (Cho, 2026: 312). Yet as autonomy increases,
reliance on negligence alone becomes progressi-
vely harder to justify. Existing robotic-surgery cases
already reveal different dimensions of this boundary
problem. Mracek demonstrates the difficulty of pro-
ving defect and causation where an alleged robotic
malfunction is involved, while Taylor shows that ma-
nufacturer duties may extend beyond the individual
surgeon to the healthcare institution receiving and
using product-safety information. Franklin, althou-
gh only a pleading-stage decision, further illustrates
that robotic-surgery injuries may support product-li-
ability claims without first being characterized exclu-
sively as medical malpractice. These cases concern
robot-assisted rather than fully autonomous surgery,
but they expose the fragmented allocation of duties
that becomes more difficult as autonomous decisi-
on-making increases. Pasquale warns that doctrines
emphasizing competent human intervention, le-
arned intermediaries, or the “captain of the ship”
should not be interpreted so broadly that responsi-
bility is systematically shifted to professionals while
providers of complementary technologies escape
scrutiny (Pasquale, 2022: 8).

6.1. Fault-Based and Strict Liability Across
Levels of Autonomy

The distinction between complementary and subs-
titutive autonomy also affects the role of fault in
liability analysis. Fault-based liability remains parti-
cularly relevant where the robotic system assists the
clinician and the clinician retains control over patient
selection, operative strategy, monitoring, and inter-

vention. Negligence may arise, for example, where
the clinician selects or uses the system improperly,
ignores an observable warning, inadequately super-
vises its operation, or fails to intervene despite ha-
ving sufficient information and opportunity to do so.
The use of an autonomous tool therefore does not
by itself exclude professional fault.

The position becomes more difficult when the sys-
tem is substitutive. If the robot independently per-
forms a task that would otherwise have been carried
out by the clinician, and the clinician cannot rea-
sonably understand, prevent, or override the har-
mful action, attributing negligence to the clinician
becomes less convincing. This does not eliminate
professional negligence altogether: fault may still
arise from inappropriate patient or system selection,
misuse, failure to consider known limitations, or fa-
ilure to intervene where intervention remained rea-
listically possible. In this sense, increasing autonomy
narrows, rather than automatically removes, the field
of professional fault. This is consistent with the dis-
tinction between complementary and substitutive
medical robotics, under which negligence remains
more appropriate where technology assists the pro-
fessional, while product-side liability becomes more
important as technology replaces professional func-
tions (Pasquale, 2022: 5).

Where the injury instead results from a defect or
autonomous behavior attributable to the techno-
logical system, product liability may become more
significant. Manufacturing defects, defective softwa-
re, inadequate warnings, unsafe design, or autono-
mous behavior beyond reasonable clinical control
may support product-side liability without requiring
proof of professional negligence, subject to the app-
licable product-liability rules. The distinction should
therefore not be treated as absolute: a complemen-
tary system may still be defective, while a highly au-
tonomous system may still be negligently selected,
monitored, or maintained. The relevant question
remains which actor could reasonably foresee and
control the risk that caused the harm.

The difficulty intensifies when technology becomes
substitutive. If a system independently makes a de-
cision that the surgeon neither generated nor could
realistically control, attributing the resulting error
to the surgeon merely because the surgeon stood
ready to intervene disconnects legal responsibility
from agency.

Empirical findings provide some support for this
concern, although they should be interpreted ca-
utiously. As robotic decision-making increased,
respondents became progressively more divided
over responsibility. Even when most or all decisions
were made by the autonomous system, substantial
blame continued to be placed on surgeons despite
their reduced decision-making role (Jamjoom et al.,
2022: 5-6). However, the study examined percepti-
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ons of responsibility in hypothetical scenarios rather
than actual legal liability. Its findings should there-
fore be interpreted with caution, particularly beca-
use the scenarios contained limited factual detail
and respondents were asked to assign responsibility
in broad categories. The results do not show how
courts would allocate liability in real cases, but they
do suggest a possible gap between actual control
and perceived responsibility. This is consistent with
Elish's concept of the “moral crumple zone,” un-
der which human operators may continue to bear
responsibility even when substantial control has shif-
ted to an automated system (Elish, 2019: 42; Jamjo-
om et al., 2022: 7).

A liability regime that defaults to malpractice whe-
never a surgeon is present risks institutionalizing
precisely this phenomenon. The boundary should
therefore follow human control over the risk that
materialized, not human presence alone.

The existence of a product-side defect does not
necessarily exclude professional negligence. If a
software defect or malfunction is reasonably dete-
ctable during preoperative checks or intraoperative
monitoring, failure by the physician to identify and
respond to that defect may independently breach
the professional duty of care. Similarly, maintenan-
ce or updating failures may fall within institutional
responsibility where those functions are entrus-
ted to healthcare personnel (Koyuncu Aktas, 2021:
1713-1714). The origin of the defect and the capa-
city to mitigate its consequences should therefore
be analyzed separately: the manufacturer may cre-
ate the initial risk while a clinician or hospital later
incurs responsibility for failing to respond to a risk
that became reasonably detectable. A related qu-
estion concerns the legal characterization of the
resulting damage and the proximity of its causal
connection to the underlying defect. According to
the prevailing view in Turkish doctrine, the principal
criterion for distinguishing direct from indirect loss
is the proximity and intensity of the causal conne-
ction between the event giving rise to liability and
the damage suffered. Losses that constitute the im-
mediate consequence of the contractual breach are
regarded as direct losses, whereas losses connected
to the breach through a more remote causal chain
are classified as indirect losses (Yildirm & Baspinar,
2008: 1113-1114). Accordingly, where damage arises
from a defect, the inquiry should distinguish losses
that flow directly from the defective condition from
those that materialize only through additional inter-
vening causes (Kara, 2018: 525).

The transition to fully autonomous systems may also
create a genuine compensation gap. If a self-lear-
ning robot causes harm through behavior develo-
ped after deployment, manufacturer liability may
be restricted by development-risk principles while

attributing the same harm to the physician or hospi-
tal may become equally difficult. The injured patient
may consequently be left without an effective route
to compensation (Koyuncu Aktasg, 2021: 1729-1730).

7. The Proposed Autonomy-Control-Risk
Attribution Framework

A clear conceptual framework is essential for the
fair and effective allocation of responsibility among
the multiple actors involved. Existing literature has
already addressed several relevant considerations
separately, including levels of autonomy, meaningful
human control, product defects, institutional duties,
and the allocation of responsibility in human-mac-
hine interaction. The contribution of this article is
therefore not to present each of these elements as
independently novel, but to integrate them into a
structured sequence focused on identifying who
exercised meaningful control over the specific risk
that materialized. On this basis, the article deve-
lops the Autonomy-Control-Risk Attribution (ACRA)
framework to determine whether harm involving
autonomous surgical robots should be analyzed
principally as medical malpractice, institutional
negligence, product liability, or concurrent liability.
ACRA is proposed primarily as a doctrinal and anal-
ytical tool rather than as a binding judicial test or
a legislative rule. It is intended to provide courts,
scholars, and policymakers with a structured method
for examining responsibility in cases where control
is distributed among surgeons, healthcare instituti-
ons, manufacturers, and autonomous systems. The
framework proceeds through five stages.

7.1. Stage One: Identify the Autonomous
Function in the Causal Chain

The analysis should begin by identifying the func-
tion performed by the robot at the time the harm
occurred rather than assigning consequences from
a general label of “autonomy.”

Relevant functions may include patient-manage-
ment decisions, surgical planning, anatomical iden-
tification, trajectory selection, tissue manipulation,
suturing, energy delivery, complication detection,
and emergency response. Experimental liability sce-
narios similarly distinguish management decisions,
operative planning, and technical execution, iden-
tifying the principal decision-maker at each stage
(Jamjoom et al., 2022: 3).

A single system may therefore operate at LO for one
task while functioning at L2 or L3 for another. At Sta-
ge One, liability analysis should track the autonomy
of the harm-producing function rather than the ove-
rall autonomy of the machine.
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7.2. Stage Two: Determine Whether Mea-
ningful Human Control Existed

The next question is whether, while the identified
function was being performed, a healthcare pro-
fessional could realistically detect and prevent the
harmful action. Meaningful human control requires
sufficient information, comprehension, time, and
authority to intervene; superficial oversight does not
satisfy this standard (Amoroso & Tamburrini, 2021:
32). Upper levels of autonomy of systems should
be combined with human control and responsibility
(Santoni de Sio & van den Hoven, 2018: 2)

The inquiry may therefore be framed as follows:
"Could a reasonably competent surgeon, on the ba-
sis of information actually and reasonably available
at the relevant time, have detected the dangerous
robotic behavior and prevented the harm through
an authorized intervention?”

If the answer is yes, professional negligence may
move to the center of the analysis. If the answer is
no, responsibility should not be artificially assigned
to the surgeon through presumptions based solely
on human presence. Recent Al-law scholarship simi-
larly distinguishes meaningful oversight from formal
approval: effective supervision requires the human
decision-maker to understand the basis of the Al

Table 1. Constructs in the Research Model

system's output, independently assess it, and retain
authority to reject it where necessary (Ogurlu, 2026:
507). Applied to autonomous surgery, the system's
technical provision for supervision or intervention
should not by itself establish meaningful surgeon
control.

ACRA thus distinguishes nominal or general super-
vision from effective supervision within the control
chain.

7.3. Stage Three: Identify the Provenance
of the Materialized Risk

After autonomy and meaningful control have been
examined, the analysis should identify the sphere in
which the relevant risk originated and the actor best
positioned to prevent the harm.

Recent surgical-Al literature adopts a tripartite fra-
mework of risk. It distinguishes risks inherent to the
Al system, risks introduced by the clinician-user, and
risks arising from institutional deployment. A similar
approach recognizes that, although surgeons rema-
in the ultimate clinical decision-makers, liability may
also extend to developers for defective design or
failure to warn, and to institutions for negligent imp-
lementation or oversight. (Hashimoto et al., 2026:
5468).

Risk provenance

Typical example

Professional clinical
judgment
observable complication

Unsuitable patient; unreasonable procedure
selection; delayed conversion despite an

Presumptive liability orientation

Medical malpractice

Professional use of the
robot
realistically possible

Erroneous command, misuse, ignored warning,
or inadequate supervision where intervention was

Medical malpractice

Institutional governance

Inadequate credentialing, training, maintenance,

Hospital/institutional negligence

configuration, or emergency protocols

Manufacturing failure

Defective insulation, wiring, actuator, sensor, or

Product liability

assembly deviating from specifications

Design/software failure

Unsafe control architecture, algorithmic defect,
inadequate fail-safe, or defective update

Product liability / manufacturer
negligence

Information/warning failure

Manufacturer knows a material failure mode but

Failure-to-warn product liability

inadequately warns clinicians or the hospital

Autonomous decision
beyond meaningful clinical
control

Robot independently selects or executes a
harmful strategy that a competent surgeon could
not reasonably detect or override

Presumption favoring product-
side liability

Human-machine
interaction failure

Inadequate supervision and a system defect both
materially contribute to the injury

Concurrent liability / comparative
apportionment

Source: Author's own elaboration based on the cited literature.
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This risk-provenance approach is consistent with
existing accounts under which a manufacturing de-
fect points toward the manufacturer, use or medical
error toward the operator, and maintenance failures
toward the party responsible for maintenance. Ope-
rator responsibility may also decline as operator
control decreases (O'Sullivan et al., 2019: 6).

A useful example further illustrates the distinction.
If the surgeon commands the robotic instrument to
move in one direction but the system misinterprets
the command and moves in the opposite direction,
damaging nearby tissue, the injury cannot automa-
tically be characterized as malpractice. Where the
clinician could not reasonably detect the defect and
no maintenance or updating failure is attributable to
the healthcare provider, the inquiry shifts toward the
technological system and its producer (Koyuncu Ak-
tas, 2021: 1722).

7.4. Stage Four: Examine Informational
Control

In autonomous systems, information itself is a form
of risk control. Hospitals hold information about ma-
intenance, credentialing, and local practices; clini-
cians hold patient-specific clinical information and
direct intraoperative observations; manufacturers
often possess superior information about training
data, software architecture, validation limits, sys-
tem updates, logs, and recurring adverse events.
However, informational control should not be con-
fused with substantive responsibility. The fact that
an actor possesses relevant information does not,
by itself, establish liability; rather, liability must still
be determined by reference to the applicable du-
ties, the source of the risk, and causation. A sepa-
rate question concerns the burden of proof. As a
general matter, the claimant must establish the facts
supporting the relevant basis of liability, subject to
any presumptions or evidentiary rules provided by
the applicable legal system. Where decisive techni-
cal evidence is predominantly under the control of
a manufacturer, hospital, or other defendant, howe-
ver, strict application of the ordinary burden of proof
may place the claimant at a substantial informational
disadvantage. The liability analysis should therefo-
re distinguish between the allocation of substantive
responsibility and the evidentiary consequences of
unequal access to information.

Autonomous surgical robots are safety-critical sys-
tems, making comprehensive recording of system
tasks and events important for reconstructing adver-
se outcomes (O'Sullivan et al., 2019: 3). Accountabi-
lity is also closely connected to liability, supporting
"flight-recorder”-style preservation of inputs, inter-
nal system states, and outputs, although recorded
data may still be insufficient to make complex ma-
chine-learning behavior genuinely interpretable
(O'Sullivan et al., 2019: 5).

This asymmetry has evidentiary consequences. If the
information necessary to identify the source of failu-
re exists only in inaccessible software or logs held by
the manufacturer, imposing the ordinary burden of
proof on the injured patient may create a practically
impossible evidentiary burden.

7.5. Stage Five: Permit Concurrent Liabi-
lity for Interaction Failures

ACRA rejects a mandatory binary choice between
malpractice and product liability. A robot may be
defectively designed and negligently supervised;
a manufacturer may inadequately warn a hospital
that, in turn, inadequately trains the surgeon; or a
system may generate a questionable strategy that
a surgeon negligently approves despite receiving
sufficient information. Where function, control, and
risk are distributed, liability may likewise need to be
distributed.

The hybrid nature of autonomous medical systems
makes it difficult for a single cause of action to expla-
in every injury; malpractice and product liability may
therefore arise in the same case (Grossbard, 2025:
313-314). Autonomous robotic surgery similarly sits
at the intersection of product design, software, hos-
pital governance, and professional expertise, so the
central inquiry should be which doctrine correspon-
ds to the actor controlling the relevant risk (Cho,
2026: 326).

Turkish doctrine also recognizes the concurrence of
liability grounds. Where a surgical robot was defe-
ctive when placed on the market, the patient may
pursue the manufacturer even if contractual or pro-
fessional liability also arises on the healthcare side;
this situation is characterized as a concurrence of
grounds of liability (Koyuncu Aktas, 2021: 1729).

8. Preventing the Surgeon from Beco-
ming the “Moral Crumple Zone”

Human oversight is widely recognized as playing a
critical role in ensuring accountability and responsi-
bility in the use of autonomous systems. Human-in-
the-loop architectures can serve two very different
functions. Genuine human control can protect pa-
tients by enabling a qualified professional to dete-
ct and prevent machine error. Conversely, human
presence may function mainly as a focal point for
responsibility, leaving a nominal supervisor availab-
le to absorb legal blame while the system autono-
mously determines what occurs.

If a human is retained in a system not because sur-
gery requires human performance but principally to
provide a person to whom liability can be assigned,
it becomes difficult to justify simultaneously depri-
ving that person of meaningful control (O'Sullivan et
al., 2019: 7).
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Empirical findings reinforce the importance of this
concern. Significantly, it showed that the surgeons
are still ascribed blame even when they have had
no role in decision-making, which adds weight to
concerns that human operators may become “mo-
ral crumple zones"” absorbing blame and potentially
legal responsibility when complex autonomous sys-
tems fail (Elish, 2019: 50)Even as autonomous sys-
tems assumed more decision-making, the surgeon
was still identified as a responsible actor despite ha-
ving a limited role in the decision-making process,
adding weight to the concept of the “moral crumple
zone" (Elish, 2019: 55; Jamjoom et al., 2022: 7).

ACRA responds by refusing to infer responsibility
from supervision alone. If a manufacturer relies on
human intervention as a defense, it should be able
to demonstrate that intervention was technically
and clinically meaningful. Ordinarily, this requires
evidence that the failure was detectable and un-
derstandable, that sufficient time existed for inter-
vention, and that the consequences were practically
reversible.

The reciprocal conclusion is equally important. Whe-
re sufficient time and a realistic opportunity to re-
verse the consequences existed, surgeons should
remain responsible for ignoring or misusing control
genuinely left to them. The objective is not to im-
munize professionals from liability, but to align legal
responsibility with genuine agency and meaningful
control.

9. Informed Consent as a Distinct Layer
of Responsibility

The transition toward autonomous surgery changes
the matters on which patients may need to be infor-
med before treatment. Informed consent, however,
should not be confused with the allocation of liabi-
lity for harm caused by negligent conduct.

The use of robotic surgery may expand the physi-
cian's disclosure obligations. Where robotic surgery
is selected instead of a conventional technique, the
patient should be informed of that choice and ava-
ilable alternative methods because meaningful and
autonomous decision-making regarding bodily in-
tegrity depends on adequate information about the
available interventions (Koyuncu Aktas, 2021: 1714).

Generic consent may be insufficient for automa-
ted robotic procedures. Patients should receive
case-specific information about the nature of the
procedure, the role of robotics and automation,
expected benefits, possible outcomes, risks, and
the possibility of conversion to another technique
(Contaldo et al., 2025: 5). Professional judgment ne-
vertheless remains important when changing clinical
conditions require conversion to a conventional ap-
proach.

Robot-specific information should therefore form
part of informed-consent analysis. The clinician's
duty to disclose treatment risks to the patient or
relatives is distinct from the manufacturer's duty to
provide adequate warnings to the medical inter-
mediary (Cho, 2026: 324-325). As autonomy incre-
ases, the patient should be told not merely that “a
robot will be used,” but the extent of the robot's
decisional role. Telling a patient that the surgeon
will direct robotic instruments is materially different
from disclosing that the system will independently
plan or execute an operative task. Consent to au-
tonomous robotic surgery, however, is not a liability
waiver: consent to disclosed risks does not amount
to consent to negligent use, inadequate institutional
governance, or defective technology.

The scope of disclosure should correspond to the
actual role performed by the robotic system. The pa-
tient does not need to be given a technical descrip-
tion of the system or its formal autonomy level, but
should be informed, in understandable terms, about
which clinically relevant functions remain under the
surgeon’s control, and which are delegated to the
robotic system. In particular, the patient should be
told whether the robot merely reproduces the sur-
geon’s commands, generates or recommends ope-
rative options subject to human approval, or inde-
pendently selects or executes part of the procedure.
Where human intervention remains possible, the
patient should also understand the surgeon’s super-
visory role and the practical limits of that supervision
(Aydin, 2024: 21-22).

Informed consent should further distinguish betwe-
en risks inherent in the medical procedure and ris-
ks introduced by the robotic technology. General
informed-consent principles require disclosure of
the nature and purpose of the intervention, its ma-
terial risks and expected benefits, reasonable alter-
natives, and information sufficient for the patient to
understand and voluntarily authorize the proposed
treatment." In robotic surgery, this general disclosu-
re should be supplemented by technology-specific
information, including material risks of hardware
malfunction, software error, limitations of the robo-
tic system, the extent of robotic involvement, and
the experience or training of the surgeon where this
may materially affect the patient’s decision (Bagwan
et al., 2025: 74).

For example, in an angiographic intervention perfor-
med under local anesthesia with the assistance of a
robotic or computerized system, risks inherent in the
angiographic procedure may arise even when the
equipment functions exactly as intended. Those ris-
ks should be distinguished from harm that may arise
because the robotic device malfunctions, its softwa-
re operates incorrectly, or an autonomous function
produces an erroneous action. If the system merely
executes the physician’s commands, its role may ap-
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propriately be described as assistive. If, however, the
system independently selects or executes a clinical-
ly relevant step, that autonomous decision-making
role becomes a separate matter that should be disc-
losed to the patient.

The relevant inquiry is therefore not simply whether a
robot is used, but whether its participation material-
ly changes the nature of the intervention, the source
of risk, or the distribution of decision-making autho-
rity. Robot-specific informed consent should provide
enough information for the patient to decide whet-
her to accept that technological and decisional ar-
rangement without turning the consent process into
a technical manual. Consent to the disclosed risks of
robotic or autonomous treatment, moreover, does
not constitute consent to negligent use, inadequate
supervision, or a defective technological system.

10. Comparative Implications: Limits of
the "Robot-as-Tool” Model

Current Chinese practice provides a useful example
of the consequences of legal classification. Robot-as-
sisted surgical interventions are generally characteri-
zed as complementary or assistive tools rather than
as procedures performed by a robotic legal actor.
Claims consequently tend to target hospitals, while
medical appraisal bodies evaluate the medical inter-
vention as a whole instead of separately assessing
the robot's algorithmic operation or autonomous
decision-making capacity (Shentu, 2024: 5).

Given the present autonomy of most medical ro-
bots, this approach is internally coherent. Predomi-
nantly assistive technology can reasonably be trea-
ted as a tool while essential medical decisions and
their execution remain under the surgeon's control
(Shentu, 2024: 5). The tool model, however, has an
inherent endpoint.

Once the robot autonomously performs clinically
critical perception, planning, or execution functions,
treating every outcome as part of the hospital's me-
dical act may obscure the actual source of risk. Some
appraisal institutions have reported inadequate ca-
pacity to assess the robotic dimensions of the tech-
nologies before them, with the result that algorith-
mic structure or artificial intelligence may fall outside
the causal analysis (Shentu, 2024: 5).

Courts may therefore possess mature structures for
evaluating hospitals while lacking comparable mec-
hanisms for autonomous systems, creating a syste-
mic tendency toward malpractice-based characte-
rization. Clearer allocation of responsibility among
stakeholders and stronger pre-market oversight of
high-risk medical robots have accordingly been re-
commended.

10.1. Would Legal Personality Change
Liability Attribution?

The increasing decisional autonomy of surgical ro-
bots raises a further question: would the allocation
of liability change if an autonomous surgical robot
were recognized as a legal person? Current appro-
aches remain cautious about such a step. It is argu-
ed that the present denial of legal personality to Al
is appropriate at the current stage of technological
development (Shentu, 2024: 6). Similarly it is recog-
nized that existing classifications of responsibility
may require reconsideration if robots were eventual-
ly granted a legal status comparable to that of per-
sons (O'Sullivan et al., 2019: 7).

Granting legal personality would alter the formal
structure of liability by making the autonomous ro-
bot itself a potential bearer of legal duties and, at
least in principle, a possible subject of a direct li-
ability claim. It would not, however, by itself resol-
ve the underlying problem of compensation or risk
attribution. Direct liability of the robot would have
practical value only if accompanied by a mecha-
nism from which compensation could be obtained,
such as dedicated assets, compulsory insurance, or
a compensation fund. More importantly, recogniti-
on of robotic legal personality should not automa-
tically release manufacturers, hospitals, or clinicians
from responsibility for risks attributable to their own
conduct. A defective algorithm may still originate in
product design, unsafe deployment may remain att-
ributable to the healthcare institution, and negligent
supervision may remain attributable to the clinician.

Legal personality could therefore add another po-
tential subject to the liability structure without eli-
minating existing grounds of malpractice, institutio-
nal negligence, or product liability. Indeed, treating
the robot as a separate legal person while allowing
manufacturers or healthcare institutions to avoid
responsibility for risks that they designed, introdu-
ced, or controlled could itself create a new accoun-
tability gap. The relevant question would remain
where the materialized risk originated, and which
actor had meaningful control over it.

For this reason, legal personality is neither neces-
sary nor sufficient for the ACRA framework. Under
present law, ACRA allocates responsibility among
existing legal actors by examining autonomous fun-
ction, meaningful human control, risk provenance,
informational control, and interaction failures. If fu-
ture legislation were to recognize autonomous ro-
bots as legal persons, the robot could be added as
another potential node within that analysis, but the
underlying inquiry would remain unchanged. Legal
personality may therefore change the range of pos-
sible liable subjects, but it does not eliminate the
need to examine manufacturer, institutional, and
professional responsibility.
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11. Legal Responsibility, Algorithmic
Explainability, and the Burden of Proof

An effective liability regime for autonomous surgery
depends on evidence capable of reconstructing the
event after harm occurs.

Autonomous robotic surgery introduces a new evi-
dentiary category alongside conventional medical
record. Relevant evidence may include continu-
ous sensor streams, commands sent to the system,
Al-generated outputs, transitions between system
states, warnings, software-version information, ca-
libration records, updates, and timestamps of sur-
geon intervention.

The preservation of such records is closely connec-
ted to the attribution of responsibility. A “black-box”
or flight-recorder approach can preserve system in-
puts, internal states, and outputs so that failures can
be analyzed and evidence retained for later disputes
(O'Sullivan et al., 2019: 5-7). Recording alone, howe-
ver, is not sufficient. A distinction remains between a
physical black box that records events and an algo-
rithmic black box whose internal operation remains
difficult to interpret despite the availability of recor-
ds (O'Sullivan et al., 2019: 5).

A formal right to sue a manufacturer may remain
largely theoretical if the patient cannot access or
interpret the data necessary to show how techno-
logy contributed to the injury. Increasing autonomy
should therefore be accompanied by a proportiona-
te duty of traceability. As machine independence in
decision-making increases, records should permit
later determination of:

e who initiated the relevant action or procedure;

* which software and model version was in ope-
ration;

e which sensor data the system relied upon;

® which action or strategy the system selected;

e whether a warning was generated;

* what the surgeon could observe at the relevant
time;

e whether intervention was technically possible;
and

® whether a post-market update or maintenance
event affected the behavior.

Traceability is not merely an evidentiary convenien-
ce; it is a precondition for meaningful attribution of
responsibility.

12. Discussion

The analysis produces three principal conclusions.

First, liability should be redistributed only insofar
as control is actually redistributed. The presence of
an automated component does not automatically
release the surgeon from professional obligations.

Where the surgeon determines clinical strategy,
understands system behavior, and can realistically
intervene, malpractice remains an appropriate fra-
mework. By contrast, once operative actions and
decisions are genuinely delegated to autonomous
software, continuing to place the principal burden
on the surgeon increasingly conflicts with the logic
of negligence-based responsibility.

Second, product liability and medical malpractice
increasingly overlap rather than function as alter-
natives. Contemporary design-defect and warning
analyses already employ concepts of reasonable-
ness, foreseeability, and preventability that resemble
negligence analysis. This convergence is particularly
significant in autonomous surgery because courts
may need to distinguish whether a failure originated
in product design, professional misuse, inadequa-
te training, or institutional malfunction (Cho, 2026:
310-311). The central question is therefore less a
categorical choice between fault and strict liability
than which actor was best positioned to foresee and
manage the relevant risk.

Third, human supervision cannot simultaneously be
used to justify the safety of an autonomous system
and as an automatic mechanism for transferring
responsibility away from the technology provider. If
manufacturers and hospitals rely on surgeon presen-
ce as a safety layer, the surgeon must receive enou-
gh information and practical intervention authority
to perform that function. Where technical design
prevents real-time understanding or effective in-
terruption, the nominal title of “supervisor” should
not, by itself, divert liability from the technology
provider. Contractual arrangements between hos-
pitals and manufacturers may allocate certain risks
through warranties, indemnity clauses, maintenance
obligations, or insurance requirements. Such arran-
gements may be relevant to the internal distribution
of financial loss between the parties, but they should
not by themselves determine liability toward an inju-
red patient. Similarly, the existence of professional,
product, or institutional liability insurance affects
how losses may ultimately be absorbed, rather than
the prior question of which actor legally controlled
or created the risk that materialized.

This perspective also refines Pasquale's comple-
mentary/substitutive distinction. Complementarity
and substitution are not immutable properties of a
system as a whole; they are situational characteristi-
cs that should be assessed function by function. A
future surgical robot may complement the clinician
during diagnosis, substitute for the clinician during
execution of a trajectory, and return to a comple-
mentary role during postoperative assessment. Lia-
bility should remain flexible enough to track these
changes in the control architecture.

The resulting model is better understood as a con-
tinuum than as a fixed category: meaningful human
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control and malpractice predominance at one end;
mixed control and concurrent responsibility in the
middle; and autonomous risk management with inc-
reasing product-side responsibility toward the other
end.

This is a rebuttable orientation, not an absolute rule.
A highly autonomous procedure may still involve
surgeon negligence, just as a minimally autonomous
device may contain a manufacturer defect. Auto-
nomy is therefore not dispositive; it guides the initial
inquiry and helps determine the extent to which law
should expect one actor to foresee and prevent the
failures of another.

Liability rules must also remain sensitive to the dis-
tinctive lifecycle of software. Because software is
comparatively error-prone and continuously deve-
loped and updated, undifferentiated application of
excessively burdensome liability standards may in-
hibit technological development (Yunlt, 2024: 538).
The objective should not be maximum manufacturer
liability, but liability calibrated to actual and legally
meaningful control over preventable risk.

13. Conclusion

The increasing use of autonomous systems raises
important questions concerning the allocation of
responsibility for their actions and outcomes. Au-
tonomous surgical robotics exposes the limits of
doctrines built around a relatively clear distinction
between professional services and manufactured
products. Traditionally, the surgeon supplied me-
dical judgment and technical skill while the device
supplied a tool. Increasing autonomy erodes that
distinction as surgical robots acquire the capacity
to observe anatomy, generate strategies, execute
tasks, respond to changing conditions, and perform
functions once constitutive of the surgeon's profes-
sional activity.

The legal response should be neither to grant ro-
bots legal personhood nor to force every injury into
a single category of malpractice or product liability.
A more defensible solution is to align responsibility
with the actual architecture of control.

The ACRA framework therefore asks which function
was autonomous, whether meaningful human inter-
vention was realistically possible, where the mate-
rialized risk originated, and which actor possessed
the information and practical capacity necessary to
prevent the harm. Where surgeons or hospitals reta-
in genuine control over the relevant clinical risk, pro-
fessional negligence should remain central. Where
harm results from manufacturing defects, unreaso-
nable design, defective software, inadequate war-
nings, or autonomous behavior that healthcare pro-
fessionals could not reasonably detect or prevent,
product-side liability should gain greater weight.
Where these causes interact, concurrent liability is

more appropriate than artificially selecting a single
doctrinal category.

This approach protects surgeons from becoming a
moral crumple zone that absorbs responsibility for
increasingly machine-generated decisions while
also preventing advanced technology from beco-
ming a shield against genuine professional respon-
sibility. The decisive question is not whether the
human or the robot “performed the surgery.” It is
who exercised meaningful control over the risk that
caused the harm. As surgical systems become more
autonomous, that question should become a central
principle for drawing the boundary between medi-
cal malpractice and product liability.
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