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Abstract

Background/Objectives: In modern medicine, humanization of care is a central theme
that highlights the complementarity of clinical care with empathy, communication, and
patient-centered values. The increasing use of robotic surgery is rapidly modifying surgi-
cal practice, introducing new challenges and opportunities in preserving the human di-
mension of care. This review aimed to synthesize the available evidence and propose a
conceptual model of humanized robotic surgical care. Methods: A structured narrative
review of the PubMed/MEDLINE database (from inception to January 2026) was con-
ducted using predefined keywords related to humanization of care, robotic surgery, pa-
tient perception, surgeon experience, human factors, communication, ethics, and techno-
logical mediation. Relevant English-language publications were critically synthesized to
develop a conceptual framework. Results: The literature indicates that robotic surgery
influences humanized care through three interconnected domains. First, patients fre-
quently perceive robotic surgery as more precise and technologically advanced, which
may generate unrealistic expectations and misconceptions regarding robotic autonomy.
Second, robotic platforms reshape the surgeon’s experience by improving ergonomics
while simultaneously modifying cognitive workload, sensory feedback, and professional
identity. Third, technology itself acts as an active mediator influencing communication,
trust, decision-making, and relational dynamics. Building upon these findings, we pro-
pose an original triangular conceptual framework integrating the patient, the surgeon,
and the technology as three interdependent determinants of humanized robotic surgical
care. The framework also provides a conceptual basis for understanding the future inte-
gration of artificial intelligence into surgical practice. Conclusions: Humanization of care
in the era of robotic surgery requires an integrated approach that recognizes the interde-
pendence of patient perception, surgeon experience, and technological mediation. Ensur-
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ing effective communication, supporting surgeon well-being, and preserving ethical prin-
ciples will be essential to aligning innovation with patient-centered care.

Keywords: robotic surgery; humanized surgical care; technological mediation;
patient-centered care; human factors; artificial intelligence

1. Introduction

Humanization of care is a fundamental principle of modern medicine, emphasizing
the centrality of the patient as a whole person rather than a mere recipient of technical
interventions [1,2]. Rooted in the biopsychosocial model and further developed through
patient-centered care frameworks and narrative medicine, humanized care aims to inte-
grate clinical effectiveness with empathy, communication, relational continuity, and re-
spect for individual values and experiences [3,4].

Over the last decades, technological innovation has profoundly transformed
healthcare delivery, improving diagnostic accuracy, surgical precision, and clinical out-
comes [5]. However, increasing technological complexity has also raised concerns regard-
ing preservation of the human dimension of care, as technology progressively mediates
the interaction between clinicians and patients [6].

Surgery represents a particularly complex field in this context because it is inherently
invasive and frequently associated with vulnerability, fear, and dependence. Conse-
quently, preserving communication, trust, empathy, and relational continuity throughout
the perioperative pathway remains essential for maintaining humanized surgical care [7].

The introduction of minimally invasive surgery marked the first major shift toward
technologically mediated interaction, reducing direct tactile contact while preserving the
surgeon’s physical presence at the patient’s bedside. Robotic surgery has further trans-
formed the surgical act through a console-based interface that introduces an additional
technological layer between surgeon and patient. From the patient’s perspective, the most
significant transformation is often not the surgeon’s physical location, but the perception
that the robot itself performs the operation [8,9]. Such misconceptions may influence ex-
pectations, trust, and informed consent, progressively shifting perceived agency from sur-
geon to technology [10,11]. At the same time, robotic systems reshape the surgeon’s expe-
rience by modifying ergonomics, cognitive workload, sensory perception, and profes-
sional identity [12-15].

Within this evolving landscape, technology should not be viewed merely as a tech-
nical instrument, but as an active mediating component capable of influencing both pa-
tient perception and surgeon experience [9-11]. Humanization of care can therefore no
longer be interpreted as a purely dyadic surgeon—patient relationship, but rather as a tech-
nologically mediated interaction involving patient, surgeon, and technology.

The aim of this narrative review is twofold. First, we synthesize the current literature
addressing the impact of robotic surgery on patient perception, surgeon experience, and
the humanization of surgical care. Second, we propose a conceptual triangular framework
that integrates three interdependent dimensions—patient, surgeon, and technology —to
better understand how humanized surgical care is shaped within increasingly technology-
mediated environments. Although concepts such as patient-centered care, socio-technical
systems, human factors engineering, implementation science, and artificial intelligence
have substantially contributed to understanding specific aspects of healthcare delivery,
they primarily address these dimensions independently (Table 1). To our knowledge, no
existing conceptual model explicitly integrates the reciprocal interactions among patient,
surgeon, and technology as the central determinants of humanized care in robotic surgery.
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Table 1. Comparison between existing conceptual frameworks and the proposed triangular model

of humanized robotic surgical care.
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2. Materials and Methods

The review was designed to provide a conceptual rather than exhaustive synthesis
of the literature and therefore, it is presented as a narrative review. However, it was con-
ducted using a structured literature search of the PubMed (MEDLINE) database, per-
formed in January 2026. Search terms combined controlled vocabulary and free-text key-
words related to humanization of care, robotic surgery, and technology-mediated
healthcare. The following keywords and their combinations were used: “humanization of
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care”, “humanized care”, “patient-centered care”, “robotic surgery”, “robot-assisted surgery”,

77 Vi JZ7i

“laparoscopic surgery”, “surgeon experience”, “patient perception”, “human factors”, “human
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factors engineering”, “technological mediation”, “artificial intelligence”, “shared decision-mak-
ing”, “surgical communication”, “ethics”, “surgeon-patient relationship”, and “healthcare tech-
nology”. Boolean operators (“AND” and “OR”) were used to optimize retrieval.

The review considered original studies, systematic reviews, narrative reviews, con-
sensus statements, clinical guidelines, and ethical or theoretical articles addressing one or
more of the following topics: humanization of care; patient-centered care; robotic surgery;
surgeon experience; patient perception; human factors; technological mediation; ethics of
robotic surgery; and/or artificial intelligence in surgery.

Preference was given to publications written in English and to recent high-quality
evidence, including systematic reviews and landmark articles. Conference abstracts, edi-
torials without conceptual relevance, non-English publications, and articles not directly
related to the objectives of the review were excluded. The retrieved literature was
screened for relevance by the authors based on titles and abstracts, followed by full-text
evaluation when appropriate. Because the objective of the review was to develop a con-
ceptual framework rather than to quantitatively summarize the evidence, no formal sys-
tematic review methodology, risk-of-bias assessment, or meta-analysis was performed.
Instead, the selected literature was critically interpreted and synthesized to identify the
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principal themes concerning patient perception, surgeon experience, technological medi-
ation, and the humanization of robotic surgical care. These themes subsequently informed
the development of the proposed triangular conceptual framework.

3. Humanization in Medical Care

The concept of humanization of care emerged progressively as a response to the in-
creasing technological and organizational complexity of modern medicine. Traditionally,
medical care was predominantly centered on disease-oriented and biomedical ap-
proaches, with limited attention to the patient’s subjective experience. The development
of the biopsychosocial model represented a major conceptual shift by recognizing that
health and illness are influenced not only by biological factors, but also by psychological,
social, relational, and contextual dimensions [1].

Within this framework, humanized care extends beyond technical effectiveness alone
and encompasses communication, empathy, relational continuity, patient involvement,
and respect for individual values and preferences. Closely related concepts such as pa-
tient-centered care and narrative medicine have further reinforced the importance of un-
derstanding the patient not merely as a clinical case, but as a person experiencing illness
within a broader personal and social context [2-4].

Importantly, humanization should not be interpreted as opposition to technological
innovation. Rather, it concerns the ability to integrate technological progress within a care
model that preserves the relational and experiential dimensions of medicine. In this sense,
technology may both support and challenge humanized care depending on how it influ-
ences communication, perception, decision-making, and the therapeutic relationship [5-
7]. This issue becomes particularly relevant in surgery, where the relationship between
technical performance and human interaction is especially complex. Surgical care inher-
ently combines high technological intensity with profound patient vulnerability, making
preservation of trust, communication, and relational continuity essential throughout the
perioperative process [7].

Within this evolving landscape, the progressive technological mediation introduced
by minimally invasive and robotic surgery raises new questions regarding how humani-
zation should be interpreted and maintained in increasingly interface-based surgical en-
vironments.

4. Evolution of Surgical Practice: From Direct Manual Interaction to
Robotic Mediation

Technological innovation has progressively transformed surgical practice over the
last decades, not only by modifying operative techniques but also by reshaping the way
surgeons interact with patients and experience the surgical act itself. Yet this evolution
should be read not as a linear technical progression, but as a complex historical process
shaped by recurring tensions between innovation and the preservation of the relational
dimensions of care. The transition from open surgery to minimally invasive and robotic
approaches can be interpreted as a gradual evolution from direct physical interaction to-
ward increasingly mediated forms of surgical engagement.

4.1. Open Surgery: Direct Gesture, Touch, and Physical Presence

Open surgery represents the traditional model of surgical interaction, characterized
by direct physical engagement between surgeon and patient. In this setting, the surgeon
interacts with tissues through direct manual contact, tactile feedback, and immediate vis-
ual perception of the operative field. Surgical expertise is therefore deeply connected to
the embodied experience of touch, gesture, and physical proximity.
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Within this environment, the surgeon’s presence remains fully integrated into the
operative act. The relationship between technical performance and human interaction is
immediate and continuous, as the surgeon directly experiences the patient’s anatomy, tis-
sue resistance, and intraoperative responses. In this sense, open surgery represents the
least technologically mediated form of surgical care. At the same time, open surgery also
reflects the traditional symbolic image of the surgeon as a physically present and directly
acting caregiver, reinforcing the perception of the surgeon as the central agent of treat-
ment and responsibility.

4.2. Laparoscopy as the First Technological Discontinuity

The introduction of laparoscopic surgery marked the first major technological dis-
continuity in modern surgical practice [16]. By replacing large incisions with small access
ports and introducing camera-guided visualization, minimally invasive surgery pro-
foundly modified the interaction between surgeon and patient [16,17]. Compared with
open surgery, laparoscopy reduced direct tactile interaction and progressively shifted the
surgeon’s perception of the operative field from direct manual experience toward moni-
tor-mediated visualization. The surgeon no longer interacted directly with tissues through
the hands alone, but increasingly through instruments and visual interfaces.

Importantly, the relevance of this transformation extends beyond technical execu-
tion. The progressive introduction of technological interfaces does not merely alter surgi-
cal technique, but also modifies the experiential dimension of surgery itself. The reduction
in direct sensory interaction partially transforms the embodied nature of surgical practice,
while the operative act becomes progressively mediated by technology [17]. Nevertheless,
despite this technological mediation, laparoscopy preserved the surgeon’s physical pres-
ence at the patient’s bedside and maintained the surgeon as the clearly identifiable central
actor of care. Consequently, the traditional relational structure of surgery remained
largely preserved, representing an intermediate stage between direct and interface-based
surgical interaction.

4.3. Robotic Surgery: Interface-Based Interaction and Reconfiguration of Surgical Experience

The increasing adoption of robotic platforms represents a further stage in the techno-
logical evolution of surgery, introducing a deeper form of mediation between surgeon
and patient [13,18]. In robotic procedures, the surgeon operates from a console that trans-
lates hand movements into actions performed by robotic instruments within the patient’s
body. Compared with laparoscopy, robotic surgery introduces an additional technologi-
cal layer that further transforms both the sensory and relational dimensions of surgical
care. The surgeon’s interaction with the operative field becomes increasingly interface-
based, relying predominantly on visual information because true haptic feedback remains
limited. Consequently, the surgical experience progressively shifts from direct tactile en-
gagement toward digitally mediated perception [19,20].

Importantly, the impact of robotic surgery extends beyond technical execution. Alt-
hough the physical separation between surgeon and patient is generally not perceived
directly by the patient intraoperatively, it substantially modifies the operative environ-
ment experienced by the surgical team and may influence the surgeon’s sense of proxim-
ity, embodiment, and engagement with the operative act. At the same time, robotic sur-
gery may alter how patients perceive the surgical procedure itself [9-11]. Patients may
attribute a more active role to the robotic system, potentially perceiving technology rather
than the surgeon as the principal actor of care. Such misconceptions may influence trust,
expectations, and informed consent [8].

https://doi.org/10.3390/healthcare14142216


https://doi.org/10.3390/healthcare14142216

Healthcare 2026, 14, 2216

6 of 16

This transformation therefore represents not only a technological advancement but
also a progressive reconfiguration of the relationship between surgeon, patient, and tech-
nology, reshaping both the experience and the perception of surgical care.

5. Impact of Robotic Surgery on Patient Perception

The patient’s perception of surgical care represents a central component of human-
ized medicine, particularly in technologically advanced settings such as robotic surgery.
Beyond clinical outcomes alone, patients interpret surgical interventions through expec-
tations, emotions, beliefs, and perceptions that influence trust, decision-making, and over-
all experience of care [8,9].

5.1. Patient Expectations and Technological Perception

The growing diffusion of robotic surgery has progressively associated technological
innovation with concepts such as precision, safety, minimal invasiveness, and superior
clinical performance. Consequently, patients frequently perceive robotic procedures as
inherently more advanced or effective than conventional surgical approaches, even when
comparative evidence remains heterogeneous [10,11]. These perceptions are shaped not
only by clinical information, but also by media representation, institutional communica-
tion, and broader social narratives surrounding technological innovation. Patient ac-
ceptance of robotic surgery is also likely to be influenced by several individual and con-
textual determinants. Educational level and health literacy may affect patients’ ability to
understand the respective roles of the surgeon and the robotic system, whereas previous
surgical experiences may shape expectations regarding the perceived benefits and risks of
robotic procedures. In addition, cultural attitudes toward technology, trust in healthcare
systems, and media representation of robotic surgery may contribute to substantial vari-
ability in patient perceptions across different countries and healthcare settings. These fac-
tors may partly explain the heterogeneity observed in studies investigating patient atti-
tudes toward robotic surgery and should be considered when developing communication
strategies and informed consent processes.

As a result, robotic surgery may acquire a symbolic value extending beyond its tech-
nical characteristics, becoming associated with progress, modernity, and therapeutic su-
periority. Within this context, patient expectations may become particularly elevated, po-
tentially influencing satisfaction, trust, and interpretation of surgical outcomes [8,21]. Pre-
serving alignment between patients’ expectations and clinical reality therefore represents
an important component of patient-centered surgical care and requires communication
strategies tailored to individual health literacy, prior experiences, and sociocultural con-
text.

5.2. Misconceptions and Attribution of Agency

One of the most frequently discussed aspects of patient perception in robotic surgery
concerns how patients interpret the role of the robotic system during the operative proce-
dure. Although several qualitative studies and patient surveys have suggested that some
individuals may partially attribute agency to the robotic platform, the available evidence
remains relatively limited and derives primarily from observational investigations con-
ducted in selected surgical specialties [8-10,21]. Importantly, this perception does not nec-
essarily derive from misunderstanding of technical details alone, but reflects the symbolic
visibility acquired by technology within robotic surgery. The robot may progressively be-
come perceived as the central element of the procedure, while the surgeon’s role risks
becoming less immediately visible within the patient’s mental representation of the oper-
ation. Patients’ perceptions of robotic autonomy should not be regarded as universal but
rather as context-dependent phenomena that warrant further investigation. Future multi-
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center qualitative and quantitative studies will be necessary to determine the consistency
of these perceptions across different clinical settings and surgical specialties.

Finally, shift in perceived agency may influence trust dynamics, expectations, and
informed consent. Patients may develop unrealistic expectations regarding precision,
safety, or automation, potentially attributing outcomes more to technology than to surgi-
cal expertise and clinical decision-making [10-12,22]. These findings highlight that robotic
surgery not only transforms operative technique, but also modifies how surgical respon-
sibility and therapeutic action are perceived within the surgeon—patient relationship.

5.3. Communication and Informed Consent in Technologically Mediated Surgery

In this evolving context, communication becomes increasingly important for preserv-
ing the human dimension of surgical care. Effective informed consent should not be lim-
ited to technical explanation of the procedure, but should also address patient percep-
tions, expectations, and misconceptions regarding robotic technology [8,12,21]. Patients
should clearly understand that robotic systems function as surgeon-controlled instru-
ments rather than autonomous operative agents. Clarifying the respective roles of surgeon
and technology is essential for maintaining trust, supporting shared decision-making, and
ensuring realistic expectations regarding outcomes.

More broadly, communication in robotic surgery extends beyond information trans-
fer alone and becomes part of the relational process through which patients interpret and
emotionally experience technologically mediated care. Preserving transparency, rela-
tional continuity, and patient engagement therefore remains fundamental to maintaining
humanized care within increasingly technological surgical environments.

6. Impact of Robotic Surgery on Surgeon Activity and Perception

Robotic surgery substantially reshapes the surgeon’s experience of surgical practice
by introducing both important advantages and new cognitive, technical, and organiza-
tional challenges. Beyond technical execution, robotic systems influence ergonomics, sen-
sory interaction, cognitive processes, professional identity, and the relational dimensions
of surgical care. Understanding both the benefits and the limitations of these technologies
is essential for preserving humanized surgical practice.

6.1. Surgeon Experience: Ergonomics, Cognition, and Embodiment

Among the most consistently reported benefits of robotic surgery are improved er-
gonomics and reduced physical strain. Compared with open and laparoscopic proce-
dures, robotic platforms allow surgeons to operate in a more neutral seated position with
improved instrument articulation, wrist mobility, and three-dimensional visualization.
Several observational studies and systematic reviews have demonstrated reductions in
musculoskeletal discomfort affecting the neck, shoulders, back, and upper limbs, which
represent common occupational problems among surgeons performing conventional
minimally invasive surgery [23-25]. These ergonomic improvements may contribute not
only to greater intraoperative comfort but also to improved concentration during pro-
longed procedures and potentially reduced cumulative physical burden associated with
long surgical careers. Moreover, these ergonomic benefits are accompanied by important
cognitive and perceptual changes. In robotic surgery, the surgeon interacts with the oper-
ative field through a console-based interface that translates hand movements into digitally
mediated instrument actions. Consequently, the operative experience progressively shifts
from direct physical interaction toward interface-based control.

Indeed, available evidence suggests that this technological evolution also modifies
aspects of the surgeon’s sensory and cognitive experience. From a conceptual perspective,
this transition may influence how surgeons embody the operative act and experience their
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interaction with patients. Traditional surgical practice is deeply connected to direct tactile
feedback, physical proximity, and manual interaction with tissues. In robotic surgery, sen-
sory perception becomes increasingly dependent on visual information, while haptic feed-
back remains limited [14,15,26]. As a result, surgeons must adapt to new forms of spatial
perception, motor coordination, and cognitive integration. At the same time, robotic sur-
gery may increase cognitive workload, particularly during the learning phase and in
highly complex procedures. Recent human factors studies and systematic reviews have
demonstrated that robotic surgery modifies rather than uniformly reduces surgeon work-
load, simultaneously improving ergonomics while increasing visual processing, interface
interaction, and cognitive demands [11,25,27,28]. These findings suggest that robotic sur-
gery does not simply improve surgical performance, but rather reconfigures how the sur-
gical act is physically and cognitively experienced by the surgeon.

6.2. Surgeon—Patient Relationship in a Technologically Mediated Environment

Although evidence remains limited, observational studies suggest that the physical
separation introduced by robotic surgery may alter team communication and the sur-
geon’s perceived proximity to the patient, thereby reinforcing the importance of preoper-
ative and postoperative interactions [28,29].

The introduction of robotic systems modified the environment in which the surgeon—
patient relationship develops. In robotic procedures, the surgeon operates from a console
physically separated from the patient during the operation. Although this separation is
not perceived directly by the patient intraoperatively, it substantially changes the opera-
tive environment experienced by the surgical team [28] and may influence the surgeon’s
sense of physical proximity and engagement with the operative act. Importantly, the sur-
geon—patient relationship extends well beyond the intraoperative setting itself. Trust,
communication, and shared decision-making are primarily established during preopera-
tive and postoperative interactions, which therefore acquire even greater importance
within technologically mediated surgery [12].

In this context, communication becomes essential not only for explaining technical
aspects of robotic procedures, but also for preserving relational continuity and reinforcing
the surgeon’s role as the primary agent of care. Maintaining visibility of the surgeon’s
expertise and responsibility is particularly important in environments where technology
risks becoming symbolically dominant within the patient’s perception of the procedure
[29]. These aspects highlight that the human dimension of surgery depends not only on
physical proximity, but also on preservation of communication, trust, and relational en-
gagement throughout the perioperative pathway.

6.3. Professional Identity, Responsibility, and Surgeon Well-Being

Emerging qualitative studies further suggest that interface-based surgery may pro-
gressively reshape surgeons’ professional identity by shifting emphasis from manual dex-
terity towards technological proficiency, cognitive integration, and systems management
[29-31].

The progressive adoption of robotic surgery also has important implications for sur-
gical education and mentorship. Traditional surgical training has historically relied on
direct observation, graduated operative autonomy, tactile feedback, and close physical
interaction between trainee and mentor. Robotic surgery partially modifies these educa-
tional dynamics by introducing console-based operating, digital interfaces, and simula-
tion-based learning. Although robotic platforms provide valuable opportunities for struc-
tured skill acquisition, objective performance assessment, and procedural simulation,
they also require adaptation of mentorship models to ensure that trainees develop not
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only technical competence but also communication skills, professional judgment, team-
work, and ethical responsibility.

Despite increasing technological mediation, responsibility for surgical decision-mak-
ing and patient safety remains firmly centered on the surgeon. Maintaining clarity regard-
ing accountability and professional responsibility therefore remains essential within ro-
botic surgery, particularly in contexts where patients may overestimate the autonomy of
technological systems [30,31]. In addition, attention to surgeon well-being is increasingly
important within technologically intensive surgical environments. Although robotic sys-
tems may reduce physical strain, the cognitive demands associated with prolonged inter-
face-based interaction, technological complexity, and high-performance expectations may
contribute to mental fatigue and burnout [25,27,28]. These considerations highlight that
preservation of humanized surgical care should also include attention to the surgeon’s
physical, cognitive, and emotional experience, recognizing clinician well-being as an im-
portant component of quality of care.

7. The Triangle of Humanization in Robotic Surgery:
A Conceptual Framework

The progressive integration of robotic systems into surgical practice has transformed
not only technical execution but also the relational dynamics through which surgical care
is experienced and delivered. The findings discussed throughout this review suggest that
humanization in robotic surgery can no longer be interpreted exclusively through the tra-
ditional dyadic relationship between surgeon and patient. Instead, robotic surgery intro-
duces a third active component represented by technology itself, which increasingly me-
diates interaction, perception, communication, and operative experience.

Within this evolving context, we propose a conceptual framework in which human-
ized surgical care is understood as the dynamic interaction between three interconnected
dimensions: the patient, the surgeon, and technology (Figure 1). The patient dimension
includes expectations, emotional responses, trust, perception of the procedure, and inter-
pretation of the surgeon’s role. As discussed, robotic surgery may influence how patients
attribute agency, understand responsibility, and emotionally experience technologically
mediated care [8-12].

The surgeon dimension encompasses not only technical expertise, but also cognitive
workload, ergonomics, embodiment, professional identity, and relational engagement.
Within the conceptual framework proposed here, technology is conceptualized as an ac-
tive mediating interface capable of influencing perception, communication, and relational
dynamics between surgeon and patient [20,21,23-28].

Importantly, the quality of humanized surgical care depends not only on the individ-
ual characteristics of each component, but also on the balance of their interactions. The
patient-surgeon relationship remains central for trust and communication; the surgeon-—
technology interaction influences operative performance and cognitive experience; and
the patient-technology relationship shapes expectations, symbolic perception, and inter-
pretation of the surgical process. Within this framework, technological innovation should
not be viewed as inherently opposing humanization. Rather, the challenge lies in integrat-
ing increasingly complex technologies while preserving communication, trust, accounta-
bility, and relational continuity throughout the perioperative pathway.

Unlike existing patient-centered or technology-centered approaches, the proposed
triangular framework explicitly conceptualizes humanized surgical care as the dynamic
balance between three interacting actors, thereby providing an integrative perspective
through which technological innovation and human relationships can be considered sim-
ultaneously rather than independently.
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The proposed framework may also facilitate interpretation of everyday clinical situ-
ations encountered during robotic surgical practice. For example, during the preoperative
consultation, a patient may believe that the robot performs the operation autonomously.
Within the triangular framework, this situation reflects an imbalance in the patient—tech-
nology relationship that should be corrected through communication reinforcing the sur-
geon’s central role. Similarly, during the learning phase of robotic surgery, increased cog-
nitive workload experienced by the surgeon may temporarily influence communication
with the surgical team or the patient. In this case, the framework highlights the interaction
between surgeon and technology and emphasizes the importance of training, mentoring,
and human factors to maintain high-quality care. Finally, future Al-assisted decision-sup-
port systems may recommend specific operative strategies. The framework emphasizes
that such recommendations should support rather than replace clinical judgment, thereby
preserving surgeon accountability while maintaining patient trust and transparency (Ta-
ble 1).
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Figure 1. Schematic representation of the conceptual framework in which humanized surgical care

is integrated as the dynamic interaction between the patient, the surgeon, and the technology.

Emerging Artificial Intelligence and Future Challenge of Humanized Surgical Care

Robotic surgery is currently undergoing a second technological transformation
driven by the rapid integration of artificial intelligence (AI), machine learning, computer
vision, and advanced decision-support systems. Although contemporary robotic plat-
forms remain entirely surgeon-controlled, Al-assisted technologies are increasingly being
developed to support surgical planning, anatomical recognition, workflow optimization,
instrument guidance, performance assessment, and intraoperative decision-making
[32,33]. These innovations have the potential to improve precision, efficiency, and surgical
safety while reducing cognitive workload during complex procedures.

At present, autonomous robotic surgery remains largely experimental, with most
commercially available systems functioning as telemanipulation platforms under the di-
rect control of the surgeon. Nevertheless, increasing levels of automation may progres-
sively modify how responsibility, trust, and clinical decision-making are distributed be-
tween surgeons and intelligent systems. Questions regarding algorithm transparency, ex-
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plainability, accountability, data governance, and medico-legal responsibility are there-
fore becoming increasingly relevant.

Within this evolving landscape, the proposed triangular framework remains appli-
cable but also acquires greater significance. As artificial intelligence becomes progres-
sively integrated into robotic surgery, technology should no longer be considered merely
a passive interface but rather an increasingly adaptive and interactive component capable
of influencing clinical decisions, workflow organization, and surgeon—patient communi-
cation. Preserving the human dimension of surgical care will therefore require maintain-
ing the surgeon as the principal decision-maker while ensuring that Al functions as an
assistive technology that augments, rather than replaces, human expertise, empathy, and
ethical responsibility.

A further challenge associated with the increasing adoption of robotic surgery con-
cerns equitable access to technological innovation. Although robotic platforms have ex-
panded considerably over the past two decades, their availability remains highly hetero-
geneous across countries, healthcare systems, hospitals, and socioeconomic settings. Ac-
cess to robotic surgery may therefore depend not only on clinical indications but also on
institutional resources, geographical location, healthcare infrastructure, reimbursement
policies, and patients” socioeconomic status. Such disparities raise important ethical ques-
tions because unequal access to advanced surgical technologies may inadvertently con-
tribute to widening existing healthcare inequalities.

Cost-effectiveness also represents an important consideration. Although robotic sur-
gery may improve ergonomics, facilitate technically demanding procedures, and poten-
tially reduce selected postoperative complications, its substantial acquisition, mainte-
nance, and training costs continue to limit widespread implementation. Consequently,
decisions regarding adoption of robotic platforms should consider not only technical per-
formance but also long-term clinical value, sustainability, and equitable resource alloca-
tion. Future economic evaluations incorporating patient-reported outcomes, surgeon
well-being, and organizational benefits may provide a more comprehensive assessment
of the overall value of robotic surgery within different healthcare systems.

8. Discussion

The present review highlights how the progressive integration of robotic technolo-
gies into surgical practice has transformed not only technical performance but also the
human dimensions of surgical care. While robotic platforms consistently improve visual-
ization, dexterity, precision, and ergonomics, their influence extends beyond operative
outcomes, affecting patient perceptions, surgeon experience, communication, and the re-
lational dynamics that characterize the perioperative pathway [8-12,28,29]. Overall, the
available evidence suggests that robotic surgery modifies human interactions in ways that
cannot be fully explained by its technical advantages alone. Nevertheless, much of the
current literature remains observational, qualitative, or survey-based, highlighting the
need for prospective studies evaluating patient-reported experience measures, surgeon
well-being, communication quality, and shared decision-making in technologically medi-
ated surgical environments.

The principal contribution of this review lies in proposing an original conceptual
framework for understanding humanized care in robotic surgery. Although patient-cen-
tered care, socio-technical systems, human factors engineering, and, more recently, hu-
man-centered artificial intelligence have each contributed substantially to healthcare re-
search, these approaches generally address individual components of healthcare delivery.
Patient-centered care primarily emphasizes communication, empathy, shared decision-
making, and patient experience. Socio-technical systems focus on interactions between
humans, technologies, and organizational processes. Human factors engineering seeks to

https://doi.org/10.3390/healthcare14142216


https://doi.org/10.3390/healthcare14142216

Healthcare 2026, 14, 2216

12 of 16

optimize safety, usability, and system performance, whereas human-centered Al aims to
ensure that intelligent systems remain transparent, trustworthy, and supportive of human
decision-making. Rather than replacing these complementary perspectives, the triangular
framework proposed here integrates them into a unified conceptual model specifically
adapted to robotic surgery by explicitly considering the patient, the surgeon, and the tech-
nology as three interdependent actors whose reciprocal interactions determine the quality
of humanized surgical care.

Existing models rarely consider technology as an active relational component capa-
ble of simultaneously influencing patient perceptions, surgeon cognition, communication,
trust, professional identity, and therapeutic relationships. As robotic surgery progres-
sively evolves towards increasingly intelligent and interconnected systems, understand-
ing these reciprocal interactions becomes essential for preserving the human dimension
of care.

Thus, the proposed framework contributes to the broader discussion surrounding
humanized care in the era of digital medicine. Traditionally, humanization has been un-
derstood as preserving empathy, communication, trust, and relational continuity despite
increasing technological complexity. However, the ongoing digital transformation of
healthcare —including robotic surgery, telemedicine, artificial intelligence, digital deci-
sion-support systems, and remote healthcare—has progressively altered the context in
which these relationships develop. Humanized care should therefore no longer be inter-
preted solely as the quality of the patient—clinician relationship but also as the ability to
preserve human values while interacting with increasingly sophisticated technologies.
Within this perspective, technology should not be viewed as inherently dehumanizing;
rather, its influence depends on how it is designed, implemented, and integrated into clin-
ical practice.

This broader perspective is also consistent with current theories of technology ac-
ceptance. Existing technology acceptance models have traditionally focused on healthcare
professionals, emphasizing perceived usefulness, usability, trust, and willingness to
adopt innovative technologies. Robotic surgery illustrates that technology acceptance ex-
tends beyond clinicians to include patients, whose expectations, beliefs, and perceptions
of robotic systems may substantially influence informed consent, shared decision-making,
trust, and satisfaction. The available evidence suggests that some patients may attribute a
greater operative role to robotic systems than is technically justified; however, this phe-
nomenon remains supported primarily by qualitative studies and surveys, and its preva-
lence across different surgical specialties and healthcare settings remains uncertain. Con-
sequently, patient attribution of agency should be regarded as an emerging and context-
dependent phenomenon that warrants further empirical investigation rather than an es-
tablished characteristic of robotic surgery.

Similarly, the proposed framework complements traditional human factors engi-
neering by extending its scope beyond technical performance and patient safety to include
relational and ethical dimensions of care. Human factors approaches primarily aim to op-
timize interactions between humans and technology in order to improve efficiency, usa-
bility, and safety. Our framework suggests that successful integration of robotic surgery
also requires preserving communication, professional identity, accountability, empathy,
and patient trust. In this sense, technology should be considered not only as an operative
tool but also as an active mediator of the therapeutic relationship.

The review also highlights the importance of considering both the benefits and chal-
lenges experienced by surgeons. Current evidence consistently demonstrates that robotic
surgery improves ergonomics, reduces musculoskeletal strain, and facilitates technically
demanding procedures through enhanced visualization, tremor filtration, and instrument
articulation [23-28]. These advantages may contribute to improved occupational health,
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greater procedural comfort, and potentially longer professional careers. Conversely, ro-
botic surgery also redistributes workload by shifting demands from predominantly phys-
ical tasks towards increased cognitive processing, interface interaction, and technological
management. Rather than representing a simple increase or decrease in workload, robotic
surgery appears to modify its nature, requiring surgeons to develop new cognitive, per-
ceptual, and communicative competencies alongside traditional technical expertise. Main-
taining surgeon well-being should therefore be regarded as an essential component of
humanized care, recognizing that clinician health, professional satisfaction, and occupa-
tional sustainability ultimately contribute to patient safety and quality of care.

The rapid integration of artificial intelligence further reinforces the relevance of the
proposed framework. Although currently available robotic systems remain entirely sur-
geon-controlled, emerging technologies incorporating machine learning, computer vi-
sion, predictive analytics, and decision-support algorithms are progressively changing
surgical practice [33,34]. These innovations may improve precision and efficiency while
simultaneously introducing new ethical questions concerning transparency, explainabil-
ity, accountability, autonomy, data governance, and equitable access to advanced tech-
nologies. Consequently, preserving humanized care will increasingly depend on main-
taining the surgeon as the principal clinical decision-maker with human expertise, empa-
thy, and professional responsibility.

The emergence of adaptive human-robot collaboration, digital twins, mixed reality,
and increasingly intelligent robotic platforms further supports the relevance of the pro-
posed framework [35]. Rather than viewing robotic surgery as a static technology, these
developments suggest that future surgical environments will involve continuous interac-
tion between surgeons and increasingly adaptive systems. Consequently, preserving hu-
manized care will depend not only on technical innovation but also on maintaining trans-
parency, human oversight, trust, and effective communication as human-robot collabo-
ration becomes progressively more sophisticated.

From a clinical perspective, the proposed framework has several practical implica-
tions. Communication strategies should explicitly address common misconceptions re-
garding robotic surgery and clarify the surgeon’s central role throughout the operative
process. Surgical education should evolve by incorporating communication skills, cogni-
tive ergonomics, human factors, and ethical reasoning alongside technical training. Fur-
thermore, healthcare organizations and technology developers should ensure that robotic
systems are implemented in ways that support rather than undermine clinician—patient
relationships. The framework may also provide a useful conceptual basis for evaluating
future innovations in digital surgery and Al-assisted healthcare.

This review has several limitations. First, as a narrative review, it does not follow the
methodological procedures of a systematic review and therefore remains susceptible to
selection bias in the identification and interpretation of the available literature. Although
the literature search was conducted using a structured strategy, no formal protocol, risk-
of-bias assessment, or quantitative synthesis was performed. Consequently, the conclu-
sions presented should be interpreted as a conceptual synthesis rather than a comprehen-
sive evaluation of the available evidence. Second, many of the considered studies were
observational, qualitative, or survey-based, reflecting the emerging nature of research on
humanization in robotic surgery. As a result, several concepts discussed —including pa-
tient perception, professional identity, and technology-mediated relationships—remain
difficult to quantify objectively and may vary across healthcare systems, surgical special-
ties, and cultural contexts. Accordingly, the proposed triangular framework should be
considered a theoretical model intended to facilitate understanding and generate future
hypotheses rather than a validated explanatory model. Finally, given the rapid evolution
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of robotic surgery and artificial intelligence, the proposed framework should be regarded
as dynamic and may require refinement as new empirical evidence becomes available.

The proposed framework also complements implementation science models, which
primarily focus on organizational determinants influencing implementation of healthcare
innovations. Unlike these approaches, our model specifically emphasizes the relational
interactions among patients, surgeons, and technology within the surgical environment.

Future multidisciplinary research should therefore focus on validating the proposed
framework across different surgical specialties and healthcare systems, exploring its ap-
plicability to other technology-mediated healthcare settings, and developing practical
tools capable of evaluating its impact on patient experience, clinician well-being, commu-
nication quality, technology design, and the ethical implementation of increasingly intel-
ligent surgical systems.

9. Conclusions

The triangular framework proposed in this review attempts to integrate the dimen-
sions that are individually considered in the current literature in a holistic approach, by
conceptualizing humanized surgical care as the dynamic interaction between patient, sur-
geon, and technology. Within this model, technology should be viewed as an active me-
diating component whose integration must remain balanced and ethically grounded.

Humanization of care depends on preserving communication, trust, accountability,
relational continuity, and clinician engagement within increasingly mediated surgical en-
vironments [2,5-7].

From a clinical perspective, several implications emerge:

¢ Communication strategies should specifically address common misconceptions re-
garding robotic surgery and clarify the surgeon’s central role within the operative
process [7,12].

e Surgical training programs should also incorporate cognitive, perceptual, and hu-
man factors alongside technical proficiency, recognizing that robotic surgery requires
adaptation not only of operative skills but also of relational and cognitive dimensions
of practice [28-31].

e  Attention to surgeon well-being is also increasingly important. Although robotic sur-
gery may improve physical ergonomics, the cognitive demands associated with tech-
nologically intensive environments may contribute to mental fatigue and burnout,
with potential implications for clinician performance and quality of care [25,27].

From a broader research perspective, the continuing expansion of resource-intensive
technologies such as robotic surgery raise several questions about:

e  Equity and access to care, particularly in healthcare systems where availability re-
mains limited or unevenly distributed.

e  Progressive integration of artificial intelligence, advanced automation [22], and tele-
surgical platforms [32,33] could introduce new forms of interaction and decision-
making within surgical care. Although these innovations are not yet fully integrated
into routine clinical practice yet, they may raise additional ethical and relational chal-
lenges concerning autonomy, accountability, data governance, and preservation of
the human dimension of care [34].

Future multidisciplinary research will therefore be required to better explore how
technological innovation may influence patient experience, surgeon well-being, commu-
nication, and relational dynamics within modern surgical care. Moreover, prospective val-
idation studies using qualitative and quantitative methodologies will be required before
the proposed framework can be considered applicable to routine clinical practice.

https://doi.org/10.3390/healthcare14142216


https://doi.org/10.3390/healthcare14142216

Healthcare 2026, 14, 2216 15 of 16

Funding: This research received no external funding.
Institutional Review Board Statement: Not applicable.
Informed Consent Statement: Not applicable.

Data Availability Statement: No new data were created or analyzed in this study. Data sharing is

not applicable to this article.

Acknowledgments: The authors have reviewed and edited the output and take full responsibility

for the content of this publication.

Conlflicts of Interest: The authors declare that they have no financial or personal relationships with
manufacturers of robotic surgical systems, artificial intelligence technologies, or related medical de-
vice companies that could have influenced the content of this review. The authors have no compet-

ing interests to declare.

References

10.
11.

12.

13.
14.

15.

16.

17.
18.

19.

20.

Engel, G.L. The need for a new medical model: A challenge for biomedicine. Science 1977, 196, 129-136.

Draeger, R.W.; Stern, P.J. Patient-centered care in medicine and surgery: Guidelines for achieving patient-centered subspecialty
care. Hand Clin. 2014, 30, 353-359.

Liao, J.; Wu, Z. Narrative medicine in surgery: Necessity or hindrance? Int. J. Surg. 2023, 109, 653—-654.

Cormack, B.; Stilwell, P.; Coninx, S.; Gibson, J. The biopsychosocial model is lost in translation: From misrepresentation to an
enactive modernization. Physiother. Theory Pract. 2023, 39, 2273-2288.

World Health Organization. Global Patient Safety Action Plan 2021-2030. Towards Eliminating Avoidable Harm in Health
Care. Available online: https://iris.who.int/server/api/core/bitstreams/a28c34c0-089c-4f5d-a0b1-5d9c35a3cd67/content (accessed
on 1 March 2026).

Moore, H.N.; de Paula, T.R.; Keller, D.S. Needs assessment for patient-centered education and outcome metrics in robotic sur-
gery. Surg. Endosc. 2023, 37, 3968-3973.

Poles, G.; Erlick, M.; Zimmer, A.; Russell, M. Exploring Key Elements of Surgical Shared Decision Making for Providers and
Older Adults. MDM Policy Pract. 2025, 10, 23814683251382259.

Jauniaux, B.; Anand, A.; Abbas, R.; Harji, D.P. From expectations to experiences: A systematic review of patient and public
perspectives on robotic surgery. |. Robot. Surg. 2025, 19, 484.

Brar, G.; Xu, S.; Anwar, M.; Talajia, K.; Ramesh, N.; Arshad, S.R. Robotic surgery: Public perceptions and current misconcep-
tions. J. Robot. Surg. 2024, 18, 84.

Chuchulo, A.; Ali, A. Is Robotic-Assisted Surgery Better? AMA ]. Ethics 2023, 25, E598-E604.

Catchpole, K.; Cohen, T.; Alfred, M.; Lawton, S.; Kanji, F.; Shouhed, D.; Nemeth, L.; Anger, ]. Human Factors Integration in
Robotic Surgery. Hum. Factors 2024, 66, 683-700.

Haltaufderheide, J.; Pfisterer-Heise, S.; Pieper, D.; Ranisch, R. The ethical landscape of robot-assisted surgery: A systematic
review. J. Robot. Surg. 2025, 19, 102.

Leal Ghezzi, T.; Campos Corleta, O. 30 Years of Robotic Surgery. World ]. Surg. 2016, 40, 2550—-2557.

Bethea, B.T.; Okamura, A.M.; Kitagawa, M.; Fitton, T.P.; Cattaneo, S.M.; Gott, V.L.; Baumgartner, W.A.; Yuh, D.D. Application
of haptic feedback to robotic surgery. J. Laparoendosc. Adv. Surg. Tech. A 2004, 14, 191-195.

Lim, S.C.; Lee, H.K,; Park, ]. Role of combined tactile and kinesthetic feedback in minimally invasive surgery. Int. . Med. Robot.
2015, 11, 360-374.

Spaner, S.J.; Warnock, G.L. A brief history of endoscopy, laparoscopy, and laparoscopic surgery. |. Laparoendosc. Adv. Surg. Tech.
A 1997, 7, 369-373.

Buia, A.; Stockhausen, F.; Hanisch, E. Laparoscopic surgery: A qualified systematic review. World ]. Methodol. 2015, 5, 238-254.
Lanfranco, A.R.; Castellanos, A.E.; Desai, ].P.; Meyers, W.C. Robotic surgery: A current perspective. Ann. Surg. 2004, 239, 14—
21.

Rivero-Moreno, Y.; Echevarria, S.; Vidal-Valderrama, C.; Pianetti, L.; Cordova-Guilarte, J.; Navarro-Gonzalez, J.; Acevedo-
Rodriguez, J.; Dorado-Avila, G.; Osorio-Romero, L.; Chavez-Campos, C.; et al. Robotic Surgery: A Comprehensive Review of
the Literature and Current Trends. Cureus 2023, 15, e42370.

Okamura, A.M. Haptic feedback in robot-assisted minimally invasive surgery. Curr. Opin. Urol. 2009, 19, 102-107.

https://doi.org/10.3390/healthcare14142216


https://doi.org/10.3390/healthcare14142216

Healthcare 2026, 14, 2216 16 of 16

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Moloney, R.; O'Brien, B.; Coffey, ].C.; Coffey, A.; Murphy, F. Patients’ Perceptions After Robot-Assisted Surgery: An Integrative
Review. AORN J. 2020, 112, 133-141.

Moustris, G.P.; Hiridis, S.C.; Deliparaschos, K.M.; Konstantinidis, K.M. Evolution of autonomous and semi-autonomous robotic
surgical systems: A review of the literature. Int. |. Med. Robot. 2011, 7, 375-392.

Szeto, G.P.; Ho, P.; Ting, A.C; Poon, ].T.; Cheng, SW.; Tsang, R.C. Work-related musculoskeletal symptoms in surgeons. J.
Occup. Rehabil. 2009, 19, 175-184.

Wilson, M.R.; Poolton, ].M.; Malhotra, N.; Ngo, K.; Bright, E.; Masters, R.S. Development and validation of a surgical workload
measure: The surgery task load index (SURG-TLX). World |. Surg. 2011, 35, 1961-1969.

Wong, S.W.; Crowe, P. Cognitive ergonomics and robotic surgery. J. Robot. Surg. 2024, 18, 110.

El Rassi, I.; El Rassi, ].M. A review of haptic feedback in tele-operated robotic surgery. J. Med. Eng. Technol. 2020, 44, 247-254.
Lim, C.; Obuseh, M.; Cha, J.; Steward, ].; Sundaram, C.; Yu, D. Neural insights on expert surgeons” mental workload during live
robotic surgeries. Sci. Rep. 2025, 15, 12073.

Gillespie, B.M.; Gillespie, J.; Boorman, R.J.; Granqvist, K.; Stranne, J.; Erichsen-Andersson, A. The Impact of Robotic-Assisted
Surgery on Team Performance: A Systematic Mixed Studies Review. Hum. Factors 2021, 63, 1352-1379.

Merdin-Uygur, E.; Ozturkcan, S.; Ozbilgin, M.F.; Yilmaz, F.; ince, O. Human-robot collaboration in surgery at the nexus of
knowledge, agency, and ownership. Sci. Rep. 2025, 15, 23642.

Szabd, B.; Orsi, B.; Csukonyi, C. Robots for surgeons? Surgeons for robots? Exploring the acceptance of robotic surgery in the
light of attitudes and trust in robots. BMC Psychol. 2024, 12, 45.

Randell, R.; Alvarado, N.; Honey, S.; Greenhalgh, J.; Gardner, P.; Gill, A.; Jayne, D.; Kotze, A.; Pearman, A.; Dowding, D. Impact
of Robotic Surgery on Decision Making: Perspectives of Surgical Teams. AMIA Annu. Symp. Proc. 2015, 2015, 1057-1066.
Marescaux, J.; Leroy, J.; Rubino, F.; Smith, M.; Vix, M.; Simone, M.; Mutter, D. Transcontinental robot-assisted remote telesur-
gery: Feasibility and potential applications. Ann. Surg. 2002, 235, 487-492.

Patel, V.; Moschovas, M.C.; Marescaux, J.; Satava, R.; Dasgupta, P.; Dohler, M. Telesurgery collaborative community working
group: Insights about the current telesurgery scenario. J. Robot. Surg. 2024, 18, 232.

Yang, G.Z.; Cambias, ].; Cleary, K.; Daimler, E.; Drake, J.; Dupont, P.E.; Hata, N.; Kazanzides, P.; Martel, S.; Patel, R.V.; et al.
Medical robotics-Regulatory, ethical, and legal considerations for increasing levels of autonomy. Sci. Robot. 2017, 2, eaam8638.
Feng, B.; Wang, Z.; Yuan, L.; Zhou, Q.; Chen, Y.; Bi, Y. Towards safe motion planning for industrial human-robot interaction: A

co-evolution approach based on human digital twin and mixed reality. Robot. Comput-Integr. Manuf. 2025, 95, 19.

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual au-

thor(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to

people or property resulting from any ideas, methods, instructions or products referred to in the content.

https://doi.org/10.3390/healthcare14142216


https://doi.org/10.3390/healthcare14142216

