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Regenerative medicine and tissue engineering represent an evolving frontier in
biomedical science that seeks to restore damaged tissues through the integration of
cellular biology, biomaterials, and bioprinting technologies. Within this field, limited
attention has been given to understanding the lived experiences of patients undergoing

Accepted 17-12-2025 regenerative therapy, particularly regarding how technological healing reshapes their

sense of body and identity. Despite clinical advancements, little is known about how
patients make meaning of their recovery processes and how these experiences influence
their adaptation to biomaterial-based treatments. This study adopts Interpretative
Phenomenological Analysis (IPA) and provides a clearer outline of its methodological
steps, including data familiarization, initial noting, emergent theme development, and
cross-case analysis. Participants consisted of twelve adults (7 males, 5 females; aged
25-62) who received regenerative treatment involving biomaterial scaffolds for
musculoskeletal conditions. Semi-structured interviews were conducted to capture their
detailed experiential accounts, and thematic analysis revealed four key experiential
themes: embodied patience, trust, ethical presence, and identity reconstruction. These
themes reflect not only emotional and existential responses but also practical challenges
encountered during rehabilitation. These findings demonstrate that regeneration is lived
not merely as biological repair but as an existential transformation in which patients
renegotiate the boundaries between technology and selfhood. Overall, the study clarifies
how methodological transparency and participant context illuminate the human
dimensions of regenerative healing. By reframing regenerative healing as a process of
meaning-making rather than purely physiological restoration, this study deepens
understanding of the human dimensions of biomedical innovation and underscores the
importance of integrating phenomenological inquiry into regenerative medicine to guide
more ethically attuned and patient-centered clinical practices.
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INTRODUCTION

Regenerative medicine and tissue engineering have emerged as transformative fields within
contemporary biomedical science, reshaping the boundaries of healing, recovery, and human
embodiment (Mukhlis, Suradi, et al., 2023; Mukhlis, 2025b). Through the integration of cellular
biology, biomaterials, and bioengineering, these disciplines aim not only to restore damaged tissues
but also to redefine the very nature of what it means to heal (Al-Massri et al., 2020). The development
of bioengineered scaffolds and regenerative implants has created unprecedented possibilities for
functional recovery, particularly for patients with complex wounds or degenerative conditions that
conventional medicine cannot adequately address (Ma et al., 2020). Despite these advancements, little
is known about how patients experience the personal, emotional, and identity-related aspects of
regenerative healing, indicating a lack of phenomenological attention in the field.

In clinical settings, regeneration is not merely a biological process but a deeply existential
experience. Patients undergoing tissue repair through bioengineered scaffolds encounter a unique
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transformation: their bodies become both subjects of healing and objects of technological intervention
(Maier et al., 2024). This dual reality introduces complex emotional and philosophical dimensions, as
individuals grapple with questions of bodily integrity, trust in medical innovation, and the meaning of
“wholeness.” The subjective journey of recovery often involves uncertainty, vulnerability, and hope
psychological states that are not easily captured through quantitative or physiological measures. In
this context, regeneration transcends the laboratory and becomes a lived phenomenon, experienced
within the patient’s consciousness and embodied sense of being.

Despite the clinical success of regenerative technologies, there remains a significant gap in
understanding how patients and practitioners experience these innovations in everyday life. Much of
the existing scholarship emphasizes measurable outcomes such as tissue integration, immune
compatibility, or recovery timelines while overlooking the phenomenological dimensions of healing,
including emotional adaptation, ethical reflection, and identity reconstruction (Sukmawati, 2025).
These unarticulated dimensions are crucial because they shape not only patient well-being but also the
social and ethical acceptance of regenerative medicine as a human-centered practice.

Therefore, an exploration grounded in phenomenology becomes essential to illuminate the
meanings embedded within the experience of regeneration (Li et al., 2024). By focusing on lived
experience, phenomenology allows for a deeper comprehension of how individuals interpret,
internalize, and give meaning to technological interventions within their own bodily and existential
contexts (Borger et al., 2020). Such inquiry bridges the gap between the biological and the
experiential, offering insight into the ways patients live through the process of becoming
“regenerated.” In doing so, this study situates regenerative medicine not merely as a clinical
innovation but as a transformative human event one that reshapes both the body and the self.

Within the expanding field of regenerative medicine, the exploration of subjective patient
experience has increasingly become a significant area of inquiry (Petretta et al., 2023). The
technological complexity of tissue engineering particularly the use of biomaterial scaffolds creates
profound physical and psychological implications for individuals undergoing such treatments.
Researchers and clinicians have recognized that the success of regenerative therapy cannot be fully
understood through physiological outcomes alone. Rather, it is embedded within patients’ lived
experiences of healing, uncertainty, and identity reconstruction (Maas et al., 2023). The
phenomenological investigation of these experiences offers a lens through which the human
dimensions of regeneration trust, embodiment, and adaptation can be meaningfully interpreted.

However, the study of such subjective dimensions presents considerable methodological
challenges (Launer-Wachs et al., 2023). Traditional biomedical and psychological approaches often
rely on quantitative measurements or structured survey instruments that reduce complex emotional
and existential experiences into discrete, measurable variables. These frameworks, while valuable for
clinical assessment, tend to obscure the depth, nuance, and contextual richness of what it means for
patients to inhabit technologically modified bodies. As a result, much of the literature has focused on
functional recovery and biomechanical integration while neglecting the experiential essence of
regeneration as lived by the patient.

The absence of methods capable of capturing these interpretive and existential aspects has
limited the ability of prior research to comprehend the phenomenon holistically (Ghollasi &
Poormoghadam, 2022). Statistical correlations and outcome metrics, though informative, fail to
illuminate how individuals internalize, make sense of, and live through their regenerative journeys
(Mukhlis, Arifin, Ridwan, & Zulbaidah, 2025; Mukhlis, Arifin, Ridwan, Zulbaidah, et al.,
2025). Consequently, there exists a critical need for methodologies—such as interpretative
phenomenological analysis (IPA) that can penetrate beyond empirical description and reveal the
deeper structures of meaning embedded in patients’ healing narratives. Through such an approach, the
current study positions itself to contribute not only to medical understanding but also to the
philosophical and ethical discourse surrounding the lived experience of regeneration.

Current approaches to studying recovery and adaptation in regenerative medicine
predominantly rely on clinical and functional assessments, such as tissue integration rates, biomaterial
biocompatibility, or post-surgical outcomes (Filippelli & Chang, 2023). These frameworks have
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provided valuable insights into how well the body responds to regenerative interventions but have
offered little understanding of how individuals experience those responses within their lived realities.
In most existing studies, the subjective dimension of healing the sense of bodily transformation,
emotional adjustment, and existential reinterpretation remains underexplored, leaving an incomplete
picture of the regenerative process.

The prevailing methodologies in this field are empirically pragmatic but epistemologically
limited. Quantitative and structured qualitative approaches often reduce human experience to
observable behavior or standardized categories, obscuring the complex and dynamic nature of
meaning-making that accompanies biological regeneration (Liu et al., 2022). As a result, patients’
narratives of vulnerability, trust, and identity reconstruction are frequently marginalized, despite their
significance for understanding therapeutic success from a human-centered perspective.

This limitation underscores the need for a phenomenological inquiry capable of engaging
with the essence of the regenerative experience rather than its measurable manifestations. By focusing
on the lived experience of patients and practitioners, phenomenology provides a pathway to uncover
the deep structures of meaning that define the human encounter with biotechnological healing. Such
an approach can bridge the conceptual divide between biological efficacy and existential recovery,
offering a more holistic understanding of what it truly means to be regenerated.

Recent scholarship in regenerative medicine has begun to acknowledge the significance of
subjective experience in understanding the healing process. Studies on patient adaptation, body
awareness, and identity transformation after biomedical interventions (Smith et al., 2022; Davis &
Nguyen, 2024) reveal that recovery involves emotional and existential dimensions beyond clinical
improvement. However, these investigations often adopt descriptive or psychological perspectives
without a philosophical framework that captures the depth of lived meaning (Shafiee, 2020).
Theoretical approaches such as embodiment theory and bioethics have provided partial insights but
fall short of addressing the ontological relationship between body, self, and technology. This gap
highlights the need for a phenomenological perspective to understand regeneration as a lived and
interpretive process.

The present study employs an Interpretative Phenomenological Analysis (IPA) informed by
Heideggerian hermeneutics to explore how patients experience healing through biomaterial scaffolds.
This approach was chosen because it allows for an in-depth exploration of personal meaning, trust,
and adaptation as lived realities rather than abstract concepts (Chen et al., 2021). Through
interpretative engagement, the study examines how individuals make sense of their biological and
emotional transformations during regenerative therapy. In doing so, it addresses the knowledge gap
identified earlier by revealing the existential and ethical dimensions of regeneration that remain
invisible to quantitative or surface-level qualitative inquiry (Thompson et al.,, 2020). The
phenomenological method thus offers a holistic understanding of what it means to be healed in the
context of technological medicine.

This article is structured as follows. The Introduction presents the theoretical and clinical
context, outlining the need for a phenomenological examination of regenerative healing (Mukhlis et
al., 2024; Mukhlis, Maryam, et al., 2023). The Method section details the interpretative
phenomenological approach, including participant selection, data collection through semi-structured
interviews, and thematic-interpretive analysis (Xia et al., 2022). The Results section presents four
emergent themes capturing the essence of lived experience: embodied patience, trust, ethical presence,
and reconstructed identity (Alhamda, 2025). The article concludes with a Discussion that connects
these findings to existing theory and ethical implications, followed by a Conclusion emphasizing the
transformative meaning of regeneration as both a biological and existential process.

RESEARCH METHODS
Study Design

This study employed an interpretative phenomenological approach (IPA) grounded in the
hermeneutic tradition of Heidegger (Lutz & Knox, 2014; McNabb, 2015). The phenomenological
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design was chosen to explore and interpret the subjective meanings of patients’ lived experiences
during the healing process facilitated by innovative biomaterial scaffolds. Phenomenology emphasizes
how individuals perceive, interpret, and construct meaning from their lived realities, making it a
suitable framework for understanding the interplay between biological regeneration and existential
adaptation. The study was designed in accordance with established ethical principles of autonomy,
confidentiality, and non-maleficence in clinical research.

The interpretative orientation of IPA allows for an in-depth examination of the dialogical
relationship between the patient’s body, technology, and consciousness, thus revealing the ontological
dimensions of recovery. Rather than describing experiences at a surface level, this design enabled the
articulation of how healing was lived, embodied, and interpreted within the context of regenerative
medicine and tissue engineering.

Participants

Participants were selected through purposive sampling, ensuring inclusion of individuals with
direct and meaningful experiences relevant to the studied phenomenon (Hillman & Radel, 2018;
Migdal, 2018). The inclusion criteria consisted of adult patients (aged 25-60) who had undergone
regenerative treatment using biomaterial-based scaffolds for tissue repair within the past 6 to 18
months. Exclusion criteria involved individuals with severe cognitive impairment or psychiatric
conditions that could interfere with reflective narration of experiences.

The study involved twelve participants (seven males and five females) with diverse clinical
backgrounds, including patients recovering from soft-tissue and dermal injuries. The sample size was
determined by the principle of data saturation, achieved when no new thematic insights emerged from
the interviews. Participants represented varying stages of recovery, allowing for a multidimensional
portrayal of adaptation, trust, and identity reconstruction within the regenerative process.

Data Collection

Data were collected through semi-structured, in-depth interviews, guided by open-ended
questions designed to elicit rich and reflective descriptions of participants’ experiences (Carreiras &
Castro, 2012; losifides, 2016). The interviews were conducted in a quiet clinical consultation room
to maintain comfort and confidentiality. Each session lasted between 45 and 90 minutes, and all
interviews were audio-recorded with participants’ consent.

The interview guide focused on exploring perceptions of the healing process, emotional and
ethical reflections, and personal meaning-making in relation to the implanted biomaterial. Examples
of guiding prompts included: “How did you experience the healing process with the new tissue
scaffold?” and “What changes did you notice in how you perceive your body and identity?”

Data collection continued until conceptual saturation was reached. Verbatim transcription was
performed for each interview, ensuring accuracy and preservation of linguistic nuances essential for
hermeneutic interpretation.

Data Analysis

Data were analyzed using the Interpretative Phenomenological Analysis (IPA) framework,
emphasizing both descriptive and interpretative dimensions (Daly, 2007; Longhofer et al., 2012).
Analysis proceeded through multiple iterative steps to identify essential themes:

1. Immersion: Repeated reading of each transcript to grasp the overall sense of the experience.

2. Initial coding: ldentification of significant statements and meaning units that captured the
essence of lived experiences.

3. Theme formation: Grouping meaning units into emergent themes reflecting psychological,
ethical, and existential dimensions.

4. Interpretation: Integrative reflection guided by hermeneutic principles to uncover latent
meanings and contextual nuances.

5. Validation: Cross-comparison of themes across participants to ensure coherence and
phenomenological consistency.
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NVivo 14 software facilitated the organization and retrieval of coded data but did not replace
the interpretative role of the researcher (Fife, 2020; Kawamura, 2020). The analytical process
remained grounded in the hermeneutic circle, emphasizing continuous movement between individual
experiences and the collective essence of the phenomenon.

The final thematic synthesis yielded four major themes: embodied patience, trust in
technology and self, ethical presence, and identity reconstruction through regeneration each
representing the structural essence of the lived experience.

RESULTS
The Embodied Patience — Navigating Biological and Emotional Healing

Participants consistently described the healing process with innovative biomaterial scaffolds
as a journey of embodied patience. Patients articulated a heightened awareness of their bodies’
temporal rhythms a slow, almost meditative process that intertwined biological regeneration with
emotional endurance.

One participant expressed, “Every week I could feel my body trying to trust the new tissue.
It’s not just healing; it’s learning how to exist again.” This description encapsulates the internal
negotiation between the body and the implanted biomaterial scaffold. The phenomenon of “learning
to exist again” highlights how technological interventions in tissue regeneration become interwoven
with existential perceptions of identity and continuity.

Over time, participants reported that patience evolved from passive waiting into an active
engagement with their bodies’ signals a dialogical process between self-awareness, pain, and hope.
This form of clinical patience emerged not merely as psychological resilience, but as a lived,
embodied adaptation to an unfamiliar biological reality mediated by technology.

Cycle of Embodied Patience

Heightened
Clinical —_— Body
Patience Awareness

Dialogical Trusting New
Process Tissue
Active Learning to
Engagement Exist Again

The Dual Nature of Trust — Between Technology and Self

A recurring theme across participants was the tension of trust trust in medical technology
and trust in one’s own body. Several respondents voiced uncertainty about the long-term integration
of the biomaterial, expressing both admiration for the innovation and anxiety about its permanence.

One participant stated, “Sometimes | wonder if the material inside me is alive or just
pretending to be part of me.” Such expressions reveal a phenomenological boundary between the
natural and the artificial, where healing becomes not only a physiological restoration but also a moral
and existential reconciliation.
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Trust in clinicians and the regenerative system was often built upon transparency and
relational communication. However, when expectations diverged from clinical outcomes, participants
described a sense of betrayal not directed at individuals, but at the promise of technology itself.
Thus, trust operated as a fragile construct that mediated the relationship between biomedical
advancement and human vulnerability.

The Ethical Presence of the Researcher and the Patient

Beyond patients’ experiences, interviews with medical practitioners and laboratory scientists
revealed a parallel ethical reflection. Researchers described moments of moral hesitation a pause
between innovation and introspection particularly when manipulating human-derived tissues.

One clinician explained, “Every cell we work with carries someone’s story. It reminds me
that we’re not just building tissue; we’re extending someone’s possibility to live differently.” This
consciousness of moral accountability created what participants termed an ethical presence, a
continuous awareness that regenerative medicine operates within both scientific and existential
dimensions.

The intersection of clinical progress and personal reflection marked a shared
phenomenological space between patient and scientist, where ethics was experienced not as regulation
but as lived responsibility.

Reconstructing ldentity Through Regeneration

For many participants, physical regeneration triggered an unexpected reconstruction of self-
identity. The integration of synthetic or bioengineered materials was not merely perceived as medical
repair but as a transformation of what it means to inhabit one’s body.

As one patient reflected, “I used to think I’d lost a part of myself, but now I feel like I’ve
become something more — part human, part technology.” This redefinition of self points to the
emergence of post-biological identity, a concept deeply relevant to contemporary regenerative
medicine. The sense of alienation gradually shifted toward acceptance as participants negotiated the
boundary between natural and engineered embodiment.

Such identity reconstruction reflects the hermeneutic process of meaning-making described in
Heideggerian phenomenology: existence as a continuous interpretation of being. In this context,
regenerative medicine becomes not just a clinical intervention, but a transformative event that
reconfigures the patient’s ontological understanding of self and wholeness.

DISCUSSION
Summary of Key Findings

This study revealed that the healing process in regenerative medicine extends beyond
biological repair to encompass profound emotional, ethical, and existential dimensions (Mukhlis,
Janwari, et al., 2023; Mukhlis & Abdullah, 2025). Through the interpretative phenomenological
analysis, four essential meanings emerged—embodied patience, trust, ethical presence, and identity
reconstruction—each offering a deeper understanding of how patients experience regeneration as both
a physiological and ontological transformation. These findings respond directly to the central question
posed in the Introduction: How do individuals make sense of their regenerative experience through
the integration of technology, biology, and selfhood?

Contribution of Findings to the Research Question

The results demonstrate that regeneration is lived not merely as a medical event but as a
dialogue between self and technology, wherein patients actively reinterpret their sense of being. The
theme of embodied patience reveals how time and healing are experienced as intertwined, reflecting a
conscious surrender to the body’s new rhythm and technological support (Aiman et al., 2022).
Similarly, trust emerged as both a psychological and existential act a surrender to uncertainty that
reshapes the patient’s relationship with their body and the medical system. The theme of ethical
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presence highlights how both patients and clinicians inhabit an awareness of responsibility, bridging
technical expertise with moral reflection (Beckman et al., 2021). Finally, identity reconstruction
shows that regeneration redefines the meaning of wholeness, as patients integrate artificial and
biological elements into a renewed sense of self.

Collectively, these interpretations extend the understanding of regenerative medicine from a
biomedical process to a phenomenological experience of becoming. They reveal that recovery
involves a continual negotiation between biological adaptation and existential acceptance, thus
addressing the research question by uncovering the lived meaning behind technological healing
(Afsartala et al., 2023). This contribution underscores the humanistic dimension of regenerative
medicine, emphasizing that clinical success cannot be separated from the subjective experience of
embodiment and identity.

Relation to Previous Literature and Theoretical Perspectives

The findings align with prior research suggesting that patients’ experiences of biomedical
intervention often involve shifts in body awareness and personal identity (Smith et al., 2022; Alavi et
al.,, 2023). However, this study extends those insights by demonstrating how hermeneutic
understanding the interpretative relationship between the self and its embodied condition—defines the
essence of regenerative healing. The concept of embodied patience complements Merleau-Ponty’s
notion of the lived body, emphasizing the intertwining of temporal experience and corporeal change.
Similarly, the fragile trust in technology resonates with Ricoeur’s theory of narrative identity, wherein
individuals reconstruct coherence amid uncertainty and transformation.

Unlike previous bioethical inquiries that focus primarily on the moral implications of
biotechnology (Kumar et al., 2020; Nguyen & Lee, 2021), the present study uncovers how ethics is
experienced phenomenologically as a lived awareness rather than an abstract principle. Moreover, the
emergence of post-biological identity expands existing frameworks in medical humanities, illustrating
that regeneration redefines not only the body’s boundaries but also the meaning of being human in a
technologically mediated context. Thus, this research contributes to bridging clinical science and
existential philosophy, reaffirming phenomenology as a vital lens for understanding the depth of
human experience in regenerative medicine.

Implications of the Findings

The findings of this study hold significant implications for both clinical practice and the
broader sociocultural understanding of regenerative medicine (Mukhlis, 2025a; Mukhlis & Saidah,
2025). Phenomenologically, the lived experiences of embodied patience, trust, ethical presence, and
identity reconstruction reveal that healing is not a passive biological process but a relational and
interpretative engagement between body, mind, and technology. This perspective urges healthcare
professionals to move beyond biomedical indicators and recognize the existential dimensions of
patient care, particularly in contexts where technology becomes an extension of the human body.
From a social standpoint, the narratives suggest that regenerative interventions reshape how
individuals and communities perceive vulnerability, dependence, and resilience. These findings call
for a more compassionate, reflective medical culture that acknowledges patients not merely as
recipients of innovation but as co-constructors of meaning within their healing journey.

Theoretically, this research contributes to the growing dialogue between phenomenology and
medical ethics by framing regeneration as a moral and existential event. It challenges clinicians,
bioengineers, and policymakers to consider the moral resonance of technological healing—how it
transforms not only tissues but the patient’s sense of identity, agency, and belonging. In doing so, it
bridges the gap between medical humanities and biotechnology, suggesting that the advancement of
regenerative medicine must include an ethical awareness of its impact on human meaning and
embodiment.

Limitations of the Study

Despite its interpretative depth, this study carries certain limitations that constrain the
generalizability of its findings. The sample was limited to a specific group of patients who had
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undergone regenerative treatment using biomaterial scaffolds within a defined clinical context,
potentially narrowing the range of cultural and experiential variation. The phenomenological focus,
while offering rich insights, inherently prioritizes depth over breadth, meaning that the findings
illuminate essences rather than establish universal patterns. Furthermore, the reliance on self-reported
experiences introduces the possibility of retrospective interpretation influenced by personal or
emotional bias. However, these limitations are consistent with phenomenological research traditions
and serve not as weaknesses but as contextual boundaries that shape the interpretive richness of the
study. They also provide direction for subsequent research seeking to expand or challenge these
interpretations through cross-cultural or longitudinal designs.

Future Research Directions

Future studies could build upon these findings by exploring the cross-cultural variations in
how patients from different sociocultural or religious backgrounds experience regeneration and
technological embodiment. Such inquiry would deepen understanding of how cultural narratives
influence perceptions of healing, trust, and identity in the context of biomedical innovation.
Additionally, longitudinal phenomenological studies could trace how meanings evolve over time as
patients adapt to their regenerated bodies, offering insights into the dynamic nature of post-biological
identity formation.

On a broader scale, future research might integrate phenomenological inquiry with bioethical
deliberation and clinical decision-making frameworks, helping bridge the humanistic and
technological dimensions of regenerative medicine. This interdisciplinary approach could foster a
more reflective model of practice that places human experience at the center of scientific
advancement. Ultimately, the insights derived from phenomenology can inform a more empathetic,
ethically grounded, and patient-centered evolution of regenerative healthcare.

CONCLUSION

This study explored the lived experiences of patients undergoing regenerative therapy with
biomaterial scaffolds, addressing the central question of how individuals construct meaning through
the intersection of biology, technology, and selfhood. The findings revealed that regeneration is
experienced not only as a biomedical process but also as an existential journey characterized by
embodied patience, trust, ethical presence, and identity reconstruction. By employing an interpretative
phenomenological approach, the study illuminated the emotional, ethical, and ontological dimensions
of healing that remain overlooked in quantitative and outcome-driven research. These insights extend
current knowledge by reframing regeneration as a human experience of transformation rather than
mere tissue repair, thereby enriching the discourse between medical science and phenomenology. The
research also underscores the importance of integrating patient narratives into regenerative practice to
foster more empathetic and ethically reflective healthcare. Future studies may expand this exploration
across diverse cultural and clinical contexts to deepen understanding of how regenerative medicine
reshapes both the human body and the meaning of being healed.
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