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ABSTRACT ARTICLE HISTORY
Aim: This paper investigates the conditions for inclusive design of regenerative medicine  Received 15 January 2024
interventions from a bioethical perspective, taking regenerative valve implants as a showcase. ~ Accepted 16 May 2024
Methods: A value hierarchy is construed to translate the value of justice into norms and design
requirements for inclusive design of regenerative valve implants. Results: Three norms are proposed bias: bioethics: desi

. N i . . I ias; bioethics; design
and translated into design requirements: regenerative valve implants should be designed to requirements; diversity;
promote equal opportunity to good health for all potential users; equal respect for all potential  heart valve implants;
users should be shown; and the implants should be designed to be accessible to everyone in need. inclusion; in situ tissue
Conclusion: The norms and design requirements help to design regenerative valve implants that  engineering; justice;
are appropriate, respectful and available for everyone in need. norms; values hierarchy
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Plain language summary: Scientists in the field of regenerative medicine are developing a new
type of heart valve implant. After implantation, the synthetic implant slowly breaks down and is
replaced by a new living heart valve. These so-called regenerative implants promise a complete cure.
However, they also raise ethical questions. For example, questions related to justice and inclusion. In
this paper, we explore how regenerative implants can be designed to be inclusive, meaning suitable,
respectful and available for everyone. We argue that the design of regenerative implants should be
adapted to relevant differences between users. The implants should be affordable in the short and
long term. The implants should be suitable for use worldwide. The implants should be designed
by teams of diverse age, gender and ethnicity. Users should be engaged in the design. And the
communication about the implants to researchers and users should be inclusive. Overall, this paper
provides ethical guidance to researchers and clinicians developing regenerative implants.

1. Background An approach to countering such inequities and injustices
in the design of technologies is known as inclusive design.
Inclusive design is broadly described as designing tech-
nologies and services that are usable by or appropriate
for a broad range of individuals [4-6]. This broad range
of individuals includes user groups that are sometimes
ignored, particularly people from marginalized groups,
e.g., those marginalized by disability, sex, gender, race,
ethnicity or age. While inclusion of these groups mat-
ters throughout the entire process of technology devel-
opment, implementation and utilization, this paper high-
lights the need for inclusive design at the early stages
of technology development. In this phase, design plays a
pivotal role in shaping decisions and practices, regarding
for example the properties of the material, the intended

There is increasing acknowledgement that health
research and care should be inclusive to address
inequities in health. This plea is sustained by the growing
evidence of health disparities between social groups,
both locally and globally and the understanding that
these disparities are related to social inequities (i.e., social
determinants of health) and injustices [1,2].

Over the last decades, issues of quality and accessibil-
ity of healthcare have received much consideration, and
recently there has been growing attention for the role of
health technology. The design of health technologies and
medical devices is one area of health research and care
where social inequities and injustices are exemplified [3].
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purpose and use of the technology, and the user group(s)
whom the technology is meant to serve. As such, inclusive
design can contribute to ensuring justice in terms of who
can benefit from an application, who is recognized as the
beneficiary, as well as who can access it.

1.1. The need for inclusive design in regenerative
medicine

Since the aim of regenerative medicine (RM) has been
defined as to “replace or regenerate human cells, tissues or
organs, to restore or establish normal function”[7], inclusion
and inclusive design are deserving of special attention.
Injustices from the past and present teach us that we have
to be sensitive to how normal function or normality is
defined.In medical research in general, the white, middle-
aged male has long been taken as the dominant standard
for bodily functioning [8-12]. This has led to severe his-
toric and ongoing injustices, particularly harming people
who deviate from this standard [13,14].

Although RM promises to overcome the barriers and
biases of standardized medical research by offering per-
sonalized treatments, biases might still be present in the
field of RM. For example, RM interventions are almost
exclusively developed in the so-called ‘Global North’ (a
term that notably oversimplifies the complex global land-
scape [15,16]) [17-19]. Currently, North America has the
leading position in the global RM market [17], though
research and development activities are gaining momen-
tum in other regions, including Europe, Japan, South
Korea and India [17,19]. Due to this focus on the devel-
opment of RM interventions mainly in the Global North,
there might be a selective focus on body types, diseases
and resources in this region. This could negatively impact
the suitability of RM interventions for the Global South,
both in terms of effectiveness as well as opportunities
for distribution. Inclusive design practices could help to
make sure that RM interventions are suitable for people
with diverse body types across the world and as such can
serve everyone in need. Despite an increased awareness
of diversity and inclusion in (bio)medical research and
innovation in recent years, these issues have received lit-
tle explicit attention in the context of RM. What inclusion
means in the context of RM interventions is as yet unclear.
No studies have analyzed the way that technology design
in RM should best address issues of inclusion.

To fill this gap, this paper investigates the conditions
for inclusive design of RM interventions, taking regener-
ative valve implants as a showcase. Regenerative valve
implants - also referred to as in situ tissue-engineered
valves [20,21] — are a promising application for the treat-
ment of people with heart valve disease. These cell-
free synthetic implants break down in the body and

Box 1. Target populations of regenerative valve implants.

There are several populations with heart valve disease for whom
regenerative valve implants could potentially address an unmet
clinical need. In the Global North, two main target groups can be
discerned. One consists of children and young adults with congenital
heart valve disease. Children currently require re-operations every
few years to receive a correctly sized implant [24,26]. This group is
much in need of a valve tissue that can grow with their body to
provide a durable lifelong cure, which regenerative valve implants
promise to provide. The other, much larger target group in the Global
North are older adults with degenerative heart valve disease.
Available options for valve replacement (biological valve implants)
suffice for most of this group. However, adults with a relatively long
life expectancy could benefit from a more durable implant, because
this would prevent the need for reoperation associated with
biological valve implants. Globally, a significant part of the
population with heart valve disease lives in the Global South [27].
They suffer from heart valve disease caused by rheumatic fever and
are on average much younger and have fewer comorbidities than the
older adult population in the Global North [20,27]. Because many
people in the Global South currently lack access to cardiovascular
healthcare, this population is in need of affordable, accessible and
effective treatment. It has been suggested that Regenerative
Medicine implants could meet this need [22].

are replaced by living tissue. As such, they foster the
growth of a living healthy heart valve [22,23]. While not
yet clinically available, the implants promise to provide
a life-long cure and to become an off-the-shelf avail-
able and cost-effective treatment. They are presented
as alternatives for current valve replacement options
with mechanical, biological or cryopreserved homograft
valve implants [22,24,25]. Potentially, the implants could
address an unmet clinical need for children and older
adults in the Global North and younger adults in the
Global South (Box 1).

2. Methods
2.1. Approach: a value hierarchy

In this paper, we investigate the conditions for inclusive
design of regenerative valve implants from a bioethical
perspective. We understand design to refer to the tech-
nical aspects of the technology as well as to the organiza-
tional and procedural aspects of the design process.

To investigate the conditions for inclusive design of
regenerative valve implants, we construe a value hier-
archy. A value hierarchy or values hierarchy is a delib-
erative tool to translate one or more values into norms
and design requirements in the context of technology
design [28]. It can be used to address which values are
expressed in a design and to explicate how the design
is shaped by these values. The value hierarchy consists
of three layers, i.e. values, norms and design require-
ments, which each can have several sublayers [28]. We
construe a value hierarchy for inclusive design of regener-
ative valve implants, starting with the value of justice. In



part I, we explore the relation between the aims of inclu-
sive design and the value of justice, and we conceptu-
alize justice. In part I, we translate the value of justice
into norms relevant for the design of regenerative valve
implants. In part Ill, we translate each norm into design
requirements. Together, the norms and design require-
ments shape the conditions for inclusive design of regen-
erative valve implants.

Overall, by laying down the conditions for inclusive
design of regenerative valve implants, we hope to aid
the development of regenerative valve implants that
are appropriate, respectful and available for everyone in
need. More generally, by exemplifying an ethically proac-
tive approach to the design of RM technology, we hope
to contribute to responsible development of RM interven-
tions.

3. Results
3.1. Justice as a value for inclusive design

The aims of inclusive design are closely related to the
value of justice [4,29]. A design that is inappropriate for
groups of potential users will be exclusive, and it has been
argued that if this exclusion deprives these groups of
capabilities, they have good reason to desire, this may be
considered inequitable and therefore unjust [4].

Justice has been conceptualized in many different
ways [30,31]. We draw here on the conceptualization of
justice as proposed by feminist philosopher Nancy Fraser,
who has argued that justice is concerned with both recog-
nition and redistribution [32]. These two dimensions of
justice are integral to shaping inclusive design prac-
tices. Recognition refers to claims about equal respect
for marginalized groups and undervalued social identi-
ties [32]. Justice as recognition should inform inclusive
design practices because equal respect and equal oppor-
tunity for all users are prerequisites for inclusive prac-
tices and form the basis for creating a design that fits
the needs and wants of all users of a technology. Redis-
tribution refers to the equitable distribution of goods
and resources [32]. Inclusive design practices should also
be informed by justice as redistribution because equal
access to a technology is a prerequisite for inclusive prac-
tices, and the possibilities for access are in part deter-
mined by elements in the design. Accordingly, we start
our value hierarchy from the value of justice, splitinto two
sub-values, recognition and redistribution (Figure 1). See
Box 2 for further detailing of Fraser's conceptualization of
justice.

3.2. Specifying justice into norms

We translate the value of justice into norms, formulat-
ing two sublayers of norms. The first sublayer specifies
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three norms relevant for a healthcare context (Figure 1):
the healthcare system should provide all participants equal
opportunity to achieve good health, and show them all
equal respect and the distribution of resources should ensure
healthcare for everyone in need.

The second sublayer specifies three additional norms
for inclusive design of regenerative valve implants
(Figure 1): regenerative valve implants should be designed
to promote equal opportunity to good health for all poten-
tial users; in the design process of regenerative valve
implants, equal respect for all potential users should be
shown; regenerative valve implants should be designed to
be accessible for everyone in need. See Box 3 for further
details on how the specification from the value of justice
into norms took place.

3.2.1. Recognition, difference & bias

The first two norms, related to justice as recognition, raise
the question of how to deal with biases. Neglecting or
invalidating differences between people can result in
(normative) bias within a healthcare context. This can
be exemplified by Ruiz & Verbrugge’s definition of gen-
der bias: gender bias systematically affects healthcare
by assuming similarities in health determinants between
women and men when differences exist, and by presum-
ing differences where there are in fact similarities [35].
Therefore, bias, in general, poses a dual challenge in the
recognition of differences [36]. On the one hand, bias
can occur when differences between individuals are not
recognized and acknowledged despite their relevance to
the situation or context at hand. On the other hand, bias
can occur when differences between individuals are given
undue significance or influence while they are not rele-
vant for the given situation or context. We will return to
this distinction in the next section.

3.3. Specifying norms into design requirements

We specify each norm into design requirements for regen-
erative valve implants (Figure 1). Below, we substantiate
each design requirement and provide recommendations
regarding what is needed - if anything — to meet each
requirement. Together, the norms and design require-
ments shape the conditions for inclusive design of regen-
erative valve implants.

3.3.1. Norm: Regenerative valve implants should be
designed to promote equal opportunity to
good health for all potential users

3.3.1.1. Design requirement: design for difference. To pro-

mote equal opportunity to achieve good health, regen-

erative valve implants should fit the needs of every per-
son. In other words, the implants should be designed
to be appropriate for everyone in need. With ‘appropri-
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Figure 1. A graphical presentation of the value hierarchy for inclusive design of regenerative valve implants.

Box 2. Fraser’s conceptualization of justice.

Central to Fraser’s approach to justice is the norm of parity of
participation [32]. Parity of participation prescribes that individuals in
a society must be able to interact with each other as peers [32]. There
are two preconditions for parity of participation. First, the
intersubjective precondition prescribes that equal respect for all
individuals and equal opportunity to achieve self-esteem should be
institutionalized [32]. This precondition is closely connected to justice
as recognition, which means that individuals hold the status of full
partners in social interaction [33]. Misrecognition or status
subordination occurs when social institutions lay down cultural
norms that frame some as less than full members of society [33].
Examples of social institutions include governments, universities,
hospitals, business corporations and legal systems [34]. Second, the
objective precondition for parity of participation prescribes that
resources must be distributed to ensure ‘individuals’independence
and voice’[32]. This precondition is closely connected to justice as
redistribution, which refers to equitable allocation of resources.

ate’ we refer not only to the treatment being (medically)
effective for a user or user group, but also it being suit-
ablein broader terms, for example whether the properties
match the user’s or user group’s social context or behav-
ioral characteristics [cf. 4]. This design requirement neces-
sitates that relevant differences between users are taken
into account in the implant design.

Relevant user differences may include biological differ-
ences and differences in social identities. Biological dif-
ferences such as age, sex and comorbidities could be rel-
evant for the implant design for different reasons. For

Box 3. Specifying the value of justice into norms.

To bridge the gap from assessing justice to prescribing actionable
norms, we formulate two sublayers of norms and draw inspiration
from the Fraser’s notion of parity of participation (Box 2).

The first sublayer specifies norms relevant for a healthcare context
(Figure 1). The intersubjective precondition for parity of participation
is closely related to the concept of justice as recognition, emphasizing
the importance of providing all individuals with equal opportunities
to achieve self-esteem and institutionalizing equal respect for them
all [32]. Healthcare is an essential institution and offers a pathway to
enhancing self-esteem by caring for one’s health and well-being. We
translated this into two norms: the healthcare system should provide
all participants equal opportunity to achieve good health, and show
them all equal respect. The objective precondition for parity of
participation is closely related to justice as redistribution,
emphasizing that resources should be distributed in a way that
allows all individuals to be independent and to be heard [32].
Healthcare is one important way to allow this. We translated this into
the following norm: the distribution of resources should ensure
healthcare for everyone in need.

Second, we specified these three norms, which are still quite broad,
into more specific norms for inclusive design of regenerative valve
implants (Figure 1). Regenerative valve implants are a particular kind
of healthcare. The specific norms then are: regenerative valve implants
should be designed to promote equal opportunity to good health for all
potential users; in the design process of regenerative valve implants,
equal respect for all potential users should be shown; regenerative valve
implants should be designed to be accessible for everyone in need.

example, the size of the heart is co-dependent on age
and sex, and the size of the implant might need to
be adapted accordingly. Moreover, biological differences
might affect the regeneration response, and could there-



fore co-determine the effectiveness of the treatment.
Thus far research on these effects is limited, yet prelimi-
nary data suggests that age, sex and comorbidities might
affect the regeneration response [23,37]. Differences in
social identities, such as age, gender and race/ethnicity
and related differences in social context, lifestyle and
behavioral factors, might also affect the success of the
treatment and its overall impact on the user’s life. For
example, alcohol and drug abuse, which are lifestyle fac-
tors that are linked to gender [38], have been found to
affect the regenerative capacity of bone tissue [39]. A sim-
ilar effect for valve regeneration is to be considered. Cur-
rently, research into the significance of social differences
for regenerative valve implants is scarce.

It has been suggested that, if necessary, the design of
regenerative valve implants could be adapted to match
different user groups [23,37]. This approach is called strat-
ification or precision engineering. To determine if strati-
fication is necessary, more research should be done into
whether and how biological and social differences affect
the appropriateness of regenerative valve implants for
different user groups. Such research is especially impor-
tant given that the potential user population of valve
implants in the Global South differs significantly from
those in the Global North: the former is on average
younger, has fewer comorbidities and valve disfunction is
generally caused by a different type of disease [27]. Con-
sidering if and how these differences impact the appropri-
ateness of regenerative valve implants, and, when neces-
sary, adapting the implant design, accordingly, is essen-
tial. This approach ensures that this treatment is both
responsive and inclusive of the needs of all potential
users.

In designing for difference, three important consider-
ations should be taken into account. First, the distinction
between social identities and biological differences is far
from absolute and clear, and they overlap in many ways.
Forexample, age is both a biological characteristic, as well
as a social identity, considering that aging can refer to
physical changes in one’s body as well as to changes in
the person’s roles, identity and relationships. With regards
to sex and gender, sex is usually taken to refer to biologi-
cal characteristics, while gender is taken to refer to socio-
cultural characteristics. However, sex and gender influ-
ence each other, and sex is a social construct in itself [40].
With regards to race, in a biomedical context, race has
often been mispresented as a biological characteristic,
even though itis now widely accepted that race is a social
construct with nonetheless very real consequences for
people from many racial groups [41, p.200]. In short, race
should be understood as a social identity and character-
istics such as age and sex/gender can be both social and
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biological, and the significance of these aspects should be
considered in the design of regenerative valve implants.
Second, it is important to consider when differences
are significant and when they are not. As we argued
above, bias might occur both when significant differ-
ences are not recognized, as well as when insignificant
differences are given undue attention. It might be helpful
to go beyond usual broad categories like race/ethnicity,
sex/gender and age and look into more specific differ-
ences between people. In line with what we argued else-
where, we propose that categories of difference should
be defined by specific, causally significant and morally
justifiable attributes (such as skin color, hormone levels,
behaviors or lifestyles) rather than using broader cate-
gories (such as race or sex) as proxies. Previously, we
argued that differences should be defined by ‘morally
significant’ attributes [36]. In response to a thoughtful
(published) commentary [42], we here adapt our formu-
lation to the more accurate descriptions ‘causally signif-
icant’ and ‘morally justifiable’ Specific attributes can be
causally significant if there is a clear causal relation with
the device’s functioning and if this causality has been
scrutinized for (socio-historically rooted) biases [36].

Third, when accounting for differences between peo-
ple, it is important to recognize that individuals within
these categories of differences are not homogenous.
Every person has several biological characteristics and
social identities at the same time and therefore might
have specific needs. This underscores the importance
of adopting an intersectional approach. Intersectional-
ity acknowledges how the intersection of multiple social
identities impacts various aspects of human lives, includ-
ing opportunities, inequities and inequalities. Accounting
for intersectionality in regenerative valve implant design
is important to ensure that the implants are appropri-
ate for everyone within a specific category, whether it be
women or men, young or old. For instance, the implants
should benefit all women in need, not exclusively those
in the Global North or those with a particular ethnicity.
Therefore, research into human differences should also
explore which and how different biological differences
and social identities intersect. Moreover, if the design
of regenerative valve implants moves toward a strati-
fied approach, these intersections should be taken into
account when user groups are defined.

3.3.1.2. Design requirement: diverse design teams. To
counter bias and to promote equal opportunity for all
users, in the development of regenerative valve implants,
design teams with engineers, clinicians and other devel-
opers should be diverse, for example in terms of gender,
age, ethnicity, nationality, work experience and scientific
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discipline. Heterogeneous design teams are more likely
to develop an inclusive design than homogeneous teams.
For example, it is known that gender diversity enhances
collective problem-solving capabilities within teams,
stimulates effective use of the expertise of each team
member, and leads to broader inquiries that address a
wider range of topics and questions [43]. The impact
of a lack of diverse design teams can be illustrated
by Apple’s Health app, where a male dominated team
designed a health app that initially lacked features spe-
cific to women’s health such as tracking the menstrual
cycle [44,45]. This illustrates how (the interests of) certain
populations can be forgotten when the engineering
team is too homogenous.

Specific figures regarding gender diversity or ethnicity
in RM development teams are not available. However, the
numbers of women and individuals from marginalized
communities working in both the broader STEM sciences
and cardiovascular medicine indicate that certain groups
are underrepresented, and this may extend to RM as
well [46-48]. Incorporating a range of diverse viewpoints
within the design team of regenerative valve implants
is likely to positively impact inclusion in all aspects of
research and development.

3.3.2. Norm: In the design process of regenerative
valve implants, equal respect for all potential
users should be shown

3.3.2.1. Design requirement: inclusive communication.
Inclusive communication through language and visuals
are two important ways to show equal respect to all
users. Inclusive language refers to the words, phrases and
metaphors that are used that should “avoid expressions
that might be considered to exclude particular groups of
people” [49]. Inclusive communication is crucial because
it acknowledges the unique identities and backgrounds
of all users, which reinforces that they are valued and
worthy of respect. It also ensures that research descrip-
tions and findings accurately reflect the characteristics
within the population or groups being studied. More-
over, it helps developers avoid reinforcing stereotypes or
perpetuating bias, whether related to gender, race, age,
disability or other characteristics.

Therefore, in the design process of regenerative valve
implants, developers and clinicians should pay attention
toinclusion in the representation of biological differences
and social identities of potential users in their written, ver-
bal and visual communication. Language and visual com-
munication should be sensitive to causally significant dif-
ferences in gender, sexual identities, disability and ethnic-
ity,among others [50], so that these representations accu-
rately reflect a diverse range of potential users.

\)

EINANA

Figure 2. A still from an explanatory video on a regenerative
heart valve replacement. The still depicts a person with heart
valve disease, as is explained in the voice over.

Reproduced with permission from [52].

Examples of inclusive language relevant to the context
of regenerative valve implants include referring to people
with a disease or disability as persons (with disease or dis-
ability x) rather than patients, which is still the predom-
inantly used term in RM literature; using gender-neutral
terms when gender is irrelevant, for example to avoid
terms like Mr. or Ms. unless the individual prefers them.
Inclusive language also extends to the critical examina-
tion and re-evaluation of the concepts and theories that
researchers use [51]. For instance, adhering to biased con-
cepts and theories, such as associating heart disease pri-
marily with older individuals (which was common in the
past), may lead to overlooking the prevalence of heart dis-
eases across all age groups. This can result in underdiag-
nosis and inadequate treatment for younger adults and
even children.

In relation to inclusive visuals, an example from the RM
field of what can go wrong can be found in an explanatory
animation of heart valve implants, published in 2014 by a
Dutch biomaterials consortium [52]. The body of a person
living with heart valve disease is represented as that of a
strong, white, young adult, able-bodied man (Figure 2).
While one person can never be representative of a whole
population, depicting the user with tenets of a histori-
cally dominant and privileged group perpetuates bias in
favour of this group. While this is not necessarily represen-
tative of other communication about regenerative valve
implants, as an example it emphasizes the need to pay
attention to inclusive and representative visualizations in
communication about regenerative valve implants.

Several strategies may facilitate inclusive communi-
cation. Existing inclusive language and visual guidelines
can serve as a useful starting point [e.g., 50]. Partnerships
may be established with healthcare advocacy groups to
facilitate development of sensitive and accessible com-
munication materials that resonate with potential users.
Through these collaborations, communications strate-



gies can be co-created to address the unique concerns
and challenges encountered by diverse healthcare advo-
cacy communities and to avoid perpetuating stereotypes.
Moreover, developers and clinicians may be trained to
develop skills to use inclusive language and create visu-
als that respect the diversity of individuals and avoid per-
petuating stereotypes. Such training sessions should also
underscore the significance of creating communication
materials that are accessible to people with disabilities,
which may include alternative formats, clear fonts and
descriptive images.

Inclusive language and visuals should be integrated
into the design process of regenerative valve implants
from the very outset. This starts with the initial con-
cept development and should continue throughout all
phases of research and development, including pre-
clinical experimental research, animal testing, early phase
human trials and the implementation phase. Inclusive
language and visuals should be used both in commu-
nication among developers and clinicians themselves,
such as in grant proposals, consortium meetings and aca-
demic publications, as well as in communication to the
users and broader publics, such as in information videos
and folders and on websites. This communication should
be inclusive to the different stakeholders for whom the
regenerative valve implants are developed, such as
potential users, i.e. broader publics (who are potential
future users).

3.3.2.2. Design requirement: user engagement. Showing
equal respect for all potential users also entails that users’
voices should be heard, and engagement of users is
one important way of accomplishing this. User engage-
ment can be established through direct collaboration
with healthcare advocacy groups. An example in the
Dutch context is the Hartstichting, which is a health-
care advocacy group for people with cardiovascular dis-
eases. Healthcare advocacy groups can connect engi-
neers and clinicians with potential users of regenerative
valve implants to ensure that research includes relevant
user perspectives. Potential users can provide input on
for example unmet needs, what is important to them in
terms of potential risks and benefits and whether they
understand the information material related to human tri-
als. These user perspectives can be used to identify and
anticipate expectations, possible issues and wishes relat-
ing to regenerative valve implants and their impacts on
the daily lives of potential users and their caregivers. In
this way, user values and experiences can influence the
design of the implants. By gathering a variety of perspec-
tives and experiences, user engagement might also help
to counteract biases in the design process of and commu-
nication about the implants. Users can be engaged during
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several stages of the development process, such as when
setting research objectives, gathering and analyzing data
and implementing results [53]. Ideally, the user sample
involved in engagement activities should be represen-
tative of the potential user population and should be
heterogeneous enough to capture the various intersect-
ing positions of relevance to regenerative valve implants.
Knowing which intersections are relevant requires a bet-
ter characterization of the potential users of the implants.
Engagement activities to inform the design process can
then be set up that reach out to groups of users based on
relevant characteristics. If selecting a representative user
sample turns difficult to achieve in practice, paying atten-
tion to potentially relevant differences in user groups will
at least elicit a more inclusive set of user perspectives rel-
evant to the research and design process.

3.3.3. Norm: Regenerative valve implants should be

designed to be accessible for everyone in need
3.3.3.1. Design requirement: affordability & cost-
effectiveness. Affordability and cost-effectiveness of
the implant treatment could become a major barrier for
access to regenerative valve implants, particularly for the
population in the Global South. To promote access to
regenerative valve implants for everyone in need, the
implants should therefore be designed to be affordable
and cost effective.

While developers present regenerative valve implants
as a relatively affordable treatment (at least in compar-
ison with other RM treatments) [20,22], no cost assess-
ment of the implant pricing and upfront implementation
costs has yet been carried out [24]. Even if the implant
pricing is similar to mechanical and biological implants
(as assumed in some studies [21,54]), the potentially high
upfront costs remain a concern in economically disadvan-
taged areas. For instance, the incorporation of regenera-
tive valve implants into routine clinical contexts requires
substantial financial investment, and medical staff needs
specialized training to handle complex regenerative pro-
cedures. Affordability could be promoted by setting up
investment funds to help hospitals in certain settings to
be able to make necessary upfront investments and allow
them to pay back these investments over time.

In addition to being affordable, the implant should also
be cost effective. In health technology assessment, cost—
effectiveness of a new treatment is determined based
on a comparison of the costs and treatment outcomes
with those of an existing treatment. Interventions are con-
sidered cost-effective if the long-term costs are lower,
or if the improvement in treatment outcomes is suf-
ficient relative to the additional costs. Assessing cost-
effectiveness early on can be facilitated by economic eval-
uation as performed in early health technology assess-
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ment. It is beyond the scope of this paper to elaborate on
the methods for assessing the cost-effectiveness in detail
(which others have already done in more depths [55-
58]). However, it is worth pointing out that assessing
cost—effectiveness of regenerative valve implants might
be challenging given their potentially high initial costs,
uncertainty regarding the long term impacts (benefits
and harms) and a lack of absolute comparator interven-
tions [59].

Studies have indicated that regenerative valve
implants can become a cost-effective treatment for
children [54]. Even if the price of the implants turns out
higher than currently available implants, the treatment
could be cost-effective for children on the long-term
provided that regenerative valve implants are more
durable and are able to grow with the child’s body [54].
This would reduce the need for re-operation and improve
this group’s quality of life. Unfortunately, growth poten-
tial of the implants has currently not yet been clinically
demonstrated [25]. For older adults, particularly for the
group below 80 years, treatment with regenerative valve
implants can also become cost-effective, provided that
regenerative implants are similarly priced as currently
available implants and have improved durability and
infection resistance [21]. This would also improve their
quality of life.

If the implants are cost effective, this would improve
accessibility in areas where universal health coverage is
available, given that coverage is usually based on cer-
tain cost-effectiveness thresholds. By cutting the over-
all treatment costs, cost—effectiveness could also pro-
mote access for people in areas where health cover-
age is limited. However, it is worth noting that while
regenerative implants may prove cost-effective in the
long term, its upfront implementation costs may still ren-
der them unaffordable for healthcare systems and peo-
ple with no or limited health coverage. Therefore, it is
important that while assessing the affordability and cost-
effectiveness, one should consider the local context and
healthcare system characteristics. Factors such as reim-
bursement policies, healthcare infrastructure and poten-
tial user demographics may influence the affordability
and cost-effectiveness of regenerative valve implants in
different settings. This could mean that affordability and
cost—effectiveness of regenerative valve implants may
vary between, for instance, the Global South and Global
North.

3.3.3.2. Design requirement: suitability for global distribu-
tion. To ensure access to regenerative valve implants for
everyone in need across the world, the implants should
be suitable for global distribution. Given that the implants
are currently mainly developed for target groups (chil-

dren and older people) in the Global North (see introduc-
tion), particular attention should be paid to the needs of
populations in the Global South. In these countries, the
majority of the population has limited access to cardiac
surgery in general [60] and to valve implants in partic-
ular [27]. While it has been suggested that the implants
could become available worldwide [22], to date, there
have been no substantial investigations to determine the
requirements to distribute regenerative valve implants in
countries in the Global South. Research should be done
to map which requirements should be met to live up to
this promise.

As a preliminary indication, in addition to affordabil-
ity and cost-effectiveness, other design requirements
to promote access for populations in the Global South,
particularly those in rural areas, likely include that the
implants should be designed to be easily storable and
transportable and should be designed to be implantable
by local surgeons in non-specialized hospitals. The first
requirement is already met in the current design of regen-
erative valve implants, which are presented as ‘off-the-
shelf available’ [24,25], meaning that (in contrast to for
example stem cell-based RM treatments) they can be
bulk-produced rather than custom-made and do not
need highly specialized storage conditions. The second
requirement is important because if regenerative valve
implants would only be implantable in specialized cen-
ters, availability could be confined to large teaching hos-
pitals or specific regions within a country. This would pose
a significant barrier for people who are unable to travel
from rural areas, such as older individuals or those who
face socioeconomic challenges [61,62]. The implants have
the potential to make a substantial impact on cardiovas-
cular healthcare outcomes in the Global South, the field
of RM should therefore anticipate the necessary actions
needed to ensure health systems have the capacity to
promote widespread availability of regenerative valve
implants and deliver these to populations in need.

4. Discussion

In this paper, we have investigated the conditions to
make the design of regenerative valve implants inclu-
sive and aligned with the value of justice. To this end, we
have proposed a value hierarchy based on a conceptual-
ization of justice as recognition and redistribution, spec-
ified into three norms, each specified further into two
design requirements (Figure 1). Together, these norms
and design requirements establish the conditions for
inclusive design of regenerative valve implants.

Our paper shows that values, in this case the value
of justice, can be translated into conditions for value-
informed practices in biomedicine. We focused primar-



ily on the conditions for inclusive design and inclusive
practices for the initial design phase of regenerative valve
implants. While we took regenerative valve implants as a
showcase, the norms and design requirements that we
identified are (at least in part) more broadly applicable
and might therefore also provide guidance for inclusive
design of other RM interventions. Additionally, the norms
and design requirements we identified are not final and
finished but are subject to change, especially given that
developments in the RM field are rapidly evolving.

4.1. Justice & inclusion: more than implant design

We recognize that regenerative implants do not exist in
isolation but are embedded and deployed within wider
health system infrastructures. In other words, other fac-
tors outside the implant design will also be important
to achieve justice and inclusive practices with regards
to regenerative implants. For example, health regulation
and governance arrangements will have a great influence
on the eventual distribution and possibilities for access of
certain groups [63]. Also in relation to countering bias in
the design of medical devices, systemic changes will be
needed in addition to changes to the devices itself, as oth-
ers have also argued [12,64]. Inclusive design will there-
fore need to go hand in hand with structural changes
at the local (e.g., national governments) and global level
(e.g., international organizations and agreements) to pro-
mote justice and inclusion in the care available for and
received by people around the world.

Particularly when the implant development moves to
the next phase of preclinical and clinical testing and
implementation in the clinic, the value of justice will raise
additional conditions for inclusive practices throughout
the cycle of research and care. For example, within in
vivo and in vitro testing data, samples and models that
are representative of the user population should be used.
Likewise, a representative group of participants should
be included in clinical trials. These phases will be crucial
for determining which biological and social differences
between users are significant and which are not. Further
research is necessary to elucidate which additional norms
and requirements for inclusive practices are important in
the next phases of the development and implementation
of regenerative valve implants.

4.2. Toward value-sensitive design of regenerative
valve implants

While regenerative implants are still under development,
researchers, engineers and clinicians can make necessary
adjustments and tailor designs to align with various val-
ues. We focused particularly on the value of justice for
inclusive design of regenerative implants. However, jus-
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tice is not the sole value of significance, and other values
will have to be taken into account. These will introduce
additional design requirements.

Other relevant values could for instance include
health, safety and autonomy. For each of these values, dif-
ferent conceptualizations are possible. To illustrate, health
could be conceptualized as absence of objective pathol-
ogy, or absence of subjective complaints [65], and auton-
omy could be understood as individual autonomy or rela-
tional autonomy [66]. A promising endeavor for future
research would be to extend the approach in this paper
to address various other relevant values in the context of
regenerative valve implant design.

To make sure that the values and design requirements
are supported by those who the design concerns, multi-
ple stakeholders, such as engineers, researchers, clinicians
and implant users, should be involved in the process. They
could play a role in deliberating which values are relevant
for the design of regenerative valve implants, which con-
ceptualization of each value is most appropriate, and how
the values should be specified into design requirements.
Such deliberation could be a valuable addition to another
type of stakeholder involvement, aimed at improving the
clinical value of technology, as is being argued for by oth-
ers in the RM field [67].

An integrated method to systematically address val-
ues in the design of a new technology is known as value-
sensitive design (VSD) [68,69]. This approach discerns
three phases: conceptual investigations, empirical inves-
tigations and theoretical investigations, which can be car-
ried outin an iterative and integrative manner [68,69]. The
theoretical analysis of the value of justice and its speci-
fication into norms and design requirements, as laid out
in this paper, corresponds roughly with the conceptual
investigations phase. Next steps toward a VSD of regen-
erative valve implants could then involve empirical inves-
tigations to include stakeholder perspectives, concep-
tual investigations of additional values and values hier-
archies, and technical investigations to develop a design
that aligns with the identified values, norms and design
requirements.

4.3. Identifying inter- & intra-value conflicts

Within the pursuit of a VSD for regenerative valve
implants, the values may present what appear to be con-
flicting demands. In other words, they may produce value
conflicts [28].

Van de Poel has discerned two types of value con-
flicts. First, conflicts may arise between values that pose
contradictory demands [28]. For example, an inter-value
conflict could arise between the values of justice, health
and safety in relation to the stratification of the implant
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design. The values of justice and health may advocate
for tailoring the implant design to specific user groups,
as proposed under ‘design for difference’ In contrast,
safety considerations may recommend the pursuit of a
single implant design to streamline safety testing dur-
ing phase | clinical trials. Second, if multiple stakehold-
ers are involved, the possibility exists that different stake-
holders may hold divergent views on which values are rel-
evant for the implant design, or how the values should
be conceptualized or specified [28]. In relation to the
value of justice, other conceptualizations than the one
we described in this paper are possible. According to Van
de Poel’s description of the activity of conceptualizing
values, the choice for one conceptualization of a value
over another should be based on two types of consider-
ations: philosophical arguments regarding the adequacy
of certain conceptualizations, and practical arguments
regarding whether the conceptualization captures the
types of impact that the technology design in question
may have [28]. We chose a conceptualization of justice
that substantiates the aims of inclusive design, which we
have argued is relevant for the design regenerative valve
implants. Still, stakeholders might disagree on which con-
ceptualization is most appropriate, which would in turn
have consequences for the resulting values hierarchy for
inclusive design of the implants.

In addition to these two types of value conflicts, a
third value conflict was encountered in this paper. Even
prior to stakeholder involvement, specification of a value
into norms and design requirements might result in
design requirements that pose (seemingly) contradic-
tory demands. These could be called intra-value conflicts.
For example, a potential conflict may arise between the
requirement to ‘design for difference’ and the require-
ment for ‘affordability and cost-effectiveness; as strati-
fication - i.e., designing different implants for different
user groups — might raise the prices rather than lower
them. Choosing between a uniform off-the-shelf avail-
able design and a customized design in light of this
conflict is a major concern for engineers [37]. Resolving
these intra-value conflicts is important because neglect-
ing them can lead to the final implant design harbouring
potential injustices, inequalities and inequities. Strategies
for resolving value conflicts have been discussed else-
where [28], and should be taken up in the pursuit of a VSD
for regenerative valve implants.

5. Conclusion

In this paper, we investigated the conditions for inclusive
design of RM interventions, taking regenerative implants
as a showcase. We showed that the aim of inclusive
design relates to the value of justice. Justice is con-

cerned with recognition (claims about equal respect
for marginalized groups and undervalued social iden-
tities) and redistribution (the equitable distribution of
goods and resources). By means of a value hierarchy,
we translated the value of justice into three norms:
regenerative valve implants should be designed to pro-
mote equal opportunity to good health for all poten-
tial users; in the design process, equal respect for all
potential users should be shown; and the implants
should be designed to be accessible to everyone in
need. Based on these norms, we formulated six design
requirements: regenerative valve implants should be
designed to account for relevant user differences, be
affordable and cost-effective and be suitable for global
distribution, and the design process should involve
diverse design teams, engage users and use inclusive
communication.

Overall, by laying down the conditions for inclusive
design of regenerative valve implants, we hope to aid the
design of implants that are appropriate, respectful and
available for everyone in need. More generally, by exem-
plifying an ethically proactive approach to the design
of RM technology, we hope to contribute to responsible
development of RM interventions.

Article highlights

Health research and care should be inclusive to address inequities
in health. Inclusion also deserves attention within the rapidly
evolving field of regenerative medicine. However, what inclusion
means and what inclusive design should entail in the context of
regenerative medicine is not clear.

This paper investigates the conditions for inclusive design of
regenerative medicine interventions, taking regenerative valve
implants (i.e., in situ tissue-engineered heart valves) as a showcase.
The aim of inclusive design relates to the value of justice. Justice is
concerned with recognition (claims about equal respect for
marginalized groups and undervalued social identities) and
redistribution (the equitable distribution of goods and resources).
A values hierarchy is a deliberative tool to translate a value into
norms and design requirements in the context of technology
design.

The value of justice can be translated into three norms:
regenerative valve implants should be designed to promote equal
opportunity to good health for all potential users; in the design
process, equal respect for all potential users should be shown; and
the implants should be designed to be accessible to everyone in
need.

Based on these norms, the following design requirements can be
formulated: regenerative valve implants should be designed to
account for relevant user differences, be affordable and
cost-effective and be suitable for global distribution, and the
design process should involve diverse design teams, engage users
and use inclusive communication.

Together, the norms and design requirements shape the
conditions for inclusive design of regenerative valve implants.

- This paper aids the design of implants that are appropriate,
respectful and available for everyone in need. More generally, by
exemplifying an ethically proactive approach to the design of
regenerative medicine technology, it contributes to responsible
development of regenerative medicine interventions.
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