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ABSTRACT

Women’s participation in boxing has expanded rapidly, yet health management practices related to repetitive head impacts remain
largely shaped by male-centred evidence, uncertain long-term consequences and formal clinical thresholds, creating persistent gaps
around head impact exposure, where symptoms are diffuse, cumulative and often normalised in sports training culture. This article
presents a situated practitioner—researcher reflection on an exploratory initiative in women’s boxing by examining how biomechanical
data and embodied experience are integrated through practice-based research. Instrumented mouthguard data were curated into visual
reports and discussed with athletes as potential resources for health awareness and prevention. Three anonymised episodes are
examined, including: differences in exposure patterns between athletes; the repurposing of the reports for tactical preparation; and the
preference for impact location visualisations and comparative information. The reflections suggest that the reports functioned as
boundary objects by bringing biomechanical measurements into dialogue with the athletes’ embodied and tactical knowledge.
However, they did not produce a change in daily practice. Athletes often prioritised immediate performance benefits over future health
risks, while coach engagement with the data was uneven. The study contributes to an implicit everyday co-creation process and
identifies both the innovation potential and the practical limits of prevention data communication in a pro-risk sport culture.
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INTRODUCTION

Women’s participation in boxing and other combat
sports has increased substantially over the past decade,
intensifying attention to athlete safety and long-term
health outcomes. Despite this growth, health
management practices, particularly those related to
repetitive head impacts, remain unevenly developed and
strongly influenced by evidence derived from male
populations (Anderson et al., 2023; Merone et al., 2022).
This misalignment is particularly important in boxing,
where decisions on training intensity, exposure to
sparring and competition preparedness are taken daily.
Women who engage in sports may experience varied
symptom patterns and recovery trajectories, yet many
everyday health judgements are made outside clinical
settings through tacit norms and embodied judgment.
Consequently, subclinical brain stress that comes in the
form of minor adjustments in fatigue, mood, cognition or
body awareness often goes unnoticed or comes to be
normalised, although it may have a cumulative effect
(Gupte et al., 2019). These conditions position women’s
brain health in boxing as a complex problem situated at
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the intersection of data, experience, authority, and
institutional responsibility.

Existing responses to this problem can be partially
solved via technological innovation, such as impact-
sensing devices or computational modelling. These
devices are starting to be used at scale in sports such as
rugby. However, they usually are used within discrete
events (e.g. a specific game); and pay limited attention to
how such data is interpreted, trusted or acted upon in
practice. Athletes are frequently positioned as data
sources rather than as knowledge holders and
experiential insight is marginalised when it conflicts with
formal indicators. Therefore, the practical meaning of
technology should depend on how numerical information
is interpreted alongside athletes’ experience, tactical
priorities and the authority of coaches and health
professionals.

Co-creation has been proposed as a pathway to more
inclusive and context-sensitive innovation by integrating
diverse forms of expertise (Trischler et al., 2019).
However, critical scholarship cautions that participatory
approaches are deeply shaped by power relations and
may reproduce existing hierarchies unless their epistemic
and ethical conditions are examined (von Busch &
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Palmas, 2023). This article examines innovation
potential and limitation through a situated practitioner-
researcher reflection guided by boundary objects (Star &
Griesemer, 1989) and co-creation in women’s boxing.
The study addresses two research questions: (1) How did
the curation and discussion of instrumented mouthguard
reports bring quantitative exposure data into dialogue
with athletes’ tactical knowledge? (2) What do the
observed episodes reveal about the possibilities and
limits of implicit co-creation for prevention innovation
in women’s boxing?

THEORETICAL BACKGROUND
Innovation through co-creation in complex contexts

Co-creation innovation is becoming frequently
applied in areas that are characterised by uncertainty,
plural expertise, and decision-making, including health,
care and high-risk working conditions. Instead of taking
innovation as the linear exchange of expert knowledge
into practice, co-creation outlines the significance of
cooperation, whereby several actors can participate in the
process of problem framing, knowledge production, and
solution development (Trischler et al., 2019). In this
sense, co-creation deals with the re-configuring of the
emergence of innovation through the redistribution and
negotiation  of  knowledge  authority = among
heterogeneous stakeholders. In health-related contexts,
this redistribution is specifically pertinent in a situation
where the normalised metrics and protocols fail to
capture the lived, situated, or longitudinal aspects of
experience.

Sport and exercise research has identified a
systematic under-representation of women in research
and guideline development with the protocols developed
failing to capture sex-specific physiology, recovery
patterns, and symptom expression (Anderson et al.,
2023; Merone et al., 2022). In this context, it is
impossible to reduce innovation to technological
progress, but rather the mechanisms need to be in place
to allow the articulation, alignment, and conversion of
various kinds of knowledge (i.e. biomechanical, clinical,
experiential) into actions. Nevertheless, critical
perspectives have warned that co-creation does not
necessarily result in more equitable or productive results.
Participatory initiatives can replicate hierarchies that
already exist, instrumentalise the labour of the
participants, or produce outputs that do not get
institutional traction (von Busch & Palmas, 2023). These
critiques represent the importance of looking at the way
in which co-creation is exercised, what sort of knowledge
it stabilises, and which material and organisational
arrangements make participation consequential. From
this perspective, co-creation can be understood as an
experimental innovation process, whose impacts rely on

the infrastructures that facilitate translation across
domains, rather than on participation alone (e.g.
workshops or focus groups). In this case, the process of
innovation occurs in situational interaction that is
mediated by trust, authority and role multiplicity,
presenting ethical and epistemic challenges concerning
who can and cannot speak, whose knowledge is
acknowledged, and how knowledge generated through
experience is circulated. These concerns connect co-
creation with practitioner—researcher positionality,
because embedded access can support translation while
also shaping disclosure, trust and authority (Alvesson &
Skoldberg, 2018; Dwyer & Buckle, 2009).

Boundary objects and knowledge production

To analyse how co-creation enables alignment across
heterogeneous forms of expertise, this study draws on the
concept of boundary objects. Originally introduced by
Star and Griesemer (1989), boundary objects are
artefacts, practices or representations that inhabit
multiple social worlds simultaneously, enabling
coordination without requiring consensus. Boundary
objects have been utilised extensively in the analysis of
scientific  collaboration, design processes, and
interdisciplinary innovation, especially in the areas
where actors are subject to varying epistemic norms and
accountability regimes (Johnson et al., 2017). In health
innovation, the work of boundary crossing in line with
the transfer of knowledge is precisely that of the
previously mentioned protocols, dashboards, reports or
other digital tools. The biomechanical head-impact data,
symptoms, the coaching practices and the medical
judgement is generated and interpreted in separate
professional and experiential domains. These knowledge
forms are still incomplete in the absence of the mediating
structure such that they are restricted to inform practical
decisions concerning training load, recovery or risk
exposure. Boundary objects provide a way to understand
how co-created artefacts, such as integrated reports or
shared interpretive frameworks, can bring data and
experience into a common interpretive space without
erasing their differences. They embody assumptions
about what counts as relevant knowledge, whose
interpretations matter and how uncertainty is handled.
Analysing which boundary objects emerge through co-
creation, and how they are taken up in practice, therefore
provides insight into the innovation effects of
participatory processes beyond their immediate outputs.

Repetitive head impact exposure

Repetitive head impacts in combat sports often
produce effects that fall below established clinical
thresholds yet accumulate over time, manifesting as
subtle changes in cognition, mood, sleep or hormonal
regulation. This condition poses challenges for health
management because it does not fall within binary
classifications of “injured” versus “healthy”, but rather
extends in temporal scales (Gupte et al., 2019). For
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female athletes, these challenges may be compounded by
sex-specific physiological factors and by training
cultures in which symptoms may be normalised or under-
reported.

From an innovation perspective, repetitive head
impacts can represent a challenge of knowledge
integration. Although advances in biomechanics and
sensor technologies generate increasingly granular data
on head impacts, data alone does not determine how risk
is perceived, communicated or acted upon in practice.
Decision-making instead relies on contextual
understandings of training demands (e.g. performance—
health trade-offs), coaches’ capacity to recognise
potential signs of brain stress, and institutional norms
governing performance and safety (e.g. combat rules as
enacted by presiding referees).

This study approaches this concern as a context
where innovation through co-creation becomes
necessary to bridge gaps between what can be measured
and what is lived. By examining how boundary objects
emerge through participatory engagement, the analysis
highlights the role of co-creation in producing
interpretive infrastructures that support ongoing, situated
decision-making under uncertainty. In doing so, it shifts
attention from technological optimisation to the
relational and epistemic conditions through which
innovation becomes meaningful in everyday practice. In
such conditions, innovation depends not only on
producing new data, but on creating interpretive
infrastructures capable of mediating between embodied
experience, technical measurement and institutional
authority.

METHOD AND DATA
Research design and epistemic positioning

This study adopts an exploratory case study design
grounded in embedded, practice-based research (Schon,
1983; Alvesson & Skoldberg, 2018). It is situated within
an ongoing action-oriented initiative focused on
women’s health and safety in boxing. The study
approaches co-creation as a longitudinal, relational
process unfolding through sustained engagement with
the sport ecosystem, consistent with experimental and
participatory approaches to innovation research
(Trischler et al., 2019).

The research is informed by a practitioner—researcher
positionality, where the first author occupies multiple
roles within the field: as a former competitive boxer,
certified jury member and referee. Such insider
positioning is recognised in qualitative research as a
source of situated access and tacit knowledge, while
simultaneously requiring reflexive engagement with
power relations and role boundaries (Dwyer & Buckle,
2009; Breen, 2007). Rather than seeking to neutralise this

positionality, the study treats it as analytically
productive, particularly in a domain where risk, authority
and silence shape health-related decision-making
(Haraway, 1988).

Empirical materials and data sources

The initiative took place between January and March
2026 in Portugal, involving six female boxing athletes.
The material analysed in this paper derives from
biomechanical head-impact data, collected using
instrumented mouthguards during training and sparring
sessions. This data was generated as part of parallel
biomechanical research and provide quantitative
representations of impact exposure. In line with science
and technology studies approaches, these measurements
are treated not as objective truths but as representational
artefacts whose meaning emerges through interpretation
and use in practice (Suchman, 2002). For the purposes of
this study, mouthguard data function as inputs to
collective sense-making, not as standalone diagnostic
indicators. The sensor outputs were curated into
individual athlete reports containing visual and
numerical representations of exposure, including impact
locations, intended to steer discussion about current and
potential long-term health concerns and to support
discussion about existing prevention strategies with
athletes and coaches. Private conversations and personal
symptom accounts are not treated in this study. Instead,
the analysis uses anonymised episodes centred on how
the reports were interpreted and repurposed.

Co-creation in practice: participation, power and ethics

Co-creation in this study emerged through situated
interactions  including  informal  conversations,
collaborative interpretation of data and iterative feedback
moments, constituting key sites of knowledge
production. These distributed and ongoing forms of co-
creation align with critiques of participatory design that
emphasise everyday practices over staged participation
events (von Busch & Palmas, 2023).

The first author’s dual role as researcher and official
created ethical and methodological challenges related to
authority, consent and disclosure. Research literature
highlights the necessity of explicitly addressing these
dynamics, particularly where professional roles carry
evaluative or disciplinary power (Dwyer & Buckle,
2009). To mitigate this influence, data collection was
decoupled from situations involving formal authority,
participation remained voluntary and analytical attention
was directed toward how power relations shaped what
could be said, withheld or reframed. These dynamics are
treated as integral to the research and innovation process
(Alvesson & Skoldberg, 2018). Invited athletes provided
informed consent for the collection and use of the
instrumented mouthguard data. The protocol received
ethical approval from the Ethics Committee of the
University of Aveiro, reference number 62-CEIC-
UA/2025-D.
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Analytical strategy

For this study, the authors selected three anonymised
episodes exposing different relationships between
measurement, athlete experience and potential action
pathways. The episodes concern: (1) uneven head-
impact exposure patterns and their preventive
interpretation; (2) the repurposing of health reports for
short-term tactical preparation; and (3) the iterative
preference for visual impact-location information and
comparisons between athletes.

They were interpreted abductively through the
implicit co-creation with the athletes, supported by the
boundary objects. The analysis asked how the process
adopted was useful to change health practices; what the
report made visible, how the athlete or coach interpreted
it, whether communication changed and whether any
stable practice followed, which enabled conceptual
learning from situated experience while keeping the
claims proportionate to the initiative’s limited and
reflective character.

RESULTS

Episode 1: Uneven exposure patterns and preventive
interpretation

The reports corroborated observations that some
athletes experienced higher levels of head impact
exposure than others. Within the situated discussions,
these differences were considered alongside contrasting
boxing styles. For instance, athletes who adopted more
aggressive tactics or maintained less defensive
positioning, appeared to accumulate greater exposure.
The quantitative reports did not establish a causal
relationship between style and exposure, but they made
the contrast visible enough to support a shared discussion
of why apparently similar sessions could affect athletes
differently.

From a prevention perspective, the high impact
patterns suggested the potential value of longer recovery
intervals and more deliberate defensive work. These
possibilities were discussed with the coaches but were
not systematically implemented. The initiative did not
produce a routine in which the report automatically
changed training load, rest or technical preparation.
Some coaches had limited data literacy with the metrics
or genuinely did not know how to effectively reverse or
change these patterns.

The same report connected data derived from
mouthguard sensors (Figure 1 and Figure 2), the athlete’s
tactical deficiencies (e.g. exposed upper-left side of the
face) and pointed towards possible preventive responses
in defence. This boundary object function enabled a
conversation that had not previously been supported by
athlete-specific data, but it did not produce substantial
changes in training or post-impact recovery strategies.

Episode 2: Health-oriented reports repurposed for
performance

The reports were initially created to help athletes
recognise exposure patterns and reflect on possible
future health strategies, while considering female-
specific characteristics. In practice, however, athletes
frequently focused on the data to adjust sport tactics or
improve their next sparring session or competitive bout.
The data was not collected continuously, at every bout,
due to restriction of equipment, time, and athletes'
routines, but it supported the identification of certain
patterns i.e. more likely impact location; higher or lesser
impact accumulation in comparison to other bouts. The
exposure patterns were read as information about
defensive weaknesses and the demands of a particular
bout rather than prompts for long-term health risk
reduction. This interpretation by athletes indicated that
the probability of future health problems was uncertain,
whereas the next competition and its performance
demands were immediate. Additionally, the routine for
data collection (which required using a specific
mouthguard, with which athletes were unfamiliar), report
development (which demanded approximately 1-week),
discussions with athletes and coaches during training
generated several effects including curiosity, but also,
destabilisation of training. Creating sustained changes
through time, including reflection of quantitative data,
and health changes requires a more in-depth engagement
with health information with the actors, something that
was not planned in this short period. However, the study
showcased how intertwined the practices, objects and
information are in a risk-prone environment; and thus,
how actionable information is also required for this
everyday co-creation to happen.

Fig. 1. Smart mouthguard anchors the system in material,
measurable exposure.
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Fig. 2. Fictitious example of a report shared and discussed with
athletes. The data are indicative and do not represent a real-life
event.

Episode 3: Iterating visual communication and
comparative meaning

Athletes  engaged  with  different  visual
representations of the data collected and showcased
particular interest in the mouthguard’s detected impact
location i.e., if an impact was registered on the left, right,
upper or frontal region of the head. The reports were then
discussed and iterated based on the on-going questions
which emerged in-context. For instance, they questioned
what the limit for “safety” was; how was calculated and
this translated into the graph, they also tried to recap
certain moments of highly intense, suffered strikes, and
visualise them in the report, crossing this information
with location.

Another situation revealed after a few reports were
delivered was that athletes also wanted more
comparisons among athletes, to understand how better or
worse their performance was, in comparison to their
counterparts. Individual results alone were difficult to
interpret because they lacked a meaningful reference
point for what was relatively high, low or unusual results.
In one competitive session, both competing athletes wore
instrumented mouthguards, allowing their reports to be
viewed comparatively and that comparison generated
greater interest and clearer tactical interpretation than a
standalone report. However, paired data of this kind were
available only rarely, considering field restrictions and
access to athletes of the same weight (category), at the
same time.

DISCUSSION AND CONCLUSIONS

The three episodes suggest that the process followed,
the instrumented mouthguard and resulting reports can
function as boundary objects when they allow
heterogeneous forms of knowledge (i.e., biomechanical
measurements, embodied experience and tactical
judgement) to be discussed together. Their meaning
emerged when athletes connected exposure patterns with
boxing style, defensive positioning, impact location and
future performance goals, supporting a restrained claim

that co-creation increased the intelligibility and
relevance of the reports, but it did not by itself change
daily training practices or health strategies considering
that these are still not embedded routines in this type of
environment.

This study enabled athletes to take part in the
interpretation process which helped understanding how
information is prioritised from a multistakeholder point
of view. For instance, visual and comparative
information amongst athletes was considered paramount
to understand performance, and thus additional
information was added to the reports. However, existing
hierarchies and performance pressures remained largely
unchanged due to the exploratory nature of the study.
Next steps should include a facilitated process developed
with coaches and athletes; accommodating iterative data
literacy sessions to help developing more effective
strategies specifically for health prevention purposes,
which, from the observations made, are consistently
overshadowed by performance.

Despite the process and its limits, the boundary
objects used created an important opportunity for shared
discussions of tactics, performance and health in
women’s boxing, while also showing how health
prevention and sex-specific data could be repurposed
towards performance in response to the short-term
objectives of coaches and athletes. As boundary objects,
the reports supported coordination without requiring
consensus: researchers viewed them as tools to raise
awareness and stimulate discussion about sex-specific
health; athletes frequently viewed them as tactical
resources; and coaches presented mixed interpretations.
Decision-making remained with the actors who
controlled the training sessions and sparring practices.
Based on this study, a broader approach at the
institutional level is needed to support the translation of
report-based insights into sustained preventive practices,
while the absence of an agreed institutional response
limited the reports’ consequences.

The reflection is limited by its situated and
exploratory character as it concerns one initiative. The
mouthguard measurements describe exposure, not
clinical outcome; but the connection between the
measurements and the on-going experiences of athletes
help us establish strategies for future work needed at the
product design and service design level, for health.
Observations regarding coach literacy, willingness to
change practices; and sport priorities are understood as
features of the episodes described in this study, but which
resonate with the experiences surrounding women’s
boxing context. The first author’s embedded roles as
former athlete, and referee helped supporting discussion
across these different actors, also bringing the issue to
institutional levels of sport regulation (i.e. federation).

In conclusion, this situated reflection shows that
introducing data into practice is not equivalent to
producing innovation but can support opening pathways
for new products and service solutions. The reports made
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exposure visible and discussable and were iteratively
adapted, especially through impact-location visualisation
and comparative interpretation. Nevertheless, uncertain
future health consequences competed with immediate
performance goals, and communication alone was
insufficient to create sustained preventive routines.
Future initiatives should combine understandable visual
reporting with explicit facilitation, a better knowledge
and data literacy for coaches and athletes, co-defined
preventive objectives and agreed opportunities to revisit
action. In high-risk sports (e.g., boxing), co-creation can
make different forms of knowledge intelligible to one
another, but institutional commitment is required before
that understanding becomes a durable change in practice.
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