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1 Introduction

This journal recently published the launch of a personalized rehabilitation project
called “the rehabilitation tailor” (1), at the National Cancer Institute of Aviano, Italy.
The program is dedicated to women who have had breast cancer operations. The
challenge was to exploit the most modern technologies and create a rehabilitation path
that could be adapted to the patient’s needs and be carried out remotely, allowing her
to be educated and supervised during her oncological recovery.

Specifically, this innovative project provides the possibility of working on several
rehabilitation aspects, i.e., pain control, physical exercise for strength and resistance (the
Oncology in Motion project) (2-4), and kinematics for reconstructing the movement
impaired by surgery.

In the continuation of the path, the Institute’s choice was to use co-production as a
tool for involving the various stakeholders, to further improve and customize the
shoulder analysis algorithm available at the Institute and the rehabilitation path “in toto”
of these patients. Thanks are also due to the professional athletes who engaged and
provided help.

2 Pathway description

The project was developed with three macro-phases: the collaboration with a major
institution in the sector and scientific research, the generation of two different protocols
and related scientific publications, and the pilot application of the protocol to practical cases.

In the first phase, a collaboration was built between the Centro di Riferimento
Oncologico (CRO) national cancer institute and the Italian National Olympic Committee
(CONI), headquartered in Friuli-Venezia Giulia, Italy, through a scientific convention
developed ad hoc (5), with the aim of acquiring knowledge on athletes that can then be
transferred to patients, mostly regarding the kinematics of the shoulder for pathologies
inherent to the shoulder joint itself and for implications for the shoulder due to
oncological breast pathology. The choice of this institution was linked to its strength in
involving all high-level sports disciplines and in its important measurement technologies
not available at the CRO institute. This step allowed the medical personnel involved in
the project (mainly a pain doctor and a physiotherapist) to increase their kinematic and
electromyographic knowledge. After acquiring the necessary background and tools, we
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proceeded to measure the movements of athletes involved in speed
skating, a cyclical and repetitive sport that potentially has less
variability in the execution of the movement than patients
burdened by possible interference due to pain and functional
limitations, based on the type of treatment received (surgery,
radiotherapy, or chemotherapy) (6). Athletes, on the other hand,
have an almost constant cyclicity in their movement; therefore,
their contribution was invaluable in acquiring the know-how
necessary to understand and interpret the more marked kinematic
variations typical of patients, starting from a constant basis.

The second phase started with the drafting of the results
obtained in Phase 1 and their scientific publication as a prototype
of kinematic analysis for professional skaters (7). This analysis
protocol, built on the cyclical movement of the skaters, can,
through minimal calibrations, be used in almost any cyclical and
repetitive sport (e.g., running and cycling) and in the analysis of
upper limb movement by modifying the positions of the probes
on the muscles investigated, as it is applicable to any type of
cyclical and repetitive movement. The choice of this sport has also
led to the study of asymmetries in muscle fatigue, as it is one of
the very few professional disciplines with asymmetrical movement,
leading to a differentiated impact on the muscles of the right and
left legs. In addition, in this case, a specific and flexible
electromyographic analysis protocol was created and published,
with potentially useful repercussions on the asymmetries of
women who had undergone breast surgery and afterward found
themselves not only having differences in strength but also in
resistance to fatigue in the two upper limbs (8).

Once this second electromyographic analysis algorithm was also
defined, which can be used in the sports and rehabilitation fields like
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the previous one, we moved on to the third phase, focusing on the
theme of muscle coactivations (7). We started from the static
formulas described in the literature (9), integrating new dynamic
methods into the analysis protocol to understand the coactivation
of agonist/antagonist muscles in each phase of the movement (10).
As the dynamic formula was developed in the context of the
National Institute for Accident Insurance at Work (INAIL), it was
decided to also involve this institute in the co-production process
through a second scientific agreement stipulated ad hoc with the
CRO institute (11) (Figure 1). The involvement of INAIL was
particularly important in directing the attention of breast
operation patients to the post-treatment phase, given that breast
cancer disease often affects young women, who need to be
reintegrated into work after the etiological treatments (1). To
the
rehabilitation, even at home, using the position sensors already

expand use of movement analysis technologies in
present in smartphones, a computer scientist expert in artificial
intelligence applications has been involved in the creation of
software capable of evaluating the asymmetries and fluidity in
movement with objective indices. This software has also been
developed for roller speed skating but it can potentially be used
for any repetitive movement, such as the rehabilitation movement

of the shoulder in women who have undergone breast surgery (4).

3 Discussion

The path described presents interesting and innovative aspects in
the field of co-production in healthcare, starting from experiences
already studied by the authors (4, 12, 13). There were many
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stakeholders involved, with each contributing to the already existing
“Oncology in Motion” project (2). CONI and the athletes analyzed
provided the patients with a message of putting in the effort to
achieve a goal, with the only difference being that the athletes
choose the race they participate in, unlike the patients. The
physiotherapist-athlete has combined the fields of sport, research,
and health rehabilitation in the same person, spreading these
concepts to patients on a daily basis. The engineers and the
computer scientist have built a personalized kinematic analysis
algorithm based on the most modern knowledge in this area,
developing protocols that can be used in other cyclic sports but,
above all, in rehabilitation, specifically for the shoulders of women
who have undergone breast surgery. The pain doctor has worked
to make it possible for women affected by severe pain after surgery
to access physiotherapy using the pulsed radiofrequency techniques
at his disposal, and he lent himself as a subject for one of the
kinematic studies, wearing for the first time turns the skates and
testing the goodness of the algorithm in discerning the kinematics
differences between the perfect movement (that of the professional
athlete, the physioterapist) and the one that can be perfected (that
of neophyte skater, the pain doctor himself) (14). The athletes
involved, some very young, understood the importance of helping,
when healthy, scientific research for the benefit of those suffering
from important pathologies and setting an example from a young
age. The two co-production experts in the team have provided
dignity and scientific solidity to the “Oncology in Motion” path
already started but, more importantly, patients suffering from
shoulder pathology (15) and women who have undergone breast
surgery now have new and peculiar analysis algorithms for their
rehabilitation and are aware that they are not alone in their path.
An attempt at translating these protocols from the world of sports
to breast cancer pathology was first undertaken in 2023, in which a
particularly complex case of a patient who had undergone bilateral
breast cancer surgery was successfully managed using the
algorithms described above, and a personalized rehabilitation plan
was created for her (16). In this case, the algorithms for the
activation and coactivation of the shoulder joint muscles, along
with the study of the fluidity of upper limb movement, using
indices derived from the study of the legs of professional roller
skaters, led to the identification and quantification of the patient’s
deficits and the proposal of an effective physiotherapy pathway
with targeted exercises and a pain modulation technique through
pulsed radiofrequency of the suprascapular nerve. Adapting the
path from the world of sports to oncology required an in-depth
knowledge of movement kinematics, as the variability in the
cyclicity of a professional athlete is significantly lower than that of
patients. Therefore, every variation in these latter subjects during
motor tasks had to be evaluated with great care, always considering
their clinical condition. In particular, the analysis protocol
developed for athletes was adapted for patients with breast cancer
by modifying the minimum number of repetitions required for
each motor task investigated (at least six for each movement, from
which average values are then extrapolated), as the variability
among patients is greater than that of athletes, who exhibit more
homogeneous movements, allowing for fewer repetitions. The study
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of muscle coactivations in breast cancer patients also included
analysis of the pectoralis major muscle, which is of less interest in
athletes. Based on kinematic shoulder analysis, we hypothesized a
personalized physiotherapy plan primarily targeting the middle
trapezius and pectoralis major muscles. The study of muscle
coactivations has also led to a better understanding of the
effectiveness of pulsed radiofrequency in increasing the synergy
between the pectoralis major and latissimus dorsi muscles,
primarily through pain control. A limitation to this approach is
that not all healthcare institutions have access to the advanced
technologies described above, due to costs and the expertise
required to use them. As these technologies are also used in several
professional sports, hospitals that are not equipped with them can
collaborate with their respective national Olympic committees to
gain access to the analysis devices available in sports societies. They
can also leverage telemedicine to interpret the acquired data by
sending them to more experienced rehabilitators, regardless of their
location. A possible solution is therefore the creation of a
consultancy service that the CRO of Aviano or other hospitals with
a good knowledge of the kinematic analysis can offer to users from
other locations, by studying selected subjects on-site and providing
a sort of “advanced rehabilitation dossier” to the physiotherapists
and doctors of patients who have a challenging rehabilitation path.
This approach would further strengthen
networking between national and international oncology centers.

the capacity for
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