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1 INTRODUCTION

This project has the ambition to realize a new medical device deliveringdpulse
electromagnetic field§PEMF) for the treatmenbf inflammatory joint diseaseand to
draftingdocumentation for its validation in the clinical setting. The implementation of such
a device would involve a radical breakthrough in the scientific knowledge shared by the
medical coomunity to date.The new medical device will target a wide rargjepeople:
professional and amateur athletes. The nedicaldevicewill be marketed irthe '"Sports
Medicin€ market for the treatment of minor injuries, for chondegeneration, but also as

a usual conservative treatment fdoiht Preservatior.

Joint Preservatiorrefers to a set of strategies and interventions aimed at maintaining joint

health and function in order to delay or avoid the need for invasive susgety as joint

replacementJoint preservation has become a topic of great interest in recent years as more
and more people seek to maintain the functionality of their joints for as long as possible.

This is especially important for active individuals, athletes, and those whoonéstoid or

delay joint surgery. The main goal &dint Preservatiors to preserve and restore articular

cartilage, improving joint function and reducing pain. This approach is especially relevant

for younger, active patients who wish to maintain a hgaftinctioning joint over the long
term.

The approach to joint preservation is based on several fundamental principles:

1. Early diagnosisearly detection of joint problems is essential to initiate timely and
appropriate treatment. The use of advandedjnostic tools such as higlsolution
imaging, such as MRI, can help identify joint injuries or abnormalities accurately.

2. Conservative therapy: conservative therapy is often the first step in the treatment of joint
injuries. This may include physical drapy with muscletrengthening exercises,

stretching, joint mobilization, and other nonsurgical treatment modalities to improve



joint stability and function; modifications of physical activity to avoid movements or
loads that aggravate the injury; and tee of supportive devices such as braces or
orthoses.

. Intra-articular injectionsintra-articular injections can be used to relieve pain and reduce
inflammation in the joint. Common injections used in clinical settings include
corticosteroids, hyaluronic aciddipose tissuand PRPRlateletRich Plasma), with the

intent to promote hemlg and tissue regeneration.

. Cartilage repair or regeneration: articular cartilage has a limited capacity fbeaétig.
However, various surgical techniques have been developed to stimulate healing and
regeneration of damaged cartilage, such as maxtfre, autograft, chondrocytes
implantation mesenchymal stem cells, and the use of biocompatible scaffolds.

. Joint alignment and stabilization: in some cases, correcting joint alignment or instability
problems can help reduce stress and strain on joiis. can be achieved through
surgical interventions such as osteotomy (bone axis modification) or ligament
reconstruction.

. Lifestyle changes: adopting a healthy and active lifestyle can help maintain joint health.
This includes a balanced diet, avoidingeoveight or obesity, adequate hydration,
avoiding risky behaviors, and adopting good exercise technique.

. Drug therapy: some drugs may be prescribed to reduce inflammation and control pain

associated with joint disorders.

It is important to note that the mmach toJoint Preservatiomay vary depending on the

specific condition, age of the patient, individual needs, and available resources. Early

diagnosis and treatment is important to maximize the results of joint preservation. Therefore,

it is always adwsable to consult a sports medicine specialist or orthopedic surgeon



experienced in joint preservation for a comprehensive evaluation and individualized

treatment planningViagee DJ. 2014



2 SPORTS MEDICINE

Sports medicings a branch of medicine that focuses on the prevention, diagnosis, and
treatment of injuries and illnesses related to physical activity and exercise, as well as health
promotion and performance enhancement of athletes and active individuals. It deals with
athletes of all levels, from amateurs to professional athletes, and applies to a wide range of
sports discipline¢Brukner P 2017).

Sports medicine was recognized as an official medical specialty by the World Health
Organization (WHO) in 1996. Its importee has grown in recent years as more and more
people engage in physical activity and sports. Professional athletes, amateurs, young people
participating in school sports, and workers in physically demanding jobs are all at risk for
sports injuries and autty -related diseases.

Sports medicine has an important role in helping these individuals prevent injuries, recover
from injuries, and improve their sports performance as well described in the reference
manual for health and fitness professiontiiat provides detailed guidelines for exsec
prescription and evaluatioACSM's Guidelines for Exercise Testing and Prescription along
with the American Medical Society for Sports Medicine, AMSISM medical organization
representing sports physiciatizat provides resources, guidelines, and training for the
diagnosis, treatment, and prevention of sports injuries.

Sportsinjury preventionplays a key role irsports medicine and consists of a number of
strategies designed to reduce the risk of injumynduphysical activity and spo(BahrR.

2016) These strategies may include waumm exercises, appropriate training, use of
protective equipment, adequate recovery, and assessment of fithess for physical activity
(Bahr R 2005) Adequate training is a kdactor in the prevention of sports injuries. Athletes
should follow a welldesigned training program tailored to their abilities to avoid excessive

or repetitive overloads on certain body pafBahr R. 2015,Emery CA. 2015) An



experienced coach or phyal therapist can help athletes develop a personalized training
program to reduce the risk of injury. The use of protective equipment can also help prevent
injuries in sports. This can include the use of helmets, appropriate footwear, knee and elbow
pads,back suspenders, and safety equipment for contact dptmtsomallis, C. 2007;
Emery CA 2015)Protective equipment should be selected according to the sport played and
the athlete's position. Proper recoveryaiso important in preventing sports injuries
(Frizziero A. 2014. Athletes should take time to rest and recover between training or
sporting events in order to avoid overuse fatigue or overlated injuriegGabbett TJ.

2016) Athletes should also eat a batad diet and hydrate adequately to keep the body
healthy and ready for physical activity. Fitness assessment for physical activity is another
critical aspect of sports injury preventighinch CE 2016) Athletes should undergo a
comprehensive physical amination before beginning athletic activity to identify any health
problems that could increase the risk of injury. The evaluation may include blood tests, heart
tests, lung function tests, and strength and flexibility assessf@@tsnnor KL 2017).

In summary, sports injury prevention is an integrated approach that requires a combination
of strategies, including appropriate training, use of protective equipment, adequate recovery,
and assessment of fithess for physical actiiiiiykendall DT. 2010. With proper attention

to sports injury prevention, athletes can enjoy physical activity in a safe and healthy way.
Diagnosis of injuries in sports is a critical aspect of sports medicine, as accurate diagnosis
can determine the appropriate treatment accklarate the athlete's recoveiiahmut

Nedim Doral&Jon Karlsson 20)5The diagnosis of injuries in sports is based on the
patient's medical history, physical examination, diagnostic imaging, and other diagnostic
tests(William HM. Castro 2001 The med:al history is the first step in the diagnosis of
sports injuries and includes an assessment of symptoms and their development, as well as

the nature of the sports activity and events that may have led to the injury. The physician



may also review the pah&s medical history, including any previous injuries and preexisting
health conditions(Magee DJ.2014). The physical examination is the second step in
diagnosing injuries in sports and focuses on examining the area affected by the injury. This
may include assessment of the appearance of the affected area, muscle strength, flexibility,
balance, and joint nimlity. Diagnostic imaging is often used to confirm the diagnosis and

to determine the extent of the injidahmut Nedim Doral&Jon Karlssd?015. This may

include radiographs, magnetic resonance imaging (MRI), computed tomodap)yor
ultrasound. Thee instrumental assessmea# provide information about the severity of

the injury, the presence of fractures, lacerations, soft tissue injuries, sprains or ligament
injuries (ThackerSB. 2004) Other diagnostic tests may include blood tests, uring w@sts
pulmonary function test®'Connor KL. 2017).

In general, the diagnosis of sports injuries requires a comprehensive evaluation of the patient,
including medical history, physical examination, and other diagnostic tests. Once the
diagnosis is estabhed, treatment can be tailored to meet the patient's needs and speed
recovery.

The treatment of activityand exercise@elated injuries and illnesses in sports medicine can
vary depending on the severity of the injury or illn@a&lliam Prentice & DanieArnheim

2013. The treatment of sports injuries is a complex process that requires the collaboration
of various health and sports professionals, including physicians, physical therapists, coaches,
and athletes themselv@sllenbecker, T2009. The treatmeit of sports injuries focuses on
managing pain, function, and the athlete's ability to return to athletic a¢kvaptera WR.

2018. The treatment of sports injuries can include several phases, including:

1. Injury assessment: a physician or physical tpistaevaluates the injury and determines

its severity and cause.



2. Pain and inflammation control: the physician or physical therapist prescribes medication
for pain and inflammation, if necessary, and may apply manual therapy techniques, such
as massage ooint mobilization, to relieve pain.

3. Restoration of joint function: the physical therapist can use therapeutic exercises and
manual therapy techniques to restore joint mobility and movement.

4. Restoring muscle strength: the physical therapist or trainetthesegpeutic exercises to
strengthen the muscles that support the injured joint.

5. Sports rehabilitation: the physical therapist or coach works with the athlete to restore the
ability to perform sporspecific exercises and movements.

6. Prevention of future injries: the physical therapist or coach works with the athlete to
develop an injury prevention program to prevent recurrence and future injuries.

In general, treatment mapclude conservative therapies surgery(Magee DJ. 2014

Conservative therapiegre the first approach in treating injuries and illnesses related to

physical activity and exercise. These can include pain management, physical therapy,

medication use, and rehabilitatifrontera WR. 2018 Pain management may include the

use of pain mdications, such as acetaminophen or nonsteroidairdlammatory drugs

(NSAIDs), or the application of ice or heat. Physical therapy may include stretching and

muscle strengthening exercises, joint mobilization, marnh@tapy, and therapy with

deviceghat deliver physical stimulRehabilitation may include working with a physical or
occupational therapist to restore strength, flexibility and function to the area affected by the
injury.

In some cases, surgeries may be necessary to treat injurieBassei$ related to physical

activity and exercise. These may include repair of muscle or tendon injuries, ligament

reconstruction, repair of fractures, or removal of damaged tissue. After surgery, it is often

necessary to follow a rehabilitation progranrégain strength and functiomhe treatment



of sports injuries can vary depending on the type and severity of the injury and the specific
needs of the athlete. However, there are some general guidelines that can help ensure proper
and safe treatment. Fexample, it is important that the athlete receives a proper medical
evaluation, that treatment is guided by a qualified health care professional, and that the
athlete follows a structured and monitored rehabilitation program to avoid recurrence. In
summarythe treatment of sports injuries is a complex process that requires the collaboration
of various health and sports professionals to ensure proper management of pain and
restoration of function and the athlete's ability to return to sports activity.

Thus,sports medicine is a multidisciplinary medical specialty involving several disciplines,
including orthopedics, trauma, internal medicine, cardiology, sports physiology, and
rehabilitation(Brukner P 2017)As a multidisciplinary medical specialty, sports medicine
involves a wide range of health care professionals, including physicians, physical therapists,
biomechanists, nutritionists, sports psychologists, and other professionals concerned with
the health ad wellbeing of athletes. These professionals work together to provide integrated
management of sports conditions, from musculoskeletal problems to nutritional disorders,
psychological problems and mo&ports physicians are trained to assess and mapags
injuries, using advanced diagnostic techniques such as MR, radiography, and ultrasound, as
well as conservative therapies or surgery if necessary. Sports physicians may work in various
settings, such as professional sports teams, universitiejlitaltian centers, and private
clinics (Hardt F. 202 In addition, they can be involved in managing medical emergencies
during sporting events, ensuring the safety of athlefesbecome a sports physician,
candidates must complete basic medical trgirand then specialize in sports medicine.
Training includes learning the basics of exercise physiology, biomechanics, sports nutrition,
rehabilitation and sports injury therap@arett WE& Kirkendall DT.2000. In addition,

sports physicians must be albbeassess and diagnose sports injuries and illnesses, as well
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as manage and monitor patients during rehabilitation and recovery. Sports physicians work
in a variety of settings, including professional sports teams, sports clubs, specialized sports
medicineclinics, hospitals and other health care settings. They play a key role in preventing
sports injuries by advising on warap and cocldown techniques, training in proper
technique, assessing physical condition, and prescribing targeted exéiiseknall
MacAuley&Thomas Besf008.

Sports medicine also plays an important role in theab#itation of sports injuries.
Rehabilitation is a stepy-step process, and the sports physician works with the patient to
establish an individualized rehabilitatiglan that includes specific exercises, physical
therapy, and proper nutrition. During the rehabilitation process, the sports physician
monitors the patient's condition and makes necessary changes to the rehabilitation plan to
ensure full recovery.

Sports nedicine is a constantly evolving field, asgdorts physicians must continually train

and update themselves to provide thestoeatment for their patientSome information

about the global sports medicine markiéte sports medicine market is growingasisy
worldwide. According to a repolly ResearchAndMarkets.com and a research report by
Grand View Research, the global sports medicine marletpiscted to reach9.14 billion

by 2026, with a compound annual growth rate of 6.4 percent from 2021 to(2pafs
Medicine Market Size This is attributable to the rise in the popularity of sports, the increase

in the number of sporielated injuries, and the increasedus on health and wellness in
general.

The report also indicates that North America is the largest market for sports medicine,
followed by Europe. This is due to the strong presence of sports infrastructure and
professional teams in these regions, as aghigh healthcare spending. Tdrewth of the

market is stimulated by several factors, including increased awareness about the benefits of
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physical activity and exercise, the growing popularity of sports among young people, and
the increasing focus on imy prevention programgAustralian Institute of Health and
Welfare 2022 Harner CD. 200B In addition, the increasing media attention on the
performance of top athletes has increased the demand for advanced treatments for sports
injuries. There are sewarspecializations in the sports medicine market, including trauma,
exercise physiology, sports rehabilitation, sports medicine, and sports nugiodin
G&SnyderMackler L. 2007. There are also many companies that offer equipment and
products tasupport and rehabilitate athletes.

In general, the sports medicine market is dominated by a few large companies, such as
Arthrex, Inc., Smith & Nephew plc, Stryker Corporation, and Zimmer Biomet Holdings, Inc.
However, there are also numerous small andivmedized companies that specialize in
specific areas of sports medicine.

In summary, the global sports medicine market is growing significantly and offers numerous
opportunities for investors, entrepreneurs, and industry professionals.

The continued ewvation of technology and research into the health andbeiig of athletes

will contribute to the growth and innovation of the market. Sports medicine has a significant
impact on the global economy as it contributes to the health andb@mel of profesional

and amateur athletes, as well as to the reduction of costs associated with sports injuries.
According to a study published in the British Journal of Sports Medicine, sports injuries
account for 120 percent of all acute injuries, costing the glazainomy about $20 billion
annually(Collins 1 2021, Mountjoy, M. 2011) The authorgointed out that sports injuries

have significant significance in terms of cost and health impact for both professional and
amateur athletes. In fact, sports injuries lead to longterm health consequences, such as

the onset of chronic conditions and reduced quality of life. The BJSM also emphasized the

importance of sports injury prevention through specific training prograraper physical
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preparationthe use oprotective andappropriate equipmentompliance with the rules of

the gameand the promotion diealthylifestyles.In addition, the authorkighlighted the
importance of prompt and effective intervention in the treatment of sports injuries in order
to minimize the negative consequences on the athlete's health. According to the study, the
sports at greatest risk of injury are soccer, basketball, ice hockey and rugby. In addition, the
most common injuries are muscle and ligament injuries, followed by factires. The

cost of sports injuries involves not only the care and rehabilitation of the individual athlete,
but also the social cost from lost work productivity and expenses for the health care system.
In addition, sports injuries can affect peopliééstyles, limiting their ability to perform daily
activities and sports. The management of sports injuries requires a multidisciplinary
approach involving physicians, physical therapists, nutritionists, and psychologists. The
study is an important souroaf information for the scientific community and sports
professionals, highlighting the importance of sports medicine as a multidisciplinary medical
specialty and the investment in sports injury prevention for thelwegtly of athletes and
society as a wHe.

The growing interest in the health and wiading of athletes, along with the increasing focus

on injury prevention programs and new technologies in the field of sports medicine, have
also led to the creation of several specialized organizations sociagns worldwide. For
example, the Federation International de Medecine du Sport (FIMS) is an international
organization that promotes the practice of sports medicine worldwide and provides a
platform for sharing knowledge and expertise among sporticine professionals. The
American Medical Society for Sports Medicine (AMSSM) is another specialized
organization in the United States dedicated to the promotion of sports medicine and exercise

science.
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In addition, there are numerous websites and-p@&wed journals, such as the British
Journal of Sports Medicine, the Journal of Science and Medicine in Sport, and the Journal
of Athletic Training, that offer advanced information and research on sports medicine and
athlete health.

In summary, sports megne is an evolving multidisciplinary specialty that offers numerous
opportunities for growth and innovation. The increasing focus on the health arokingl

of athletes, along with continued research and development of new technologies, will help

fuel the sports medicine market in the future.
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2.1 Joint injuries in athletes

Joint injuries can be classified according to their severity, location, and Gausge A

2105; Finch CF2015) Acute joint injuries, such as sprains and tears, can occur suddenly

during sports practice, whikehronic joint injuriescan develop over time due to excessive

mechanical stress or repeated use of the joint. Joint injuries are common among professional
and amateur athletes aate a major cause sports discontinuatio.he risk of joint injury

is influenced by multiple factors, including the type of sport played, duration of sport

activity, age of the athlete, gender, fitness level, type of footweal, ixgge of playing

surface, and training techniquéoint injuries can affect several anatomical structures,

including cartilage, meniscus, ligaments, tendons, and l{&ngebretsen 12012)

There are several types of knee joint injurtes, most impoent of which are

1. Articular cartilage injuries: occur wheonly the surface of tharticular cartilageis
damaged andan be caused by direct traumabronicoveruse othe joint.These types
of injuries are common in athletes who participate in spbesinvolve high pressure
on the articular surface of the knee, such as soccer, basketball, skiing, and tennis.
Symptoms include pain, swelling, and limitation of joint motion. In some cases, the
patient may also experience a noisstling,or locking sasation in the joint.

2. Anterior cruciate ligament (ACL) injuries are common among athletes and account for
about 40 percent of all knee injuries. Sports involving fast movements, changes of
direction and jumps, such as soccer, basketball, American football and downhill skiing,
have a higher risk of ACL injuries.

3. Meniscus injuries can occur due to sudden movement or direct trauma. These injuries
are common in athletes who participate in sports that involve twisting the knee, such as
soccer, basketball, field hockey, and skiit8ymptoms include pain, swelling, and

unsteady feeling in the joint
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4. Patellofemoral joint injuriesan be caused by misalignment of the patella or overuse.
These injuries are common in athletes who participate in sports involving excessive
pressure on thpatellofemoral joint, such as soccer, running, and cycling. Symptoms
include painswelling and unsteady feeling in the joint.

5. Osteochondral injuries involveot only cartilage but alsthe underlyingsubchondral
bone. These injuries can be caused lnedlitrauma or congenital malformation.
Osteochondral injuries are common in athletes who participate in sports that involve high
pressure on the articular surface of the knee, such as soccer, basketball, and tennis.
Symptoms include pain, swelling, andsteady feeling in the joint

In all these injuries, treatment depends on the severity of the injury. For minor injuries, the

patient may undergo physical therapy, such as physiotherapy and the use-of anti

inflammatory drugs. If the injury is more severég tpatient may need to undergo
arthroscopy to repair the injury or, in extreme cases, joint replaceneenprosthesifRates

of joint injury in professional and amateur athletes can vary widely depending on the sport

played and the demographic charastes of the athletes involved. However, in general,

studies have shown that professional and amateur athletes have a significantly higher risk of
joint injury than the general populatioA study by Darrow et alin 2014 found that
professional athletdsad a higher risk of joint injuries than amateur athletes, with joint injury
rates on the order of 280% (Darrow CJ. 2014)In particular, sports such as soccer,
basketball, and American football have particularly high joint injury rétesther study by

Shrieret al.reported that professional athletes had 20% risk of suffering joint injuries

each year, with the highest joint injury rates in sports such as rugby and &iucer I.

2006) A more recent study by van déforp et al.in 2015 examined joint injury rates in

amateur athletes participating in marathons and ultramarafhansier Worp MP. 2015)

The results showed that the risk of joint injury was 30 percent for marathon participants and
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42 percent for ultramarathon paipants. A studyy Pouloset al.examined joint injuries in
Australian professional soccer players and reported that the joint injury rate was 33.5 percent
(Poulos RG. 2021)This study also showed that older players had a higher risk of suffering
joint injuries than younger playerAnother study examined joint injuries among athletes
participating in the Olympic Gamé@sngebretsen L. 2012Jheir study found that 23 percent

of the athletes had sustained a joint injury, with 14.2 percent of these atuffeesg a

knee injury A systematic review bRribanet al.examined joint injury rates in athletes from

29 different sports around the woilDriban JB. 2015)This study found that joint injury

rates varied widely by sport played, with the highest joijry rates in the following sports:
soccer (45.2%), wrestling (36.6%), gymnastics (32.8%), ice hockey (32.3%), basketball
(31.3%), volleyball (27.9%), and American football (26.5%pung et al. examined the
experiences of professional female tennis players returning to competition from injury and
found thatthe majority of severe injuries were upper limb/shoulder and these were generally
treated at tournament sites with some reqgisargery(Young JA 2007)

In general, studies have shown that joint injuries are common in professional and amateur
athletes worldwide. However, the nature and extent of joint injuries can vary greatly
depending on the sport played and the individualatttaristics of the athlete. Professional

and amateur athletes should take preventive measures to reduce the risk of joint injuries,
including proper warrup, balanced training, proper use of footwear, adequate nutrition, and

effective stress management.
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2.2 Catrtilage injuries in athletes

Among joint injuries in athletes, an important role is played by cartilage inj@Gaetlage

IS a connective tissue and has the function of reducing friction and wear during joint
movemen{Buckwalter JA2004). Articular cartilage is a highly specialized tissue that lacks
vascularization, which means it has a limited capacitysédirhealingand injuries can be
difficult to treat Cartilage injuries can be caused by direct trauma, such as eofadion,

or sports injiry, or by repetitive stresses on the cartilage, as in the case of athletes who
engage in activities with jumping and repeated ground impamtspy a genetic
predispositior(Brittberg M. 2003) Professional athletes are particularly at risk for cartilage
injuries, as their intensive training and participation in competitions can put enormous
pressure on the joint§hese types of injuries can include cartilsggons teas, or abrasion.
Degenerative injuries are caused by a gradual deteriorati@mtiofilar cartilage, often
associated with aging, overuse of the joint, or genetic factors. These injuries can lead to the
formation of osteophytes or a loss of cartilage thicknegsiies can be partial or total and

can affect different parts of the tilage,such as the articular surfacesubstrate.

Cartilage injuries can cause pain, swelling, and limitation of joint movement. If not treated
properly, these injuries can lead to chronic joint problems, such as osteoditaiitisgard

D. 2011). Treatnent of cartilage injuries depends on the severity of the injury and location
(Hunziker EB 2002) In some cases, rest and physiotherapy may be sufficient for healing,
while in other cases surgery, such as cartilage repair or reconstruction, may be necessary
(Jackson DW1996.

In general, prevention of articular cartilage injuries involves avoiding overuse of joints,
maintaining a healthy weight, and doing regularreises to maintain muscle strength and
flexibility. In addition, athletes should use appropriate protective equipment and follow

safety guidelines during sports activities.
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Diagnosis of cartilage injuries can be difficult as symptoms can be vague anecibosp
Patients may complain of pain, swelling, peeling or a sensation of locking in the joint.
Diagnosis of cartilage lesions can be made through radiological examinations, such as
radiography, ultrasound, and MR, or through arthroscopic examinatiord) allow direct
visualization of the lesion and, in some cases, treatment during the same stitigers.is

pain or limitation of joint movement, it is important to see a sports medicine specialist for
proper diagnosis and treatment.

Treatment of cdilage injuries depends on the severity of the injlmgation, and cause of

the injury. Minor injuries can be managed with conservative therapies, such as physical
therapy rest, corticosteroid injectionthe use of orthopedic prostheses, or dhegapy to

relieve pain and inflammation. However, more severe injuries may require surgery to repair
or reconstruct the damaged cartilage. Surgical options include microfsgachagaicplasty,
autologous cartilage transplantation, mesenchymal stem reepiantation, and joint
replacementMithoefer K. 2009; Bartlett W. 2005 Brittberg M. 1994 Kon E 2014)
Microfracture is a surgical technique in which the bone tissue underlying the injuitjeid

to stimulate the growth of new cartilage tissue. Mosaicoplasty is another surgical technique
that involves removing a small piece of healtlsfeochondral graftom the same joint as

the patient to cover the lesion. Autologous cartilage transplantaivaives removing a

small amount of healthy cartilage from the same joint as the patient to create a patch to cover
the lesion. Mesenchymal stem cell transplantation is a new therapeutic approach involving
the injection of stem cells taken from the patgeatvn bone marrow into the cartilage lesion

to promote cartilage tissue regeneration. Joint replacement is a surgical option for extensive
cartilage injuries that cannot be repaired or reconstructed. This technique involves removal

of the joint.
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In summary articular cartilage injuries pose a significant challenge to sports medicine and
require a multidisciplinary approach to diagnosis and treatment. Research continues to
explore new treatment options and preventive strategies to help athletes avoid ge mana
these debilitating injuries.

Cartilage injuries are a significant problem for athletes of all levels and can limit their ability
to perform their sports activities, causing pain, inflammation, and reduced joint function.
Professional athletes are pantarly at risk for cartilage injury, as their sporting activities

put enormous pressure on their joints and increase the risk of acute or chronic injury.
Accordingto a study byRgtterud et al ¢artilage injuries are more common in professional
athletes hanin amateur athletedut sports medicine is not only limited to professional
athletes, but is alsapplied in amateur and recreational setti(igstterud JH. 2011)his

means that the markest extremely large and offers numerous opportunities forpaomes

in this field. There are numerous companies in the sports medicine industry that offer
products and services for athletes and active people. These include sports equipment
suppliers, sports nutrition companies, performance monitoring and managsoftestre

providers, and medical device manufacturers.

20



3 MDR: EUROPEAN MEDICAL DEV ICE REGULATION

A medical device is defined as means any instrument, apparatus, appliance, software,

implant, reagent, material or other article intended by the manufatduserused, alone or

in combination, for human beings for one or more of the following specific medical

purposes:

1. diagnosis, prevention, monitoring, prediction, prognosis, treatment or alleviation of
disease,

2. diagnosis, monitoring, treatment, alleviatiof, or compensation for, an injury or
disability,

3. investigation, replacement or modification of the anatomy or of a physiological or
pathological process or state,

4. providing information by means of in vitro examination of specimens derived from the
human ledy, including organ, blood and tissue donations,

and which does not achieve its principal intended action by pharmacological, immunological

or metabolic means, in or on the human body, but which may be assisted in its function by

such means.

The new European Medical Device Regulation (MDR) came into force on May 26, 2021,

replacing the previous Medical Device Directive (MDD). The main goal of the MDR is to

improve the safety and effectiveness of medical devices used in the European Union (EU).

The MDR represents a major change from the previous Medical Device Directive, which

was introduced in 1993 and had not undergone significant changes over the years. The MDR

reflects the rapid evolution of medical technology and patient needs, as weluamg

higher levels of safety and security for patients and healthcare professiomalsf the new

features of the MDR is the introduction of more stringent requirements for the marketing

authorization of medical deviceAmong the major changes intnockd by the MDR is
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increased requirements for higk medical devices. Specifically, higlsk medical
devices, such as implants, prosthetics, and diagnostic devices, will undergo a more rigorous
evaluation process, including risk assessment of adveesgseand review of technical
documentationin fact, the MDR includes the introduction of a new classification of medical
devices, which is based on the possible risks associated with the use of the device. The new
classification takes into account rigksthe patient, duration of device use, and invasiveness

to the human body. Class Il medical devices, for example, will undergo a more rigorous
risk assessment than Class | devices.

Medical device evaluation bodies should conduct a comprehenseation of the safety

and effectiveness of each device, including identification of possible risks to patients and
people involved in their manufacture and distribution.

The regulation also requires special attention to the information provided totpatimut
medical devices. Manufacturers will have to provide clear and understandable information
about devices, including possible side effects and contraindications. Medical devices will
have to be labeled in a clear and comprehensive manner thab isralerstandable to
patients.The MDRrequires medical device manufacturers to appoint a compliance officer,
who will be responsible for ensuring that devices comply with MDR requirements and that
technical documentation is available andtoqulate. The capliance officer will also be
responsible for handling complaints and incident repéutsther new feature of the MDR

is the requirement for manufacturers to continuously monitor their products after they are
placed on the market. Manufacturers will h&weollect and analyze data on the use of their
devices and, if necessary, take corrective measures to ensure the safety and effectiveness of
the devicesThe MDR provides for the introduction of a mandatory certificate of compliance
for all medical device. The certificate of compliance certifies that the medical device has

undergone a comprehensive evaluation process and complies with the requirements of the
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MDR. Medical device manufacturers will have to apply for the certificate of compliance
from a notfied body authorized by the European Union.

In addition, the MDR provides for the establishment of a centralized European database for
medical devices, which will make it possible to monitor medical devices on the market,
identify any safety problems, aneispond quickly to health emergencies.

In summary, the new European Medical Device Regulation (MDR) is a major step forward
in protecting patient health and promoting technological innovation in medical devices. Its
implementation will require increasedettion and preparation by manufacturessessing
bodies and regulatory authorities, but its benefits are expected to be significant for all

stakeholders involved in health care delivery.
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3.1 Clinical investigation of MDR Medical Device

Clinical investigdion means any systematic investigation involving one or more human

subjects, undertaken to assess the safety or performance of a device.

The clinical investigation involves @linical Investigation PlafCIP) means a document

that describes the rational®pbjectives, design, methodology, monitoring, statistical

considerations, organization and conduct of a clinical investigation.

Clinical data means information concerning safety or performance that is generated from the

use of a device and is sourced frimafollowing:

1. clinical investigation(s) of the device concerned,

2. clinical investigation(s) or other studies reported in scientific literature, of a device for
which equivalence to the device in question can be demonstrated,

3. reports published in peer iewed scientific literature on other clinical experience of
either the device in question or a device for which equivalence to the device in question
can be demonstrated,

4. Clinically relevant information coming from pestarket surveillance, in particuléne
postmarket clinical followup

This Regulation aims to ensure the smooth functioning of the internal market as regards

medical devices, taking as a base a high level of protection of health for patients and users,

and taking into account the smahdmediumsized enterprises that are active in this sector.

At the same time, this Regulation sets high standards of quality and safety for medical

devices in order to meet common safety concerns as regards such products. Both objectives

are being pursuedmsultaneously and are inseparably linked whilst one not being secondary

to the other. This Regulation sets high standards of quality and safety for medical devices by

ensuring, among other things, that data generated in clinical investigations are agichble

robust and that the safety of the subjects participating in a clinical investigation is protected.
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Key elements of the existing regulatory approach, such as the supervision of notified bodies,
conformity assessment procedures, clinical investigatindscBnical evaluation, vigilance

and market surveillance should be significantly reinforced, whilst provisions ensuring
transparency and traceability regarding medical devices should be introduced, to improve
health and safety.

The rules on clinical invéigations should be in line with wedistablished international
guidance in this field, such as the international standard ISO 14155:2011 on good clinical
practice for clinical investigations of medical devices for human subjects, so as to make it
easier or the results of clinical investigations conducted in the Union to be accepted as
documentation outside the Union and to make it easier for the results of clinical
investigations conducted outside the Unimnaccordance with international guidelines to

be accepted within the Union. In addition, the rules should be in line with the most recent
version of the World Medical Association Declaration of Helsinki on Ethical Principles for
Medical Research Involving Human Subjects.

It should be left to the Mendp State where a clinical investigation is to be conducted to
determine the appropriate authority to be involved in the assessment of the application to
conduct a clinical investigation anddoganizethe involvement of ethics committees within

the timelnes for theauthorizatiorof that clinical investigation as set out in this Regulation.
Such decisions are a matter of interm@anizatiorfor each Member State. In that context,
Member States should ensure the involvement of laypersons, in partictiEmtgpar
patientsorganizationsThey should also ensure that the necessary expertise is available.

An electronic system should be set up at Union level to ensure that every clinical
investigation is recorded and reported in a publicly accessible databa

A clinical evaluation shall follow a defined and methodologically sound procedure based on

the following:
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(a) a critical evaluation of the relevant scientific literature currently available relating to the

safety, performance, design characteristiod intended purpose of the device, where the

following conditions are satisfied:

1. itis demonstrated that the device subject to clinical evaluation for the intended purpose
is equivalent to the device to which the data relate, and

2. the data adequately demonstrate compliance with the relevant general safety and
performance requirements;

(b) a critical evaluation of the results of all available clinical investigations, taking duly into

consideration whether the investigations werdquered

(c) a consideration of currently available alternative treatment options for that purpose, if

any.

The requirement to demonstrate a clinical benefit shall be understood as a requirement to

demonstrate the performance of the device. Clinical evahmbf those products shall be

based on relevant data concerning safety, including data frommaoket surveillance,

PMCF, and, where applicable, specific clinical investigation. Clinical investigations shall be

performed for those products unless retmmn existing clinical data from an analogous

medical device is duly justified.

The clinical evaluation and its documentation shall be updated throughout the life cycle of

the device concerned with clinical data obtained from the implementation of the

manufacturer's PMCF plan and the postrket surveillance plan.
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3.2 Clinical investigation of Medical Devices for human subjects Good Clinical

Practice

General

All parties participating in the design and conduct of the clinical investigation shall be
qualfied by education, training, or experience to perform their tasks and thisb&hall
documented appropriatelfhe sponsor shall have access to medical expertise relevant to
the clinical investigationwWhere the risk management report's conclusions retyaireng

on the investigational device, consideration should be made by the sponsor about the extent
of the training (e.g. animal model, cadaver training, support to users throughout the clinical

investigationHrysomallis C. 200y

Clinical investigation process

Risk management principles shall be applied to both the planning and the conduct of clinical
investigations, in order to ensure the reliability of the clinical data generated and the safety
of subjects. The sponsor shall identify, ess and control risks associated with clinical
investigation processes to ensure the ethical and scientific conduct of the clinical
investigation and the credibility of the clinical investigation results. Clinical risks related to
the clinical procedures,ncluding follow-up procedures required by th€linical
Investigation Plan@IP) other than those related to the medical device, shall be identified
from the literature review. Their disclosure in the CIP and if applicable, the informed
consent, shall alsbe determined by the sponsor and managetieninterest of subject
safety.Risk control measures should be considered at both the clinical quality management
system level (e.g. standard operating procedures, computerized systems, personnel) and
clinical investigation planning and conduct (e.g. clinical investigation design, data
collection, informed consent process).
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Justification for the design of the clinical investigation

The justification for the design of the clinical investigation shall be based on the evaluation
of preclinical data and the results of a clinical evaluation and shall be aligned with the results
of the risk assessment. The clinical evaluation includessessment and analysis of clinical
data concerning clinical performance, effectiveness or safety of the investigational device or
similar devices or therapies. The evaluation shall be relevant to the intended purpose and the
proposed method of use of timwestigational device or similar devices or therapies. This is

a scientific activity that shall be done with rigour and objectiaitgording to scientific
standards

The results of the clinical evaluation and the risk assessment shall be used to ddatermin
required clinical development stages and justify the optimal design of the clinical
investigation. They shall also help identify relevant endpoints and confounding factors to be
taken into consideration and serve to justify the choice of controp¢gpand if applicable,
comparator(s), the use of randomization or blinding, and other methods to minimize bias.
The clinical investigation shall be designed to evaluate whether the investigational device is
suitable for the purpose(s) and the populatipfeiswhich it is intended. It shall be designed

in such a way as to ensure that the results obtained have clinical relevance and scientific
validity and address the clinical investigation objectives, in particular the baskfgrofile

of the investigdonal device. Several factors are important when designing any medical
device clinical investigation, including general considerations of sources of bias and bias
minimization, as well as specific considerations related to clinical investigation obgective
subject selection, subject endpoint(s), stratification, investigation site selection, and
comparativeclinical investigation design3.he clinical investigation should be designed to
allow confirmation of the benefiisk analysis of the investigationdévice as outlined in

the risk management report.
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Clinical investigation plan (CIP)

The CIP shall clearly outline the objectives of the clinical investigation. The proposed design
shall be adequately justified based on scientific and ethical princigtesobjective(s) of

the investigation determine(s) whether an exploratory or a confirmatory design is appropriate
to ascertain that the objectives of the clinical investigation can be reached.

The CIP and all subsequent amendments to the CIP are prepari Isponsor in
consultation with the biostatistician when relevant, agreed upon between the sponsor and the
coordinating investigator and accepted by all principal investigators, and are recorded with

a justification for each amendment.

Investigator's brochure (IB)

The purpose of the IB is to provide the principal investigator and the investigation site team
with sufficient safety or performance data from -plieical investigations or clinical
investigations to justify human exposure to the investigati device specified in the CIP.

The IB shall be updated throughout the course of the clinical investigation as significant new
information becomes available (e.g. a significant change in risk). In case of an
investigational device design change that cacur during the course of the clinical
investigation, the IB shall be updated and provide a justification for the change including an
update of the risk management section of the IB, if required. The principal investigator(s)
shall acknowledge receipt tife IB and all subsequent amendments in writing and shall keep

all its information confidential

Case report forms (CRFs)

The CRFs shall be developed to capture the data for each enrolled subject as required by the

CIP. The CRFs shall include information the condition of each subject upon entering, and
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during the course of the clinical investigation, exposure to the investigadieviak and any

other therapiesCRFs completion guidelines can also be developed to provide instructions
to theinvestigation site team for accurate completion, correction and signature of CRFs
along with expectations on handling clinical investigation deviations and unknown data, thus
reducing the need for sponsor data queries. A procedure shall be in placedptbaswhen

it is necessary to amend the CIP, the sponsor shall review the CRFs to determine if an

amendment of these documents is also necessary.

Monitoring plan

The sponsor shall determine the extent and nature of monitoring appropriate for tlaé clinic
investigation based on the risk assessm&he extent and nature of the monitoring,
including the strategy for source data verification versus centralized data review (evaluation
without visiting the investigation site), subject protection and tineggiting, shall be based

on the objective, design, complexity, size, critical data points and endpoints of the clinical
investigation and the degree of deviation from normal clinical practicesk-based
monitoring.

In general, there is a need for-site monitoring throughout the clinical investigation.
Centralized monitoring can be performed in addition to complemesit®@monitoring. In
exceptional circumstances, the sponsor can determine that centralized monitoring in
conjunction with procedures su@s investigator's documented training, meetings, and
extensive written guidance or telephone communication, can ensure appropriate conduct of
the clinical investigation. In such circumstances, the sponsor shall provide a justification for
omitting the sotce data verification. In addition, the sponsor shall ensure that the processes
and expectations for site record keeping, data entry, reporting ardefiektd and ensure
timely access to clinical data and supporting documentaiiba. sponsor shall ensyr

through oversight of the clinical investigation and timely adverse event reporting, that
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unanticipated adverse device effects are identified and investigated rapidly so that, where

necessary, additional risk control measures banimplemented Results of the risk

assessment shall be used to develop abasled monitoring plan and a supporting rationale.

The monitoring plan shall describe:

(a) the risks associated with the clinical investigation and adequate information on relevant
risk control measures

(b) the processes that need to be monitored including data that is required to be verified in
source documents;

(c) the monitoring methods (esite, a combination of esite and where justified, centralized
monitoring, as appropriate);

(d) the responsilities;

(e) the procedures and requirements for the investigation's oversight;

(f) the methods for documenting and communicating monitoring results;

(g) the methods for obtaining compliance;

(h) the process for escalation in case of continuous or egsagamcompliance;

(i) those aspects of the clinical investigation which need special attention because if
performed incorrectly or inadequately, would compromise the protection of human
subjects or the integrity of the data;

(j) the special requirementsgarding personal data protection.

The monitoring plan shall be tailored according to the stage of clinical development and the

type of clinical investigation.

Investigation site selection

The sponsor shall identify criteria necessary for the successhduct of the clinical
investigation prior to start of the site qualification process, including the facilities required

at the clinical investigation site, principal investigator's qualification and the type of
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environment (e.g. hospital versus hebasel). The investigation site's facilities should be
similar to the facilities required for the intended use of the investigational device(s), although
additional equipment and capabilities may be needed at investigation sites during the clinical
investigation to ensure that the necessary safety precautions are available. Prior to the
initiation of the clinical investigation, the qualifications of the principal investigator(s) and
adequacy of the investigation site(s) shall be verified and documented inestigation

site selection report. The rationale for selecting an investigation site shall be documented.
Investigation site selection rationale can be based on prior experience of the sponsor with

the principal investigator or the investigation site.

Agreement(s)

There shall be an agreement between the sponsor and the principal
investigator(s)/investigation site(s) and any other relevant parties (e.g. investigators,
CRO(s), and core laboratories), which defines the responsibilities of each partglinitiae
investigation. All agreements shall be recorded in writing, signed, and dated by all parties
involved. The agreement shall identify instances where, by participating in a clinical

investigation, the parties share regulatory responsibilities hélsponsor.

Labeling

The investigational device, the instructions for use, or the packaging shall indicate that the
investigational device is exclusively for use in a clinical investigation, unless this is not

required.

Data monitoring committee (DMC)

The sponsor shall consider establishing a DMC prior to starting the clinical investigation.
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The decision to establish a DMC shall be guided by the risk assessment, taking into account
both the risks associated with the use of the investigational devicbangks associated

with subject's participation in the clinical investigation. The primary function of the DMC
shall be described in the CIPhe sponsor or DMC shall establish a Charter to document the
following but not limited to:

(a) the responsibiliés and scope of activities of the DMC;

(b) the frequency, format, and documentation of meetings;

(c) arrangements for handling emergency situations.
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3.3 Clinical investigation conduct

General

The clinical investigation shall be conducted in accordance with the CIP.

The clinical investigation shall not commence until written approval/favourable opinion
from the Etical Committee EC) and, if required, the relevant regulatory authority of the
countries where the clinical investigation is taking place has been received.

The sponsor shall ensure ongoing risk management throughout the clinical investigation
taking into consideration all aspects related to the investigational device, clinical pescedu

required by the CIRand the investigation process

Investigation site initiation

An initiation visit for each participating investigation site or, alternatively, an investigator
meeting shall be conducted and documented by the sponsor or mottieebaginning of

the clinical investigation

A log shall be initiated identifying names, initials, signatures, functions, and designated
authorizationgor the principal investigator and members of the investigation site team.
Depending on the type andraplexity of the clinical investigation, and its associated risks,
site initiation can be performed by a telephone call or other communication, as specified in

the riskbased monitoring plan.

Investigation site monitoring

The conduct of the clinicahvestigation shall be monitorec¢@rding to the monitoring

plan.The results of all monitoring activities shall be documented.

Adverse events and device deficiencies
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Signals requiring immediate action

Signals from adverse events or device deficiertbi@smight indicate a serious health threat

can be detected by either the sponsor or principal investigator but are evaluated by the
sponsor. Any occurrence of a serious health threat can require a specific reporting process
according to regulatory requirents.

Adverse events

All adverse events and any new information concerning these events shall be documented in
a timely manner throughout the clinical investigation and sieleportedThis includes
adverse events identified in the CIP as criticahtdvaluation of the results of the clinical
investigation. Adverse events associated with users or other persons can be documented
separate from adverse events associated with the subject, taking into account the data privacy
regulation. Certain nationedgulations can apply to reporting of adverse events during post
market clinical investigations. All adverse events shall be reported in an interim or final
report of the clinical investigation.

Device deficiencies

All device deficiencies of an investigatial device shall be documented throughout the
clinical investigation and managed by the sponsor in accordance with written procedures for
the control of a nonconforming product. The sponsor shall take, where applicable,
appropriate corrective and prevestiactions to protect the safety of subjects, users, and
other persons. Device deficiencies of the comparator, if applicable, shall be documented.
The sponsor shall arrange for the safe return of the investigational devicer#éiated to

the device de€iency. Device deficiencies that did not lead to an adverse event but could
have led to a serious adverse device effect

(a) if either suitable action had not been taken,

(b) if intervention had not been made, or

(c) if circumstances had been less fortenat
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Where applicable, the analysis of used or explanted investigational devices shall be included
as supportive information.

Risk assessment process for potentially unacceptable risks

Risks arising during the course of a clinical investigation shall be gedreas follows
(a) Any person identifying an event or information that could have an impact on subjects’,
users' or other persons' safety has an obligation to inform the principal investigator and the
sponsor of their concerns.
(b) Risks are monitored aigat established risk acceptability thresholds.
(c) When circumstances of concern have been recognized, a preliminary risk analysis shall
be performed by the sponsor in consultation with the principal investigator and, if
appropriate, other advisors. Theelminary risk analysis caread to the following
outcomes:
1) The new information is adequately reflected in the existing risk assessment and
the individual and overall residual risks to subjects, users, or other persons remain
acceptable. The sponsomfifensure that a rationale for this is recorded in the clinical
investigation documentation.
2) Where possible, unacceptable risk or serious health threat has been identified, the
sponsor shall suspend the clinical investigation immediately and the ipgetymisk
analysis shall be documented amatified to the interested partieshile further
investigation is conducted.
(d) Where a preliminary risk analysis has resulted in the recognition of the possibility of an
unacceptable risk, the sponsor shall make appropriate arrangements for a comprehensive risk
assessment in compliance with ISO 14971. Where appropriate, a DeXpent advisors
should provide input intor conduct the risk assessment

(e) The comprehensive risk assessmenteahto the following outcomes:
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1) The new information is adequately reflected in the existing risk assessment and
individual and overallresidual risks to subjects, users or other persons remain
acceptable. The sponsor shall ensure that a rationale for this is recorded in the clinical
investigation documentation and necessary activities are performed before resuming
the clinical investigatn.
2) Corrective actions can be applied, including the following options:
(1) if the corrective actions do not affect the validity of the clinical investigation, the sponsor
shall revise the benefiisk analysis to justify continuation of the clinicalvestigation;
perform necessary activities before resumingcthrecal investigation
(i) if the corrective actions affect the validity of the clinical investigation, the clinical
investigation shall be terminated.

(iii) If corrective actions cannot bemied, the clinical investigation shall be terminated.

Clinical investigation documents and documentation
Amendments

The IB, CIP, CRFs, informed consent form and other subject information, or other clinical
investigation documents such as instructionsif@ shall be amended as needed throughout

the clinical investigation in accordance with written procedures for the control of documents
and document changes.

Documentation of changes shall include a description of the changes, justification of the
changesand their potential impact on the performance, effectiveness, safety or other
endpoints, and identification of the affected documents.

Proposed amendments to the CIP shall be reviewed and approved by the same parties, unless
specifically designated otheise. The amendments to the CIP and the subject's informed
consent form shall be notified to, or approved by, the EC and regulatthgrities, if

required The version number and date of amendments shall be documented.

37



If the amendment impacts the integof the clinical investigation, the data collected before
and after the amendment shallamalyzedstatistically to assess the effect of the amendment
on performance, effectiveness or safety analysis. This analysis shall be included in the
clinical investigation report.

Subject identification log

Each investigation site shall maintain a log of all the subjects enrolled in the clinical
investigation, assigning an identification code linked to their names, alternative subject
identification or contact infanation. Depending on the clinical investigation design, a log
can be maintained at the investigation site that identifies everyone who has been pre
screened for potential enrolment in the clinical investigation.

Source documents

Source documents shall beeated and maintained by the investigation site team throughout
the clinical investigation. The type and location of these source documents shall be

documented.

Additional members of the investigation site team

New members of the investigation site teamay be added from time to time at new or
existing sites. New personnel should only start their assignment after receiving adequate
training in the clinical investigation requirements and this training shall be documented. The
names, initials, signaturegjrctions, and designated authorisationsae# personnel shall

be documentedC approval of new members of the investigation site team can be required
before commencement of their responsibilities, in addition to internal site documentation of

theseresponsibilities and new member training.

Subject privacy and confidentiality of data
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Confidentiality of data shall be observed by all parties involved at all times throughout the
clinical investigation. All data shall be secured against unauthorizedsacce

The privacy of each subject and confidentiality of his/her information shall be preserved in
reports and when publishing any data. The principal investigator or investigation site shall
provide direct access to source data during and after the cimreatigation for monitoring,
audits, EC review and regulatory authority inspections. As required, the principal
investigator or investigation site shall obtain permission for direct access to source
documents from the subject, hospital administration segllatory authorities before

starting the clinical investigation.

Document and data control
Traceability of documents and data

All documents and data shall be produced and maintained in a way that ensures reliability,
integrity, control and traceability. All documents, and subsequent versions, related to a
clinical investigation shall be identifiable, traceable and appropriatetgdsto provide a
complete history of the clinical investigation. Where relevant, the accuracy of translations
shall be guaranteed and documented. The investigator shall ensure the accuracy, attribution,
completeness, legibility and timeliness of the dafaorted to the sponsor on the CRFs and

in all required reports. All copies of the retained original source documents shall be certified,
as indicated by a dated signature by a member of the investigation site team unless generated
through a validated poess. Special requirements should be applied to the capture, review
and retention of electronic source data, to ensure reliabdjility, integrity and
traceability

If assignment to a treatment group is blinded/masked in any way, it shall be safdguarde
throughout the clinical investigation, including data entry and processing. Written

procedures for decoding blinded/masked clinical investigations shall be followed.
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Recording of data

The data reported on the CRFs shall be derived from source documeriis aonsistent

with these source documents, and any discrepancies shall be explained in writing. The CIP
shall specify which data can be recorded directly in the CRFs. The acceptance of direct entry
of source data into the CRFs can be subject to a hfisgpecific documentation
requirementsData that can be directly recorded in the CRFs can also be documented in the
monitoring plan. The CRFs shall be signed and dated by the principal investigator or his/her
authorized designee(s). Any change or cadivedo data reported on a CRF shall be dated,
initialed and explained if necessary, and shall not obscure the original entry (i.e., an audit
trail shall be maintained); this applies to both written and electronic changes or corrections.
The sponsor shall:

(a) provide guidance to the principal investigators or his/her authorized designee on making
such corrections; the sponsor shall have written procedures to ensure that changes or
corrections in CRFs are documented, are necessary, are legible and troaedbdee
endorsed by the principal investigator or his/her authorized designee; records of the changes
and corrections shall be maintained,

(b) ensure that it is possible to compare the original data and observations with the processed
data, if data are@ansformed during processing;

(c) use an unambiguous subject identification code that allows identification of all the data
reported for each subject. The link between the code and each subject shall be retained by
the principal investigator in a securebion.

Electronic clinical data systems

Validation of electronic clinical data systems is necessary in order to evaluate the
authenticity, accuracy, reliability, and consistent intended performance of the data system
from design until decommissioning dig systemor transition to a new systerihese

requirements arapplicable to any electronic records;luding electronic CRFs, electronic
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systems used for entering and processing data from paper CRFs received from sites and other
electronic systems reqei in the clinical investigation.

When electronic clinical databases or electronic clinical data systems are used, written
procedures shall be implemented to

(a) describe system validation and functionality testing, data collection and handling, system
maintenance, system security measures, change control, data backup, recovery, contingency
planning, and decommissioning,

(b) establish and document requirements for the electronic clinical data system to receive
and process data,

(c) verify and validate thiahe requirements for the electronic clinical data system can be
consistently met,

(d) ensure attributability, completeness, reliability, consistency, and logic of the data entered,
(e) ensure accuracy of reports,

(f) ensure that data changes are docuatkand that there is no deletion of entered data, i.e.
maintain an audit trail, data trail and edit trail,

(g) maintain a security system that prevents unauthorized access to the data, both internally
and externally,

(h) maintain a list of individuals whaave access to the electronic data system as well as the
dates of access, privileges granted to each user and removal of access,

(i) ensure the accuracy and completeness of the data reported to the sponsor in the CRFs by
implementing a signature by themeipal investigator or authorized designee,

() maintain adequate backup, retention and retrievability of the data,

(k) train users on the use of the system, and

() safeguard the blinding, if any (e.g. maintain blinding during data entry, and processing).

Investigational device accountability
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Access to investigational devices shall be controlled and the investigational devices shall be
used only in the clinical investigation and according to the CIP.

The sponsor shall keep records to document the physication of all investigational
devices from shipment of investigational devices to the investigation sites until return or
disposal. The sponsor shall have instructions in place and make packaging materials
available, if applicable, for the safe retunndisposal of investigational devices, including
potentially hazardous devices. The principal investigator or an authorized designee shall
keep records documenting the following:

(a) name(s) of person(s) who received, used, returned, or disposed ofitiee dev

(b) the date of receipt, identification, and quantity of each investigational device (batch
number/serial number or unique code);

(c) the expiry date, if applicable;

(d) the date or dates of use;

(e) subject identification;

(H date on which the invéigational device was returned/explanted from subject, if
applicable;

(g) the date of return of unused, expired, or malfunctioning investigational devices, if
applicable;

(h) the date and documentation of disposal of the investigational devices asrpetiomst

of the sponsor, if applicable.

Written procedures shall be established for the entire process of device accountability.

Accounting for subjects

All subjects enrolled in the clinical investigation (including those withdrawn from the

clinical invegigation or lost to followup) shall be accounted for and documented.
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If a subject discontinues participation in the clinical investigation, the reason(s) shall be
recorded. The investigator can use existing data and ask for the subject's permisdiect to col
follow-up data about his/her status/condition including information about device clinical
performance, effectiveness or safety. If permission is obtained, the relevant data shall be
included in the clinical investigation report. The collection of delup data from

discontinued subjects can be subject to national regulations.

Auditing

Audits of the clinical investigation may be conducted to evaluate compliance with the CIP,
written procedures, this document and @pglicable regulatory requiremeniese audits

may cover all involved parties, systems, processes, and facilities, and are independent of,
and separate from quality control functions or routine monitoring.

An audit can be used

(a) as a routine part of the sponsor's quality assurance,

(b) to assess the effectiveness of the monitoring activity,

(c) whenever there are serious or repeated CIP deviations or suspicion of fraud,

(d) to bring an investigation site into "inspection readiness” (i.e. to prepare the investigation
site for a potentialegulatory inspection),

(e) when requested or suggested by a regulatory authority.

The auditors shall be qualified by training and experience to conduct audits and shall be
independent of the clinical investigation.

The auditing of clinical investigatiorsystems and processes shall be conducted in
accordance with written procedures or specific plan on what to audit, how to audit, the
frequency of audits, and the form and content of audit reports and audit certificates.

The audit plan or procedures for anatal investigation audit shall be guided by the

importance of the clinical investigation, the number of subjects in the clinical investigation,
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the type and complexity of the clinical investigation, the level of risk to the subjects and any
identified poblem(s).
The audit results shall be documented and communicated to relevant parties. If applicable,

an audit certificate shall be kept in the sponsor files.
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3.4 Clinical investigation plan (CIP)
The content of a CIP and any subsequent amendmentsnstadle all the topics together

with a justification for each topic if this is not setkplanatory.

Identification of the clinical investigation plan

(a) Title of the clinical investigation.

(b) Reference number identifying the specific clinical invedian, if any.

(c) Version or date of the CIP.

(d) Summary of the revision history in the case of amendments.

(e) Version/issue number and reference number, if any, with the page number and the total
number of pages on each page of the CIP.

(f) Abbreviations and acronyms.

Sponsors

Name and address of the sponsor of the clinical investigation and information about funding
source.

Certain national or regional regulations can require that if the sponsor is not resident in the
country (countries) irwhich the clinical investigation is to be carried out, the name and
address of a local representative who acts as the sponsor fulfilling responsibilities of the

sponsor in that country (those countries) are provided.

Principal investigator, coordinating investigator and investigation site(s)

(a) Name, address, contact details and professional position of
1) principal investigator(s),

2) coordinating investigator, if appointed.
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(b) Name and address of the investigation site(s) in which the clinical gatst will be
conducted.

(c) Name(s) and address(es) of external organizations (such as core laboratories, CROs,
consultants or other contractors) involved in the clinical investigation.

The different roles, responsibilities and qualifications of investigators shall be specified.

The sponsor shall maintain an updated list of principal investigators and investigation sites.

This list can be kept separately from the CIP. The definitivestiatl be provided with the

clinical investigation report

Overall synopsis of the clinical investigation

A summary or overview of the clinical investigation shall include all the relevant information
regarding the clinical investigation design suchrasusion/exclusion criteria, number of
subjects, duration of the clinical investigation, folloyy, objective(s) and endpoint(#)can

be useful to include a flow chart showing the key stages of the clinical investigation or any

other information thatan be of value for the conduct of the clinical investigation.

Identification and description of the investigational device

(a) Summary description of the investigational device.

(b) Details concerning the manufacturer of the investigational device.

(c) Name or number of the model/type, including software version and accessories, if any,
to permit full identification.

(d) Description as to how traceability shall be achieved during and after the clinical
investigation, for example, by assignment of lot nurepé&atch numbers, or serial
numbers.

(e) Intended purpose of the investigational device in the proposed clinical investigation.

() The populations and indications for which the investigational device is intended.
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(9) Description of the investigationaldee, including any materials, that will be in contact
with tissues or body fluids. This shall include details of any medicinal substances, human
or animal tissues or their derivatives, or other biologically active substances and
reference to compliance thiapplicable national regulations.

(h) Summary of the necessary training and experience needed to use the investigational
device based on risk assessment.

(i) Description of the specific medical or surgical procedures involved in the use of the
investigaional device.

() References to the IB and IFU.

The above information shall also be provided as faawaslable for the comparator, if

applicable.

Justification for the design of the clinical investigation

Justification for the design of the clinical mstigation, which shall be based on the

conclusions of the clinical evaluatiamdshall comprise

(a) an evaluation of the results of the relevantdtirecal testing/assessment and prior
clinical investigations, if applicable carried out to justify trse wf the investigational
device in human subjects,

(b) an evaluation of clinical data that are relevant to the proposed clinical investigation,

(c) a description of the clinical development stage fseex |), if appropriate.

Benefits and risks of theinvestigational device, clinical procedure, and clinical
investigation

(a) Anticipated clinical benefits.
(b) Anticipated adverse device effects.

(c) Risks associated with participation in the clinical investigation.
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(d) Possible interactions with concdemt medical treatments as considered under the risk
analysis.
(e) Steps that will be taken to control or mitigate the risks.

() Rationale for benefitisk ratio.

Objectives and hypotheses of the clinical investigation

(a) The purpose of the clinical iestigation, claims for clinical performance, effectiveness
or safety of the investigational device that are to be verified.

(b) Objectives, primary and secondary, described as 'superiority-infesiority’, or
‘equivalence’, if applicable.

(c) Scientift justification and clinical relevance for effect sizes,-idBriority margins or
equivalence limits, where applicable.

(d) Primary and secondary hypotheses, if applicable.

(e) Risks and anticipated adverse device effects that are to be assessed.

The obgctive(s) shall serve the purpose of the clinical investigation and shall relate to the

hypotheses (where applicable) and corresponding endpoints relevant to the target

population. The objectives of the clinical investigation shall translate directlyhatpre

specification and operationalisation of the primary endpoint(s). Claims shall be linked to

eligibility criteria for subject and users.

Design of the clinical investigation
General

(a) Description of the design type of clinical investigation to be performed (e.g. randomized,
blinded or opedabel, parallel groups or crossover, multicenter, international) the

control group, (e.g. comparative claim and reversible treatment of a cistatef and
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the comparator with rationale and justification for the choice. Absence of control(s) shall
be justified.

(b) Description of the measures to be taken to minimize or avoid bias, such as randomization,
concealment of allocation, blinding/maskiagd management of potential confounding
factors.

(c) Primary and secondary endpoints, with rationale for their selection and measurement. If
applicable, composite endpoints, with rationale for their selection and measurement. The
primary endpoint shall bappropriate for the investigational device and should be
clinically relevant. Composite endpoint is a{speecified combination of more than one
endpoint and can be used cautiously by including only components that have relatively
equal clinical importares frequency, and anticipated response to the presumed
mechanism of action.

(d) Methods and timing for assessing, recording,aralyzingvariables.

(e) Equipment to be used for assessing the clinical investigation variables and arrangements
for monitorng maintenance and calibration.

() Any procedures for the replacement of subjects (generally, not applicable to randomized
clinical investigations).

(9) Investigation sites: number, location, and, if appropriate, differences in investigation site
environnent.

(h) Definition of completion of the clinical investigation.

Investigational device(s) and comparator(s)

(a) Description of the exposure to the investigational device(s) or comparator(s), if used.

(b) List of any other medical device or medicatiobeéauised during the clinical investigation
if not already specified in the instructions for use.

(c) Number of investigational devices to be used, together with a justification.

Subjects
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(a) Inclusion criteria for subject selection.
(b) Exclusion criteriadr subject selection.
(c) Criteria and procedures for subject withdrawal or lost to folipw
1) when and how to withdraw a subject from the clinical investigation or stop the use of
the investigational device,
2) documentation of efforts to be made taé&aubjects that are lost to follayp and
possible reasons,
3) whether and how subjects are to be replaced.
(d) Point of enrolment.
(e) Point of randomization, if applicable.
(f) Total expected duration of the clinical investigation.
(g) Expected duratioaf each subject's participation.
(h) Number of subjects required to be included in the clinical investigation, and where
needed, anticipated distribution of enrolment among the participating investigation sites.
(i) Estimated time needed to select thisntwer (i.e. enrolment period).
(j) Relationship of investigation population to target population.
(k) Information on vulnerable, pregnant, and breastfeeding population, if applicable.

Procedures

(a) Description of all the clinical investigatioelated proedures that subjects undergo
during the clinical investigation including any deviation from normal clinical practice.

(b) Description of those activities performed by sponsor representatives (excluding
monitoring).

(c) Any known or foreseeable factors that can compromise the outcome of the clinical

investigation or the interpretation of results.
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(d) The methods for addressing these factors in the clinical investigation, for example, by
subject selection, clinicahvestigation design, such as stratified randomization, or by
statistical analysis shall be described.

(e) The followup period during the clinical investigation shall permit the demonstration of
clinical performance, effectiveness or safety over a p@fitiche sufficient to represent
a realistic test of the investigational device and allow any risks associated with adverse
device effects to be identified and assessed.

(f) Address what specific medical care is appropriate to be provided for the sufigrdtsea
clinical investigation has been completed, if applicable.

(g) Address recommended follewp for the subjects after the clinical investigation has been
completed.

(h) Address the final disposition or potential future use of samples obtained fiogentsy
if applicable.

Monitoring plan

General outline of the monitoring plan to be followed, including access to source data and
the extent of source data verification planned.

It is possible to provide a detailed plan for monitoring arrangements sépénatethe CIP.

Statistical design and analysis
The description of and justification for statistical design and analysis of the clinical
investigation shall cover the following:
(a) Analysis population (e.g. intentkto-treat, pesprotocol, agreated)and procedures that
take into account all the data.
(b) Descriptive statistics of baseline data, treatments, safety data and where applicable,

primary and secondary endpoints.
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(c) Analytical procedures including measures of precision such as confidesicalst if
applicable.

(d) The significance level and the power of primary endpoint(s) and the overall statistical
testing strategy, if applicablé. a hypothesis is tested, a significance level alpha 0.05
(two-sided) and 0.025 (orsded) and powersetween 0.8 and 1 minus alpha need no
justification. Depending on the characteristics of the investigational medical device or
the clinical investigation, higher or lower levels of significance can be used. Examples
of justifications include but are notiited to: product standards, scientific reasons or
discussion with regulatory authorities.

(e) Sample size calculation and justification taking into account:

1) all relevant clinical data on outcome variable and effect size, if applicable;

2) assumptionsfexpected outcomes across treatment groups, if applicable;

3) adjustments due to any goanned interim analyses, if applicable;

4) detectable effect size and rmimfieriority margin, which shall be smaller than the
detectable effect size and justifiedtvreference to the effect of the comparator, if
applicable;

5) randomization allocation ratio (e.g. 1:1, 1:2), if applicable;

6) expected droput rate, such as withdrawal, lost to folley, death (unless death is
an endpoint).

All the statisticalparameters and methods used to calculate sample size or the non

inferiority margin shall be clearly provided.

For exploratory and observatior@inical investigationsn which the sample size is not

required to be derived by calculation, the scientiftorale for the chosen sample size

shall be provided.
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() The rationale for the number of procedures to be performed by a single user as part of the
learning curve and how these data are tariyzed if applicable.

(g) Pass/fall criteria to be applied the results of the clinical investigation.

(h) The provision for an interim analysis, criteria for the termination of the clinical
investigation on statistical grounds, where applicable.

(i) Management of bias and, when randomization, matching, or byratie applied, plan
for assessment of success thereof.

() Management of potential confounding factors (e.g. adjustment, stratification, or stratified
randomization).

(k) Description of procedures for multiplicity control and adjustment of error protieili
if applicable.

(I) The specification of subgroups for analysis, if applicable, or if response to treatment is
expected to be different in these groups.

(m) Management, justification, and documentation of missing, unused or spurious data,
including dop-outs.

n) Exploratory analysis and sensitivity analysis (e.g. to explore robustness of results of
primary and secondary analysis with respect to different methods used for handling
missing data), if applicable.

(o) Procedures for reporting any deviat®nifom the original statistical analysis plan.

(p) For multicenter clinical investigations, a strategy for handling the potential imbalance of
the numbers of subjects across investigation sites.

(q) A strategy for pooling data, if applicable.

Further or nore specific information can be found in standards for different types of medical

devices or in nationakgulations or guidance documents
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Data management

(a) Methods (e.g. CRF) for data entry and collection.

(b) Procedures used for CRF tracking, daaiew, database cleaning, and issuing and
resolving data queries. Specifically, timely, and reliable processes for recording data and
rectifying errors and omissions, medical coding uniformity, and reconciliation, if
applicable, are necessary to ensuteveey of a quality database and the achievement
of the clinical investigation objectives through the implementation of the planned
analysis.

(c) Procedures for verification, validation, and securing of electronic clinical data systems,
if applicable.

(d) Procedures to maintain and protect subject privacy.

(e) Methods for database locking at the start of the analysis and storage upon completion of
the clinical investigation.

(f) Procedures for data retention.

(g) Specified retention period.

(h) Otheraspects of clinical quality assurance, as appropriate.

Amendments to the CIP

Description of the procedures to amend the CIP.

Deviations from clinical investigation plan

(a) Statement specifying that the investigator is not allowed to deviateHeo@IP
(b) Procedures for recording, reporting, and analyzing CIP deviations.

(c) Notification requirements and time frames.

(d) Corrective and preventive actions and principal investigator disqualification criteria.
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Device accountability
(a) Description of th procedures for the accountability of investigatiai®lices
(b) Procedures and particular materials and instructions for the safe return of investigational

devices, including those that are potentially hazardous.

Statements of compliance

(a) Statemergpecifying that the clinical investigation shall be conducted in accordance with
the ethical principles that have their origin in the Declaration of Helsinki

(b) Statement specifying compliance with this document and any regional or national
regulationsas appropriate.

(c) Statement specifying that the clinical investigation shall not begin until the required
approval/favourable opinion from the EC and regulatory authority have been obtained,
if appropriate.

(d) Statement specifying that any additiorequirements imposed by the EC or regulatory
authority shall be followed, if appropriate.

(e) Statement specifying the type of insurance that shall be provided for subjects, if
appropriate.

(f) Statement addressing the financing of the clinical investigaticluding a description of
the agreement between the sponsor and investigation site(s), and where applicable with

the investigator(s) if not addressed in a separate agreement.

Informed consent process
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(a) Description of the general process for obtgjnimiormed consent, including the process
for providing subjects with new information and process for incentives for subjects, as
needed.

(b) Description of the informed consent process in circumstances thieesebject is unable
to give it

Adverseevents, adverse device effects, and device deficiencies

(a) Definitions of adverse events and adverse device effects.

(b) Definition of device deficiencies.

(c) Definitions of serious adverse events including serious health threat and serious adverse
device effects and, where appropriate, unanticipated serious adverse device effects.

(d) List of nonreportable adverse events, if applicable, including rationale.

(e) Time period in which the principal investigator shall report all adverse events and device
deficiencies to the sponsor and, where appropriate, to ECs and the regulatory authority.

(f) Details of the process for reporting adverse events (date of the adverse event, treatment,
resolution, assessment of both the seriousness and the relationshipvestigational
device and the related procedure).

(g) Details of the process for reporting device deficiencies.

(h) List of foreseeable adverse events and anticipated adverse device effects, together with
their likely incidence, mitigation, or treatment.

(i) Emergency contact details for reporting serious adverse events and serious adverse device
effects.

(j) Information regarding the DMC, if established.

Vulnerable population (if applicable)

(a) Description of the vulnerable population to be includdterclinical investigation.
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(b) Description of the screening process to identify and protect the vulnerable population.
(c) Description of the specific informed consent process.

(d) Description of the EC's specific responsibility.

(e) Description of whatnedical care, if any, will be provided for subjects after the clinical

investigation has been completed.

Suspension or premature termination of the clinical investigation

(a) Criteria and arrangements for suspension or premature termination of the incdé c
investigation or of the clinical investigation at one or more investigation sites.

(b) Criteria for access to and breaking the blinding/masking code in the case of suspension
or premature termination of the clinical investigation, if the clinicalestigation
involves a blinding/masking technique.

(c) Requirements for subject follewp and continued care.

Publication policy

(a) Statement that the clinical investigation will be registered in a publicly accessible
database.

(b) Statement indicatinthat the results of the clinical investigation will be made publicly
available.

(c) Statement indicating the conditions and timeframes under which the results of the clinical
investigation will be offered for publication including the role of the sponscateria

for authorship.

Bibliography

List of bibliographic references pertaining to the clinical investigation.
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4 Technological development and validation of @2EMF medical devicein sport

medicine

4.1 Introduction

As we have seen, articular cartilggemotes movement of the joint and performs a function

of absorbing the mechanical stresses to which the joint is subjected. The structure and
vascularization of cartilage are such that its regenerative capacities are limited and
insufficient to repair damge induced by trauma or the catabolic effects of subsequent
inflammatory reactions to it. The cartilage progressively thins and tears, and the subchondral
bone tissue s progressively exposed untilsteoarthritis or osteochondral damage is
established thlamust be treated by surgical methods. The incidence of cartilage injury is
observed not only following sports injury, but also in 65% of patients undergoing knee
arthroscopy; 300,000 arthroscopic procedures are performed each year in Italy. The severity
and extent of cartilage damage guides the choice of surgical tissue repair treatment.

The most advanced frontier in orthopedics and traumatology is represented by treatment
methods that aim to accelerate tissue healing processes, and to restore theafunctio
properties of damaged tissues, in particular, for those involved in inflammatory and
degenerative diseases, such as joint tissues. Continuous integration between the knowledge
from basic research with orthopedic practice is able to offer great oppeduo solve

major clinical issuesiloran CJ.2010). Modern treatment methods aim at tissue repair and
regeneration techniques, promoting strong anabolic tissue activity. Currently, the advanced
surgical treatments used in the joint environment congiseweral strategies including
implantation of engineered tissues at the site of the lesion, mesenchymal stem cells,
differentiated cells and growth factors (Getgood A. 2009). However, to datdrieseent
methods have not yielded reproducible successestime and comparable to each other

(Harris JD 2010); in particular, the lonterm clinical results are unsatisfactory, since in
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many cases fibrous tissue formation occurs, with lower mechanical properties and limited
durablity (Pelttari K. 2009). Inaddition, it often happens that patients continue to experience

a persistence of symptoms over time, such as pain ofarttcallar effusionBrun P. 2008).
Theseobservations underline the need to improve the quality of regenerated tissue; however,
current treatments are not yet able to control, slow down or inhibit the degeneration of joint
tissues, in particular cartilage. International literature shows how great the variability of the
results of these modern treatment method#lesr{s JD 2010). Thesuccess or failure of
tissue repair surgery is strictly dependent on the type of implant, the manual skills required
for the placement of the engineered tissue and the quality of the joint environment in which
it is placed. Surgical treatments, althougmimally invasive, such as arthroscopy, still
cause local damage that generates an inflammatory reaction of variable magnitude but
difficult to control over time and that can alter cellular homeostasis. The degeneration
process of the cartilage can be diésm as the alteration of two opposing metabolic
activities that, under physiological conditions, such as dynamic stress, are in balance with
each other: on one side a catabolic function which tends to damage cartilage tissue, on the
other anabolic funabn which maintains and protects cartilage. Due to its poor restorative
capacity, it is of fundamental importance to keep all articular cartilage intact, in all its
components, cells and extracellular matrix, also involving the subchondral bone through the
stimulation of the functional activities of the chondrocytes and the inhibition of
inflammatory damage caused by inflammation.

Inflammation represents a serious harm for joint tissues, cartilage, ligaments, meniscus, and
must be controlled in the shortéishe and in the most effective and complete way.

The presence of prmflammatory cytokines, interleukifibeta [L-1 pand tumour necrosis
factoralpha TNF-U) in the joint environment stimulates the activity of metalloproteinases,

the release of prostaglandins E2 (PGE?2) and therefore the inhibition of the synthesis of the

59



extracellular matrix as well as its destruction, strongly orienting the repair actiofties
cartilage tissue toward the fibrotic tissuguflak F. 2004 Kuettner KE 2005 Ortiz LA.

2007). Theactivity of inflammatory cells and the release of-prflammatory cytokines in

the synovial fluid are responsible for the catabolic effects on thelagar matrix,
subsequentlieading to the loss of its mechanical function (SchuerwegR@QB, Goldring

SR 2004).

It is known, in fact, that on the surface of the joint cartilage, during inflammatory processes,
neutrophils have been detected. Neutragphile cells that stimulate enzymatic activities,
especially those of metalloproteases, which can degrade the cartilage matrix. To prevent the
harmful effect of inflammation on the cartilage, studies have been carried out identifying
new molecules or techmiies capable of controlling such harmful processes. Physiologically,
the human body controls inflammation through the activation of numerous cellular
processes, including the involvementidenosine receptors (ARS), in particulak And A

ARs (Tesch A 2002, Borea PA. 2009). A studynducted in an animal model of septic
osteoarthritis found that a specific agonist of adenosipegdceptors significantly reduces
cartilagedamage, synovial inflammation, and leukocytic infiltration (Cohen SB. 2004,
CohenSB. 2005). However, adenostagonist drugs for A receptors, although considered
chondroprotectors, are not used in clinical settings for possible systemic side effects.

In this regard, the concept of chondroprotection indicates the set of those pilagicat,
physical and surgical treatments, alone or combined, which allow to preserve cartilage
integrity or which aim to limit the damage due to degenerative, pathological and traumatic
processes, and inflammatory reactions.

It is of fundamental importece to develop local treatment methods, which limit and prevent
the degeneration of cartilage tissue. Several approaches have been developed in the last

decades to resolve this disability cause, including tissue engineering, but to date, there is not
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a defnitive procedure that is able to promote a repair tissue with the same mechanical and
functional characteristics of native cartilage, and to obtain its integration into the

subchondral bone.

4.1.1 Clinical background& Current Knowledgen theuse of physicagénerqy

The use of physical energy physical stimulito modulatea particular cell functiorand
ultimatelyto promotetissuehealing has been the subject of extensive research. In Europe,
the relationship between biological systems and electricity detels to the studies of
Galvani and Matteucci, who, as early as the 19th century, had identified the currents of injury
and had intuited its role in repair processes.

Clinical biophysics forms the foundation of a new pharmacglegych uses physical
stimui to treat various diseases in human beings. Clinical biophysics is an interdisciplinary
science which:

1 uses methods and theories from the field of physics to study biological systems

1 studies how notionizing physical stimuli interact with biological sgshs

Underlying the new pharmacology is the need to identify the effects of the physical agents
in terms of how these modulate a particular cell function, which will then form the basis of
its clinical application. The cell membrane has been identified asgattand site of
interaction, through which the physical signal activates a cascade of intracellular events; the
transduction pathways have been seen to differ depending on the smpergy used (Fig.

1). Each timea physical agent is able to modulate a cell activity, the effect observed will be
function-specific, rather than celbr tissuespecific. This allows all conditions which are
positively influenced by the activation or modulation of this cell functidpetéreated with

the same physical agent.

Biophysical stimulation techniques can be used in clinical medicine, either alone, to increase

and promote the repair and anabolic activity in tissue, or in association with drug treatment,
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to strengthen its actiyitand lessen side effectBhe methods for administrating physical

energy to a biological system are known as biophysical stimulation and can be divided into

1 electromagnetic energy applied using coils (pulsed electromagnetic fields, PEMFs)

1 electrical enagy applied directly to the tissue using adhesive electrodes (capacitively
coupled electrical field, CCEF)

1 ultrasound energy applied directly to the tissue in the form of mechanical forces (low

intensity pulsed ultrasound system, LIPUS).
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Figure 1. Schematic representation of the biophysical stimuli targets on the cell surface and

correspondingnetabolicpathways within the cell.

The first useof PEMFwasfor fracture healinggndwas reported in Germany by Kraus and
Lechnerin 1972. In 1977, Bassett and coworkers reported their initial results on the
treatment of nonunions (Bass&@®. 1977). Following these reports, extensive clinical
experience has been gathered in Italy, Belgium, the UK, and the Netherlands. The first
randomzed controlled doubtelind study was conducted intaly on femoral
intertrochanteric osteotomiasimulated withPEMF (Borsalino G 1988) In 1979, the US

FDA approved PEMF as a sadad effective treatment for nonunions of bone. Since then,
the use of PEF stimulation for bone repair has grown both in the United States and in

Europe. In the United States, a sunahowed that 72% of hospitals offer bone repair
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stimulation treatment®or fractures that fail tdneal. Moreover, gubstantial proportion of
Canadian orthopaedic surgeons (45%) currently make use of bone stimulators as part of their
management strategy for at least some tibial shaft fractures (for complicated tibial shaft
fractures); 80% of respondents felt that a ceduw in healing time of six weeks or more,
attributed to a bone stimulator, would dmically important(Busse JW2008.

The American Academy of Orthopedic Surgeons (AAOS) hold a symposium on biophysical
stimulation in the treatment of bone diseased fiom which several manuscripts were
published(Cadossi R2020).Recently, the Italian orthopedic community has teamed up to
create a focus group on the clinical use of electrical stimulaboonly on bone healing but

also on cartilage chondroprotectidn, orthopedics and traumatologyinical indication
(Massari L GIOT 2007). An article was published from the meeting that states that "Therapy
with a medical device for the electrical stilation of osteogenesis and chondoprotection
must ensure:

- the electrical safety of the device;

- biological safety, understood as the absence of side effects;

- the effectiveness of the device in the specific pathology, demonstrated by clinical studies;
- the absence of specific contraindications for the patient who will have to use the medical

device."
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4.1.2 PEMF Medical device for chondroprotection

A PEMF medical device for chondroprotection and free of side effects already exists on the
market. The medid¢adevice is made by IGEA SpA and patented in Europe antl 8%

The use of PEMF for the treatment of joints must respond to the need to treat articular
cartilage in its total extent and thickness, as well as involving joint structures, e.g. meniscus,
ligaments, synovial membrane, up to the subchondral bone. These problems to date have
been solved exclusively with the use of specific parameters of PERIEd [-ONE®
therapy- the medical device developed BYEA SpA) as well demonstrated by the CRES
(Cartilage Repair and Electromagnetic Stimulation) study group through extensive
translational research on the chondroprotective effect of PEMF stimulation (MasHgS._..
2007). The experimental and clinical evidence from the CRES study group indztes t
ONE® therapyis able to inhibit the inflammatory response quickly and effectively, to
prevent and / or slow down the degenerative phenomena that accompany surgery. In clinical
use, we can positidrRONE® both in the context of the prevention of dadie degeneration,

as a conservative treatment, and in promoting the reparative processes of single or multiple
focal cartilage lesions, as a p@asirgical treatment. A correct diagnosis and a precise
indication for biophysical treatment are the preretgifor a good clinical outcomé&he

need for resolutive technologies to obtain "more effectiadilagetissue substitutes has led

the "Functional Tissue Engineering" (FTE) paradigm, whose principles are outlined in a so
called FTE road map. Reseanmdsults and available clinical studies suggest H@RNE®

therapy can play a fundamental role in the success of tisegeneration and tissue
engineering (Fini M2013).

In 2002, Varani et al. observed a significant increase in binding of adenogirattenosine

receptor subtype A in human neutrophils exposed t®©NE® therapyp < 0.05)(Varani
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K 2002) Doseresponse studies demonstrated that the effect was detectable after thirty
minutes of exposure and saturatiornihe receptors was achievedhvi-ONE® therapyThe

effect on adenosine binding with tAea adenosine receptor was later confirmed in cultures

of isolated fibroblastike bovine and human synoviocytes and chondrocytes by the same
group.

(MassariL. 2019) Extensive in vitro data reported in literature shows the effecONE®

therapy on articular cells. In bovine chondrocydad synoviocytesgngaro A.2012, Aoa

and A adenosine receptors, endogenous modulator of many biological processes such as
inflammation, increased in number in the presenceQYE® therapy, reducing the release

of PGE, IL-6, IL-8 and COX2, a result which suggests a reduction in the inflammator
state and in the degradation of cartilage associated with articular diseases. Human
synoviocytes treated withONE® therapy reveal a significant increase ipn And A
adenosine receptors, as demonstrated by the mRNA, Western blotting analysis atidrsatur
binding experiments involving ARs, as well as a significant increase in the releasg®f IL

a known antinflammatory cytokingVarani K.20082017). TheA2a and Ag receptors exert

their antiinflammatory action by inhibiting the N& Bt r a n faator pathway, which

plays a central role in regulating the synthesis and activities of the inflammatory cytokines.
Stimulation withI-ONE® therapyfurther inhibits the activation of NB B and 1 S e s sSe
for regulating the synthesis and activation of the-ipflammatory cytokines, including
TNFFU antib,) Land al so of ot her medi ators 1 nvgc
diseasegOngaro A. 2011 I-ONE® therapy habeen shown to affect the increase of human
articular chondrocyteproliferation, based on exposure time, intensity and frequébey

Mattei M. 2007, Veronesi F. 2014 It should be stressed that the effect-QINE® therapy

on proteogycan synthesis in human cartilage explants is comparable in all senses to that

induced by growth factor IGF, the principalcartilage anabolic factor (De Mattei M. 2004).
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While the presenceof HLb i nhi bi t s t he synt hed-ONE®O f pro
therapycan curb the catabolic effect of the cytokine, increasing proteoglycan synthesis even
under inflammatory condition®e Mattei M.2003) It is interesting to observe that these

results regarding the antiffammatory role ofl-ONE® therapyare also confirmed in the

stem cell culture¢Ongaro A.2015). These results demonstrate the -amlammatory role

of I-ONE® therapy in chondrocytes and cartilage explants. The authors conclude that |
ONE® therapy plays an important role as preventiortrtreat against the progression of

initial osteoarthritis, exerting a strong aimtflammatory and chondroprotective effect.

Studies based dn vitro andex vivoresults have been performed on large and small animal
models to evaluate the effectleONE® therapyin preventing osteoarthrosic degeneration

and in the repair of tissue damage, as an adjunct to tissue engineering methods. In Dunkin
Hartley guinea pigs treatment witkONE® therapywas demonstrated as being capable of

halting the progression of @®arthrosis, of limiting cartilage surface clefts and fibrillation,

of preserving cartilage thickness and of preventing sclerosis of the subchondréFibone

M. 20052008) These results are consistent with those of other authors, who have
demonstrated anincreasein MBA. s ynt hesi s andU asny nitnhheishiist i(ov
clear anabolic and trophic effect on the articular cartilage) in the animals treated using
PEMF. Autologous osteochondral autografts were performed in adult sheep, resulting in a
significantly better osteointegration of the graft and a lesser formation dfleysesorption

areas in thd-ONE® therapygroup (Benazzo F. JOR008) The synovial liquidin the

stimulated animals contained significantly lower levels of proinflammatory cytokingstlL

and TNFU and a higher ®dncemipraateidon oo ft ReGRint r
ONE® therapy hagroved effective in rabbits with osteochondral lesiomgmicantly

improving the quality of the regenerated tissue in the osteochondral defects in the presence

of collagen scaffold and bone marrow concentfdezonesi F. 2015)n adult canine model,
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engineered osteochondral constructs were cultured to ityatund implanted into focal
defects created in the stifle (knee) jdiBtefaniRM. 2020. To assess expedited early repair,
animals were assessed after-a@nth recovery period, with microfracture repairs serving

as an additional clinical controONE® therapyleadsto a greater likelihood of normal
chondrocyte and proteoglycan histological scores in engineered constructs. The studies
provided evidence thatONE® therapy stimulation enhanced engineered cartilage growth
and repair, demonstratingoatential lowcost, lowrisk, noninvasive treatment modality for
expediting early cartilage repair.

The antiinflammatory activity ofl-ONE® therapyeffectively prevented the degenerative
effect of IL-1 b, significantly i mproving ca+til ag:
stimulated lesions, thus explaining the atggenerative, reparative and ainflammatory

effects of treatment withONE® therapyin in vivo models also.

Together, these findings show thaDNE® therapyhas anA>a adenosine receptor agonist
activity, thereby identifying thé»a adenosine receptor as the pharmacological molecular
target of therapeutic intervention wikONE® therapyin patients with inflammatory joint
diseases.

In orthopaedicsZorzi et al. conducted a randomized prospective and ddulibie study in
patients with cartilage degeneration and knee pain symptoms treated with microfractures in
combination vith I-ONE® therapy(Zorzi C. 2007) Patients with Grade | to IV cartilage
lesions according to the Outerbridge classification were included in the study. Patients
performedl-ONE® therapyfor 6 hours a day for 90 days. In the first month after surgery,
the percentage of patients using Non Steroidal Antilnflammatory Drugs (NSAIDs) was 26%
in the active group and 75% in the control group (p=0.015). The KOOS (Knee Osteoarthritis
Outcome Scorglinical evaluation showed higher values (better joint function) in the active

group at both 45 days (73.6 + 10.3 vs. 70.3 £ 14.9, ns) and 90 days (83.6 £ 7.3 vs. 74.7
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13.6, p < 0.05) from surgery. At 4fays, patients in the active group already shaaviedel

of functional recovery that patients in the placebo group would show at 90 days;
demonstrating a halving of recovery time. Ayé&ars follow up the number of patients
showing functional limitation of the knee joint was significantly higher inctih@rol group
compared to the active group (87.5% vs. 37.5%).

Similar results were also found in a group of patients undergoing autologous chondrocytes
transplantation in the presence of scaffolds (MACI) and treated WMINE® therapy
(Collarile M. 2018. At the baseline the two groups were perfectly comparable for clinical
scores and cartilage injury characteristics. The International Kbeeumentation
Committee (IKDC)score showed a significant improvement in the treated group compared
to the control atl (p=0.01), 2 (p=0.041) and 60 (p=0.001) months foligw In addition,

there was a statistically significant difference between the groupmanth (p=0.023) and
60-month for SF36 (p=0.006) and at 60 months for EuroQol (p=0.020). A significant
reducton in pain was observed in the treatment group compared to the control at 1 (p=0.018),
2 (p=0.043) and 60 (p=0.011) months of folloyw.

In a clinical trial on patients with osteochondral lesions of the talus, treated by graft
transplantation with the addition of bone marrow concentrate (BMDC) in a single operating
session (ONESTEP Method), Cadossi et al. showed less pain in the expegingeotp at

2, 6 and 12 months followp and significantly higher functional results in the group- of
ONE® therapypatients compared to the contr@&adossi M2014).

Early rehabilitation with less pain can certainly lead to a better clinical outcomeafgea

long time. Clinical results from all studies show that the cartilage regeneration and/or repair
method associated withONE® therapyis an effective solution for the treatment of
chondral and osteochondral lesions of the joint in the field gérrerative medicine and

tissue engineering.
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A clinical experience conducted on patients with initial osteoarthritic degeneration of the
knee, treated nesurgically but conservatively withtONE® therapy showed significantly

better results in the stimuéd group compared to the contrg@ € 0.05)(Gobbi A.2012

Moretti L. 202)). No adverse reactions or side effects were observed following treatment
with I-ONE® therapy Vicenti et al. showed thatONE therapy is a valid option in the
conservative managemt of several knee joint diseases, including early OA, patellofemoral
pain syndrome and SONg/icenti G.2018) Vigano et al. in a recent review confirm that
[-ONE® therapy is safe and effective treatmfentthe control of knee OAelated pain and
disability at short ternfVigano M. 2021)

Baker states that 19.8% of patients who have undergone total knee replacement (TKA)
experience pain 1 year afteurgery (Baker PN. 2012Beswick et al. reports that ma
patients (1€84%) continue to experience significant pain and functional limitation after
TKA even after 3 years. The inflammatory response is mainly due to the presence of pro
inflammatory cytokines in the synovium; in fact, it has been shown tbed th an inverse
relationship between the amount of fdammatory cytokine IL6 in the joint and the
patient's functional recovery.

Two randomized controlled trials, performed in two highly specialized Italian centers for
TKA, have in fact confirmed th observationMoretti B. 2012; Adravanti P2014. The
purpose of the two studies was to evaluate whether the UsBNE® therapyduring the
rehabilitation phase of the patients had an effect on the reduction of pain, joint swelling and
on functional recovery times. The studies were conducted with the same experimental
scheme and usingONE® therapy4 hours / day for 60 days. Patierassigned to the
experimental group began treatment VABNE® therapywithin 7 days of surgery, in order

to intervene in the early stages of the inflammatory process. No patient treateOMHE®

therapyhas shown adverse events arising from thecgewuch as redness or skin irritation,
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confirming what has already been reported about the maximum tolerability of this treatment.
Both studies reported that painful symptoms appeared significantly reduced from the first
postoperative month compared teetpreoperative value in both groups of patients (treated
and untreated); however, the usd-@NE® therapymade it possible to obtain a reduction

In postoperative pain symptoms more quickly and above all with significantly lower values
compared to pants undergoing only the standard rehabilitation protocol, at all evaluation
times starting already from the first month. The same observation was found for swelling: in
both studies the patients of th/ONE® therapyshowed significantly less swollen krsee
compared to the control group in the first two months after surgery, while subsequently (6
and 12 months) the results were comparable.

These observations also correlate with a significantly higher score of KSS (Knee Society
Score) in terms of functionaécovery in the longer term. The study from Adravanti et al.,
which includes an evaluation 36 months after surgery, showed that at thisdiimenly

7% of the patients included in the® NE® therapygroup still complained of persistent pain

that requird use of antinflammatory drugs, compared to 33% of patients in the control
group. Furthermore, no patient of th®©NE® therapygroup declared the need, even if
occasional, for walking aids, compared to about 20% of the control group. Studies on TKA
indicate how the clinical result and ultimately the patient's quality of life, in the short and
long term, can be improved with the adoption of a therapy for local control of the joint
inflammatory environment, in particular by reducing time and amplitude hef t
inflammatory response following the prosthetic intervention.

The Reverse Total Shoulder Arthroplasty (rTSA) has in recent years increased in popularity
as a treatment option for patients suffering from numerous diseases affecting the
glenohumeral jointfirst of all the "cuff tear arthropathy” (CTA)a Verde L.2019. The

definition of "cuff tear arthropathy” is a particular condition which has as primum movens a
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massive lesion of the rotator cuff of the shoulder and which progressively leads to the
development of an eccentric glenohumeral arthrosis. Clinically, the functionality of the
shoulder is considerably reduced, resulting in a "pseudoparalytic should#ér® imost
advanced cases. An early rehabilitation is one of the fundamental elements for an optimal
postsurgical recovery. The operation can be burdened by an important rate of postoperative
pain, which can compromise the execution of a physiotherapygmognd consequently
determining results lower than desirable or slow down their achievement. The application of
I-ONE® therapyhas been studied both for conservative treatment and fespagtal pain

relief by numerous authors. Recently, a prospeceavelomized study was conducted by
recruiting 50 candidate patients for rTSA. Patients were randomized, allocating an equal
number in the experimental group and in the control group. Patients in the study group were
instructed on the correct use leONE® therapy which was applied 4 hours a day for 60
days. All patients underwent the same rehabilitation protocol. The two groups were
homogeneous in the preoperative period for demographic and pathological characteristics.
In the followups at 1, 2 and 3 monthfter surgery the Constant score, VAS scale, range of
motion and the percentage of joint function of the shoulder compared to the contralateral
reached significantly higher values in the patients of the study group compared to the control
group (p < 0.05)No patients in either group reported postoperative complications. At the
last postoperative followp (6 months), the clinical and functional results improved further

in both groups, which however did not show a statistically significant differencesdietw
them.

The results of this study showed that the application-©ONE® therapyafter reverse
shoulder replacement surgery represents a safe option, capable of reducing postoperative

pain and increasing the articular function of the shoulder in the tetort
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Recently, a prospective randomized controlled trial (RCT) was performed in which 72
patients undergoing medial UKA were randomized into a control group or an experimental
I-ONE® therapygroup (D'Ambrosi R.2022) The patients allocated to tlepermental

group were instructed to us€@ONE® therapyfor 4 hours per day for 60 days. They were
evaluated before surgery and then during the time points corresponding to 1, 2, 6, 12, and 36
months after the surgery. The VAS decreased on felipwisits in mth groups, although a
statistically significant difference between the groups was observed during the 6 (p=0.0297),
12 (p=0.0003), and 3Bonth (p=0.0333) followups in favor of thé-ONE® therapygroup.

One month after UKA, the percentages of patienisgusiISAIDs in thel-ONE® therapy

and control group were 71% and 92%, respectively (p=0.0320). At the two months point,
15% of the patients iIrONE® therapygroup used NSAIDs compared to 39% in the control
group (p=0.0317). The objective knee girth evatratshowed a statistically significant
difference at 6 (p=0.0204), 12 (p=0.0005), and 36 (p=0.0005) months with improved values
observed in thel-ONE® therapygroup. The subjective assessment of the swelling
demonstrated a statistically significant difiece at 2 (p=0.0073), 6 (p=0.0006), 12
(p=0.0001), and 36 (p=0.0011) months with better values noted ihr@GMNE® therapy
group. Lastly, the OKS result was significantly higher in the experimental group during all
the followrups (Imth: p=0.0295; 2mths: p8012; 6mths: p=0.0001; 12mths: p<0.0001;
36mths: p=0.0061).

The use of-ONE® therapyeads to significant pain relief, better clinical improvement, and
lower NSAIDs consumption after medial UKA when compared to the control group.

The effect of-ONE® therapyhas also been studied in patients suffering from spontaneous
osteonecrosis of the knee (SONK) in the initial ph@darcheggiani M.2013. Twenty

eight patients with symptomatic early phase SONK were enrolled and stimulatetd with

ONE® thergy for at least 6 hours a day for 90 days. Results of the study show significantly
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reduced pain (mean VAS) after 6 months (p < 0.0001), maintained constant after 24 months;
a significant clinical improvement (intervals 0, 6 and 24 months): mean KSS fré@ 34
13.3t0 76.1 + 15.9 (P < 0.0001) and then 72.46 + 13.52 (P = 0.0044); Tegner Median from
1 (range 11) to 3 (range 3) (P < 0.0001) and then unchanged:-&®averaged from 0.32
+0.33100.74 £ 0.23 (P < 0.0001) and then 0.86 £ 0.15 (P = 0.007dlificgigt reduction

in areas of bone edema for femoral lesions (P < 0.005). The reduction of these areas is
strongly correlated to the WORMS (Whealrgan Magnetic Resonance Imaging Score)
grading (P < 0.005). Four failures (2 PMG and 2 PTG) at 2 yeardl@ivfop. Stimulation

with I-ONE® therapywas able to reduce pain, increase knee function and avoid knee
replacement surgery in 85.7% of patients. The treatment\@HE® therapywas effective

in the early stages of SONK in a similar way to what has @yréeen reported for the
femoral head by Massari et #éMassari L.2006 Several clinical experiences report the
success ofl-ONE® therapyin the resorption of edema. The American Academy of
Orthopedic Surgeons awarded and published the study conductibeé lgyoup of prof.
Perugia of La Sapienza in Rome WIHONE® therapyin patients with knee bone edema
(Perugia D. 2015)The authors conclude tHaONE® therapyepresents a valid therapeutic
approach for the resolution of bone marrow edema or thenlgeafi localized cartilage
lesion.

The problem of treating complex regional pain syndrome (CRPS) is as complex as that of
determining the clinical setting of this syndrome for which the control of pain manifestations
is a fundamental point. For this purpose, alongside the pharmacologatatént methods,

it is certainly appropriate to pay attention to biophysical stimulation methods, whose
effectiveness in controlling pain of various kinds is well documented. A recent article shows
how the use oF-ONE® therapyin CRPS is based on tiAea antrinflammatory effect and

the anabolic effects on bone tissue with a dual action on both osteoblasts and
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osteoclastogenes{®agani S. 2017)Control of the inflammatory microenvironment is a
prerequisite for successful treatment. Great efforts areedgledreduce the costs of CRPS

in terms of patients' suffering and disability. Each improvement in treatment therefore
represents a great result. In this sense, the combination of different strategies allows to obtain
synergistic or additive effects both anabolic factors and on the control of the inflammatory
microenvironment. The Tuscany Region and the Society of Hand Surgery (Italy) have
included the use of biophysical stimulation WitONE® therapyin the guidelines for the
treatment of CRPS. Seveadsitive clinical experiences on the usd-GINE® therapyfor

the treatment of CRPS are published in the journal of Hand Surgery Bpi2ili (Borelli
PP.2017)

In a recent study, Notarnicola et al. showed that it seems reasonable to asslHO&E@&L
therapy for CRPS1 should be initiated as soon as possible, in order to act on the
inflammatory component of the conditigNotarnicola A.2021). If I-ONE® therapyand
ESWT are shown to be beneficial, these therapies should be developed as theeretean
methods to reduce pain and other CRP§/mptoms.

Similar results were found after treatment WtONE® therapyin patients with patello
femoral pain, a frequent pathology in sportsmen, especially in women, whose
etiopathogenesis is controversehd can be traced back to various factors, including
malalignment of the joint and dysplasia of the patella or of the femoral trad@#eeaodio
lammarrone C2016. Anterior knee pain, which accompanies this pathology, can become
chronic over time and become highly limiting for sports practi@NE® therapyhas been
shown to be effective in promoting joint function, solving pain symptoms and promoting a

rapid retirn to sporting activity, maintaining the result at one year.
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The use of HONE® therapy allows to act in a specific and targeted (Mayani K . 2021,

Moretti L. 2023) focusing the effect exclusively on the joint, on the soft tissues, in the
absence aofide effects that are frequently associated with drug therapies.

All the studies analyzed reported no adverse effects, and good patient compliance to the
treatment. Effects on pain management, swelling and local inflammation can have a positive
Impact on @tient satisfaction and can facilitate a faster recovery, allowing a more intense
rehabilitation protocol. In conclusion, the use-@NE® therapy in the early control of joint
inflammation process during the first days after surgery should be consatesdtective
completion of the surgical procedure to improve the patient's functional recovery.
Preclinical research shows that treatment witONIE® therapy is amilegenerative,
helping to control local inflammatory phenomena and supporting cartilpge processes

in the clinical setting.

Clinical trials have been shown thadNE® therapy can therefore be used proactively as i)
postsurgical treatment with the objective of quickly controlling local inflammatory response
due to the surgery and, ovdre long term, to maintain the mechanical and biological
properties of the cartilage or engineered tissue by means of an effective chondroprotective
effect; (ii) postarthroplasty treatment to inhibit the inflammatory processes that affect the
periarticulartissues and to avoid the development of chronic pain and functional limitations;
and (iii) conservative treatment to limit the progression of a degenerative process such as
osteoarthritis that comes with age and is accelerated by inflammatory and/oaticaum
events.

The above overview clearly shows how the studies conductedV@tHE® therapyin

recent years have made the uséONE® therapya significant cultural heritage, based on

solid scientific foundations. This cultural heritage is the resuk édrmidable research
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activity carried out by the Italian orthopedic community, which has been able to address
relevant and highly interdisciplinary scientific questions.

This extensive work carried out in the cartilage field has shown how the biolofjexzke
resulting from the exposure of a tissu¢-ONE® therapyare dependent exclusively on the
physical characteristics of the signal used. The therapeutic effect on cartilage is also linked
to the daily duration of treatment; clinical recommended 4daily.

The preclinicaland clinical evidence demonstrates that the &denosine agonist effect of
I-ONE® therapyis able to inhibit the inflammatory response quickly and effectively, to
prevent and / or slow down the degenerative phenomena occurring at the cartilage surface.
I-ONE® therapyis used to prevent cartilage degeneration and to promote focal cartilage
lesions repairl-ONE® therapys a safe therapeutic treatment that is simple to use, its use is
well accepted by patients, without side effect.

All the studies analyzed reported no serious adverse event or complication, no side effects
and good patient comphae to the treatment. All the studies analyzed confirm safety and
performance of-ONE® therapyAll known and foreseeable risks, and any undesirable side
effects, are minimized and are acceptable, weighed against the evaluated benefits to the
patient anddr user arising from the achieved performance of the device during normal
conditions of use.

The effects ofl-ONE® therapyon chondroprotection, pain relief, functional recovery,
healthrelated quality of life have a positive impact on patient satisiaetia enable faster
recovery.

In conclusion PEMFsI{ONE® therapy could be an innovative physiologic alternative to

the use of adenosine agonists as they can mediate thegymestic agonist effects without

any desensitizatioand downregulatiomnd all the abovstudiesindicate that PEMFsI{
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ONE® therapy could bea very interesting example «foft pharmacology for joint
chondroprotecioifBoreaA 2015).

The challenge now remains open not on ccondroprotection, but on chiegdreration.

77



4.2 Purpose
The present project has the ambition to realize a new medical device delseitigc
parameters dPEMFs for the treatment of inflammatory joint pathologesich cause mild
cartilage damageot to be treated surgicallgndaims todraftingthe documentation for its
validation in the clinical setting. The nawedicaldevicewill be marketed irthe "Sports
Medicine"market for chondrgegeneration, and also as a usual conservative treatment for
"Joint Preservatioh The new medical device Wiltarget a wide range o$ubjects:
professional and amateur sportsinetho present with painful knee symptoms caused by
mild cartilage degeneration.
The implementation othis device would entail a radical breakthrough in the scientific
knowledge shared by the medical community to date, since the possibility of regenerating
articular cartilage has always beggnied(Jakob RP2001)
1 in 1743 John Huntestated i C a rinjuly Is a goablesome thing and once injured
i's seldom repaired. o
T in 1853, Sir James Paget exp heeaedlablieae, si mi |
no instances in which a lost portion of cartilage has been restored or a wounded portion
repairedwith new and welformed permanent cartilage in the human sulgject
Theirreversibility of articular cartilage damage has thus becofdegma’that the medical
community hasieverquestioned in the paftecently new scientific findings challenged the
"dogma": regeneration of articular cartilage and restoration of its function are now
considered achievable goals. The role of synovial cells (synoviocytes, mesenchymal stem
cells residing in the synovium and synovial fluid) and chondrocyte senescence in

maintaining and restoring the integrity of articular cartilage has been recognized.
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Figure2 shows that limited cartilage damage can be repaired by synovial mesenchymal stem
cell activity; more extensive cartilage damage with exposure of subchondral bone tissue also
requires migrationrad contribution of bone marrow cells. These injuries are treated with
arthroscopic treatments: microfractures, engineered tissues with or without autologous cell
transplants.However, arthroscopic procedures are accompanied by an inflammatory
response thatf not controlledcan adversely affect the clinical outcome.

For this goal, pharmacological research has focused on drugs with adenosine agonist action
experimentally active on cartilage regeneration. However, they are not yet available for
clinical usebecause the treatment is associated with significant adverse side effects.

The present project has the ambition to create a new medical device capable of promoting
articular cartilage regeneration when cartilage damage has not yet deepened into cartilage
thickness exposing subchondral bone tissue. My goal finds justification in the latest findings
on the mechanisms that control cartilage regeneration, the cell populations involved, and
more specifically the role that adenosine receptors may play.

Also of particular interest are thim vivo results of research conducted the Istituti
Ortopedici Rizzoli,on the osteoarthritis model in guinea padghe Dunkin Hartley strain

(Fini M. 20052008) PEMF was employed in animals with knee cartilage damage.
Histological analysis showed that in animals with advanced cartilage damage it was still
possible not only to prevent its progression but also to promote regeneration of the cartilage
itself (Figure 3) These results interpreted on the basis of recent insights into the role-of joint
resident synovial cells suggest that biophysical stimulatitn PEMFscan promote the

regeneration of articular cartilage.
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Figure 3. Efficacy of electromagnetic fields the regeneration of articular cartilage

The action ofPEMF on chondrocytes and synoviocytes in the presence of inflammatory
cytokines such asL}1b or TNRU has been studied, and it has been shown that the
chondroprotective effect derives from an inhibitory action on cartilageeced damage by

the inflammatory environment. The new knowledge reported above provides an opportunity
to extend the indication farse ofPEMFto cellular activities capable of exerting an anabolic
action on articular cartilage by promotiitgregeneration and reconstituting its integrity.

This change of perspectigeared toward the development ofeavPEMFdevicewill make

it possibleto extend the target tifeatmento the early stages of articular cartilage suffering,
multiplying the number of subjects who will be able to benefit from the thetapgnbe

used in the context oSport Medicine'by professionahind amateur sportsmen and women
"Sport Medicinéis the medicabrthopedic area with the highest growth rate and the highest
added value. Thus, treatment will not be limited, as mowopnservative goostsurgicalfor

a chondroprotective effecbut can be repeated over time and managed directly by the

sportsman to preserve joint functiand regenerate limited cartilage injury
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The new knowledge developed within thesearchproject will lead to the definition of
clinical indicationsand provwde the solid scientific basis necessary for the adoption of the
newmedicaldevice.

The newmedicaldevice will be adopted by professional athldies alsoby still active
individuals who play noncompetitive sports but have clinical signs of cartilage sufiiering

its early stages (Figure 4).

Cartilage
degeneration

i
Grade |

Grade Il

Chondraegeneratioy
Treatment with the newnedical Surgicatreatment

Figure 4. Cartilage injury classification and area of focus of the new medical device.

\ Chondroprotection

This condition is not only widely prevalent but still lacks an effective treatment proposal. In
this context, aneffective, norinvasive, sideeffectfree and repeatable treatment has
undoubted advantages that will encourage its choice and adoption. The therapeutic effect
and expected technological developments will allow for maintaining the bond with the
sportsman iad foster his loyalty.

Chondropathies, pathologies affecting cartilage, in the sportsman represent a very current
topic of great interest to the orthopedic surgeon, consider that in 90% of athletes in the NBA

(National Basketbalhssociation) cartilage phdems are found during knee MRIs.
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Despite the presence of several treatments (conservative or surgical) available, cartilage
problems in athletesepresenta complex and still partially unresolved question. This is
because, the average increase in age poses problems of wear and tear in subjects too young
to be targeted for joint replacement surgery, and in sportsmen, a cartilage damage can be
repaired, improgd with increasingly refined and evolved surgical techniques, but it can
never reconstitute the original cartilage, damaged by trauma or wear and tear.

These issues and the new scientific knowledge that has recognized the role of mesenchymal
stem cells reiding in the synovium and synovial fluid and chondrocyte senescence in
maintaining and restoring the integrity of articular cartilage, have allowed a focus on the
concept ofJoint Preservation'.

‘Joint Preservationshould beunderstood astherapy thatan prevent and/or delay the onset

of chondral disease, with a view to broadening the spectrum of intervention to a stage where
the joint can still be preserved. Obvioustyearing' the notion that articular cartilage
possesses limited regenerative céyatue to the absence of blood vessels and the reduced
mitogenic potential of chondrocytes will be a challenge. However, through advanced and
innovative preclinical studiesvhich will be carried out iparallel to thepresent project by

the University ofFerrara, Istituto Ortopedico Galeazid Istituto Ortopedico Rizzoli, it

will be possible to provide the scientific community with evidence of the acti®EbfFs

on cartilage regeneration. In particular, preclinical research will focus on studyiefjetic

of PEMFs delivered by prototype devices made in this research projedifferent cell
populations in the joint environment, such as chondrocytes and synovial cells. The effect of
stimulation withPEMFson metabolic activities and intracellulaathways involved in the
processes of proliferation, apoptosis and senescence will be evaluated. In addition, the
production of extracellular mediators will be studied by analysis of secreted molecules (or

secretome) using broapectrum analyses such astppmics and transcriptomics. An
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animal model suitable for the study of cartilage degeneration will be devetepeatiucing

a condition of cartilage suffering. This model will allow the study of the effed®EMFs
delivered with appropriate prototypeedical devices for animal modets) the aspects of
senescence, apoptosis, and inflammation that characterize cartilage degeneration. Overall,
the preclinical research phase of the project will allow the characterization of the effect of
PEMFs on key biogical processes that regulate cartilage degeneration and the
identification of specifi® EMFsignal characteristics that can counteract these processes and
promote cartilage regeneration. The PEMF signal parameters thus identified will be
generated by # new PEMF device, thesubject of this research projeand then
documentatiorwill be preparedfor its use in the clinical setting, accordingttee new
European Medical Device Regulation (MDR), which came into effect on May 26, 2021,
replacing the preeus Medical Device Directive (MDD).

The goal is to realize mew PEMFdelivery medicabevice consisting of a portable signal
generator powered by a rechargeable battery and equipped with a touch screen display. The
study of the usability issues of the product will lead to the identification of the most
appropriate size of display, resistioe capacitive, for the intended use. The use of the
medical devicat homewill involve the study of all the technological solutions necessary to
comply with the specific regulatory requirements provided for these product categjctes

as electrical iaulation, protection from electrostatic discharges, limits on leakage currents,
limits on electromagnetic emissions, and specific requirements relating to the degree of
protection of the casing against the penetration of solid foreign bodies and liquids.

The device will be managed by a statehe-art microcontrolleequipped with an operating
systemwhich will enable efficient and integrated control of all functions.

The applied part of the device will consist of a coppel powered to generate tiREMF.

Issues related to trtudy anddevelopment of different types obils, that should be able to

85



adapt to various anatomical sites and be powered by treatment protocols stored in the
microcontroller's nonvolatile memarywill be addressed. The physicabnstruction
characteristics of theoils will have to make them sufficiently light and moldable to limit as
much as possible potential discomfort during the treatment phase.

The device is planned fandividual use and will be equipped with a biometric sensor that
will be able to recognize the sportsman by reading the fingerpfiné different
technological solutions available will be evaluated both from the point of view of the
technology used for secure fingent acquisition and managememtd thenterfacing with

the microcontroller.

The device will also have the ability to connect in Blueto8lln€tooth Low EnergyBLE)

mode with a smartphone. An application will be developed on the iOS and Android
platforms that the sportsman can download from his or her app store and that will allow for
augmentation of the information provided by the device related to the ongoing therapeutic
course. The mobile application will also contain evaluation forms that will allev
sportsman to perform an anatomical-sipecificclinical selfassessment.

In addition, again through the mobile application, a remote control system of the device will
be implemented, whiglby connecting to the IGEA server, will be able to verify groper
functioning of the device. Finally, the sportsman will be able to use the developed protocols
to schedule treatment witPEMF at different anatomical sites according to the indications
identified during clinical trials.

Applications in the device design phase will not be intended only for the professional
sportsman, or for preventive health purpo3dwy will also be able toteract with other
applications from the systems hosted by the target smartphones, integhatimata
collected and, through the calculation of the "Fitness Index," providing parametric

information to resident applications (such as may be "Health" for i0S). Interaction with

86



information from applications that monitor lifestyle, nutrition, physicéivdty, mindfulness
will be possible, if not directly from other sources, such as could be wearable technologies,
gymnastic workout tools, and bitcoin systems deployed in wellness and fitness centers.
The objectives ofhis research projepursued overtte 3 years of the doctoral program can
be summarized as:
1 Study, preparation and development oprototype devicesfor preclinical research
o Study, design and developmensajnal generator arabil prototypes fom vitro
stimulation.
o Study, design and development sifjnal generator andoil prototypes for
stimulation of animal models.
o Molecular dynamics modeling of PEMFs on preclinical madels
1 Study, preparation and development of the new medical device
o Study of technologicaproblems and possible solutions at the hardware and
software level of the signal genenato
o Design and development of tieal components (hardware, software, amwil
coating materials for different joints) of the device
o Study and definition for the aptization of the communication protocol between
applications, the new device and other applications dedicated to IOT (Internet of
Things) devices
1 Study, preparation and development oflocumentation in clinical settings
o Study and prepation of selfassesment forms.
1 Documentation for clinical studyto be submitted to the ethics committee.

o CIP study and preparation
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4.3 Objectives achieved

4.3.1 Study, preparation and developmenpadtotype devices for preclinical research

Study, design and development of signal generator @md prototypes forin vitro

stimulation.

Stimulation systems capable of generatiREEMF, with peak magnetic field values between

1 and 3 mT, frequency of 75 Hz, and pulse duration of 1.3 ms havedaized.

Given the nature of the project, which aims to optimize the intensity of PEMF to act in the
processes of senescence, apoptosis, and autophagy of the cells that make up joint tissues, it
was decided to observe the response of aeNstro to two different intensities of PEMF:
1.5mT and 2.5mT. This will make it possible to evaluate a-desgonse effect that will

allow the most appropriate signal to be determined for the target patients of the new medical
device.

Two differentcoils were madéor thisin vitro exposure systems:

i) standard doubleoil with 1400 turns pecoil, copper wire diameter equal to 0.2noojl

size 25 x 17 cm, resistance equal to 3@1©hm for exposure at 1.5 mT;

i) double intermediateoil with 1000 turns pecoil, copper wire diameter equal to 0.25 mm,

coil size 19.5 x 13.5 cm, resistance equal to 300 + 24 Ohm for exposure equal to 2.5 mT.
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The magnetic field gradient in the different exposure modes was analyzed by FEM analysis

with COMSOL software (Figurs).

/ ‘frenu)-wu Hz Campo elettromagnetica (mT)
em
12

Figure 5. Modeling of the magnetic field gradient in the 1.5 mT configuration (panel A) and

the 2.5 mT configuration (panel B).

The homogeneity and characteristics of the generBEMF were verified using a
measurement system consisting of a gaussmeter (Lake Shore mod. 425 Gaussmeter) and
corresponding Hall probeeffect (Lake Shore probe mod. HMNAEO4VR). The
corresponding peak amplitude of the induced electrical voltage is detstgaucoil probe,

and the time course of the signal was displayed using a digital oscilloscope (Rohde &

Schwarz HAMEG mod. HMO3054 Bandwidth 500 MHz 4GSa/s).
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Figure 6 shows the peak magnetic field strength and corresponding peak amplitude of

induced electric voltage for the vitro exposure systems at 1.5 mT (panel A) and 2.5 mT
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Figure 6. Peak magnetic field strength and peak amplitude of induced electric voltage for

vitro exposure systems at 1.5 mT (panel A) and 2.5 mT (panel B).
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To ensure the homogeneity BEMFon the cell cultures, plexiglass supports were used to

house the celldtures within the exposure system. In order to rule out thermal effects on the

cell cultures, the temperature inside the plexiglass supports was monitored.

These measurements revealed that withimrtivéro cell culture exposure systems set at 1.5

mT and 2.5 mT and housed in the respective plexiglass holders, a temperature increase of

+0.3° C and +1.5° C occurs, respectively (Fighjxe
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Figure 7. Temperature monitoring withiim vitro exposure systems at 1.5 mT (panel A) and

2.5 mT (panel B).
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For the purpose of controlling the temperature inside ith@itro exposure systems,
plexiglass holders were made to allow air exchange between the inside and outside of the
exposure system and to have a shelf for cell cultures not in direct contachevabils

(Figure8).

Figure 8. Plexiglass supports fam vitro display systems.

Temperature measurement inside the new Plexiglas holders with exposure systems set at 1.5
mT and 2.5 mT revealed a temperature rise of + 0°C and + 0.4°C, respectively @rigure
A temperature increase of + 0.4° C is considered acceptable becaessilyisompensated

by the forced air ventilation and temperature control system inside the cell culture incubator.
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Figure 9. Temperature monitoring within the nénwitro exposure systems at 1.5 mT (panel

A) and 2.5 mT (panel B).
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Therefore, @n vitro exposure system@ set at 1.5 mT and 3 set at 2.5 mT) were set up

(Figure 10), andno temperature changes were detected following the installation of the

exposure systems inside the cell culture incubator.

Figure 10. Example of arin vitro exposuresystem.

The final experimental setp is thus composed as follows:

PEMF 1 (1.5 mT)

1

1. CTRL
2. IL1 B-treated (1ng/ml)

,/ 7 4
A 4 & 4

PEMF 2 (2.5 mT)

1. CTRL

2. IL1 B-treated (1ng/ml)

147 /4
4P (&

Figure 11. Schematic representation of the experimentaliget
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In an effort to optimize the number of treatments/exposur@EMF of the isolated cells

following the setup outlinedabove prototypes were mad®e properly accommodate the

culture systems and expose the cells to unifeEMF (Figure 12)

Figure 12. Prototype realization of the experimentatgpet

After making some prototypes, tH@al model setting for treatment wagdentified.
Specifically, the PEMF treatment will involve exposing the three cell types isolated from
each donor to the tMBEMFs(1.5mT, 2.5mT; 75Hz frequencygontrol cellsnot exposed

to PEMFs,will be represented by the sare| populations maintained under the exact same
conditions except fdPEMFstimulation.PEMF stimulations were performed by housing the
flasks, intended to receive this type of treatment, in the appropriate deagcslsownn

Figure 13. In vitro exposure systems adapted for the housing of cell culture flasks were
studied and implemented in order to enable the recovery of the amounts of culture medium

needed to perform cell secretome analyses. Thus, Moviko exposure systems were set

up.
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Figure 13. Prototype realization of the experimentalgpt

Study, design and development of signal generatorcaiidrototypes for stimulation of

animal models.

Thein vivoexposure system for carrying out the activiielstituto Ortopedico Rizzoli was

also developed. For the vivo exposure, a custoroil of the size equal to the base of the
Guinea Pigs' housing cage was made with the following characteristics: 1300 coils, copper
wire cross section equal to 0.25mm, ageraoil length 80 cnroil size 23 x 17 cm (Figure

14).

95



Figure 14. Example of ann vivoexposure system.
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By means of Hall probe, measurements of the electromagnetic field strength inside the cage
were taken; the measurements showed an average magnetic field strength of 2mT inside the

guinea pig housing cage (Figurs).
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Figure 15. Peak magnetic field strength and peak amplitude of induced electric voltage for

In vivoexposure systems.
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Finally, temperature control was performed inside the cage to ensure tHeewgllof the
guinea pigs during the experiment. Temperatneasurements revealed thaemperature
increase of + 0. occurs inside the cage in the presendeENIF of an average intensity

of 2 mT (Figurel6). This temperature increase is considered acceptable for animal welfare,
as guidelines report a range 4fC for the ideal rodent housing temperature (ambient
temperature between 2@4°C).

Therefore, 15n vivoexposure systems were made and delivered to the Rizzoli Orthopaedic
Institute's enclosure. These display systems will allow the simultatreatmient of at least

12 Guinea Pig guinea pigs.
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Figure 16. Temperature monitoring inside the housing cage in the pres¢éfEMF of 2

mT intensity.
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Molecular dynamics modeling BEMFs on preclinical models

The Aa receptorfor adenosine belongs to the family of G proteaupled receptors also
known as seven transmembrane domains (7TM) recefrecently,by nuclear magnetic
resonance spectroscopy studies targeting the TM5 and TM6 transmembrane domains,
showed that the adesine receptofa is present in two inactive conformational states (S1
and S2) and two active conformational states S3 an@Y83.. 2016) The presence of a
agonistreceptorstabilizes the active conformation S3'. This conformation is able to interact
with and bind G protein and thus activate receptonddiated signal transductign
In order to evaluate whether and how PEMF affects the conformation of the adengsine A
receptory the following molecular dynamics issues were addressed:
1 Identification d the most appropriate molecular model for modeling adenosine receptor
binding;
1 Identification of the effect dPEMFon the adenosing&za receptominding site.
These investigations were carried out in collaboration with the research group directed by
Prof. Liberti of "La Sapienza" University of Rome, taking advantage of the computational
power and software available at the university laboratories. The investifatused on the
action of PEMF on theA2a receptorbinding site: in particular, the effect of the magnetic
field B on the geometric fluctuations of six amino acid residues (Ser67, Glul69, Ala265,
His264, Pro266, Leu267) crucial for the binding procesadaiosine to the receptor was

evaluated by the covariance matrix method.
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Thus, a region was identified, represented by the yellow ellipse in Fifjurthat
approximates the adenosine binding site orAthereceptor Within the observation time of

270ns the magnetic field exerts a significant force on specific amino acid residues.

A B C D

TOP VIEW B=0 B=1T

- SER 67
- GLU 169

~ HIS 284
« PRO 266
+ LEU 267

Figure 17. Effect of PEMF on the adenosine receptor binding sikea receptorfor
adenosine (A); amino acid residues critical for the process of adenosine binding to the
receptor (B); conformation of the adenosine binding sitAgireceptorin the absence (C)

and presence (D) #EMF.

One of the most affected residues is Glud@Bich is important for receptor stabilization
through the formation of a salt bridge with the His264 residue. Preliminary molecular
modeling data suggest that exposure to PEMF is able to change the geometry of the

adenosine binding region at thea recefor.
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The display systems set up for qmlenical research activities allow analbgpe modulation

of the parameters that make up the signal: ampliteidere 6) frequency (Figuré8, panels

A-C) and pulse duration (Figuiss, panels BF).
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Figure 18. Modulation of signal frequency@&), and pulse duration{b).

Regarding the molecular dynamics modeling of the effect of PEMFs on the adenosine

receptor, molecular modeling data suggest fPEMF exposureis able tochange the

geometry of the adenosibending region at théa receptoispecifically identifying 2 states

of the receptor:

i a state with smaller binding site area (which we termed "closed")

i a state with larger binding site area (which we termed "open”) (Figlganels C and

D).
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Using molecular modeling techniques, 10 simulationsAg{ adenosinereceptorwere
performed in the presence and absence of magnetic field (Rigyvanels A and B). These
modelings allow measurement of the time tAak receptorspends in the two different
states. The results show that exposurBEMF results in an increase in the time thah

receptorspends in the open state (FigageC).
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Figure 19. Molecular modeling ofA2a receptorin the absence (A) and presence (B) of

magnetic field. (C) Twestate model of the binding site Afa receptorfor adenosine.
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4.3.2 Study, preparation and developmehthe new medical device

Study of technological problems and possible solutions dighdware and software level

of the signal generator.

A study was performed to identify the most effective technological solutions to the hardware
and software issues of this new medical device for joint cartilage regeneration based on the
principle of PEMFs.

After careful analysis, the specifications to be implemented in the new device were
confirmed: the generator of the new device will be able to deliver up to 5 treatment protocols
and manage 3 differenbils per treatment site.

The signal generator wibe managed by a stabé-the-art microcontroller with ARM
CortexM4 architecture capable of running a reale embedded operating system, will be
powered by a rechargeable lithium battery, and will be equipped with a colorgorgsEn
display.

It will also be equipped with a wireless communication module to connect with modern
smartphongype cell phones.

The wireless connection will allow the device to communicate treatment data to an
application that will be developed-&dc for iOS and Android pladfms.

Through the mobile application, it will be possible to implement a remote control system for
the device, which, through connection to the seo¥¢he company manufacturing the new
medical devicewill be able to check the propé&unctioning of the device andpdate, if
necessary, the treatment protocols according to the indications identified during clinical

experiences.
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This research phase related to the signal generator then focused on the main elements shown

in Figure 20.

oy Biometric
Coil drive
measurement
Graphics processor Display

Figure 20. Functional blocks of the generator of the new device

Bluetooth
communication

Microcontroller

An analysis of the functional blocks is given below:

a) Evaluation of the most suitable microcontroller and graphics processor

Selection of the most suitable microprocessor is critical because the microcontroller is the
control center of the entire device. The focus has been orgaegtation microcontrollers

with ARM CortexM4 architecture because they feature low power consampow cost,

high efficiency, and because they offer advanced digital control performance that makes
them ideal for applications where there is a need to generate digital and analog signals.
Among the various manufacturers of microcontrollers with ARMt&eM4 architecture

(to date, we find chips from Freescale, NXP, ST, Tl and Silicon labs), a model from ST
(STMicroelectronics) and in particular the STM32F429VIT model was selected. Although
the various manufacturers offer the same ARM architecturéntim@mal equipment of each
microcontroller model varies in speed of execution, size of flash memory, RAM memory,
types of peripherals available (ADC converters, DAC converters, digital outputs, RTCs,
timers, counters, PWM outputs, etc.): the ST model viiasen over the others precisely
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because of these features. In addition, ST offers developers a rich set of evaluation boards
for its microcontrollers (called "evaluation boards") along with software development tools
such as the "STM32 Cube MX," which alle one to graphically "draw" the configuration

of the microcontroller's internal peripherals and directly translate that configuration-into C
type source code that can be directly used in the development of the device's firmware.
Another key element of it phase of the research was the selection of a graphics processor
with which to implement the device's graphical user interface ("Graphical User Interface"
GUI). The graphics processor selected was a chip from FTDI mod. FT813, which is an
"Embedded Videdengine" capable of handling a color TFT display with capacitive touch
screen and also offers audio output for acoustic feedback from the device.

b) Choice of display

The characteristics of displays from different manufacturers (Ampire, Mg
Technology,Topovision Technology, and Riverdi) were analyzed, and different sizes were
evaluated, keeping in mind that the ultimate goal is to create a portable device with palm
sized compatible dimensions. Among the various displays analyzed, the Riverdi mod.
RVI43ANTNWCO3 display was chosen for the first prototypes, artB color TFT display

with 480 x 800 resolution, with IPS technology (which allows for a "black” background
when the display is not powered) driven directly by the FT813 graphics processorewith th
24 RGB signal lines. This display also has a capacitive teaaen also driven by the
FT813 graphics processor.

c) Choice of batteries and power supply

Battery selection was oriented toward lithium batteries (lithium ion or lithium polymer). This
choicewas followed by the selection of the battery output voltage and internal capacity in
terms of mAh available to power the circuit. Based on the voltage required to poweil the

drive section, the battery pack output voltage of 11.1V obtained by conn8clittgum
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cells of 3.7V each in series was chosen. Relative to capacity, a battery pack with a minimum
capacity of 1800 mAh was chosen to be selected in order to deliver a treatmeét of 4
consecutive hours. To monitor the efficiency of the batteriesatierlp "health status”
monitoring section was implemented using the MAXIM mod. MAX17205 integrated unit,
which is a "FuelGauge." An external medical grade power supply with wide range input 100
240 VAC 5060 Hz with output equal to 15VDE2A was selectetb charge the internal
lithium battery. A power supply from SL Power company mod. ME30A1541B01 was
selected which is a medical grade power supply complete with CB Test Report
internationally recognized by testing laboratories and notified certificatiolesod

d) Coil drive

This phase of research focused specifically on the use of a new output voltage generation
system applied to theoils by means of a Texas Instruments mod. TPS61175 survoltor
working in switching mode.

e) Choice of biometric measurement

Theresearch focused on a biometric measurement made through a fingerprint sensor. The
phase of researching possible manufacturers of these biometric sensors led to the
identification of the company Fingerprint Cards AB from which samples were purchased for
testing on early prototypes of the device. The following figure shows the fingerprint sensor

attached to its evaluation card.
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Figure 21. Fingerprintsensor ofingerprint Cards AB

f) Choice of Bluetooth communication module

Among the various technologiesailable today for wireless communication, the research
considered both wii and bluetooth connections, and considering the ersaging
requirements of the device and the matinnection flexibility offered by smartphones for
bluetooth, the researcbdused in particular on Bluetooth Low Energy (BLE) technology,
which has undergone great development in recent years. Several BLE modules from
different manufacturersBLOX, Panasonic and Microchip were evaluated and tested: the
research phase started hvihe mod. NINAB112 module from eBLOX and then landed

on the mod. RN4871 module from Microchip.

g) Choice of microcontroller software/firmware development environment

The writing of the microcontroller management software was done using the Keilt MDK
ARM dewelopment environment, which has the platform cadMsion as its user interface.

The operating principle of the device is that of a "state machine" working with several
concurrent threads managed by means of a real time operating system RTX based on a
roundrobin algorithm and priority. The following two figures show the structure of the

development environment and the tools that the real time operating system provides to
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manage the microcontroller's resources and enable data exchange between tlse variou

threads.

p‘u‘isimn
Project Manager, Editar & Dabugger

ARM C/C++ Compiler

RTX Real-Time Operating System

USB Host USB Device
TCP/IP Networking Suite GUI Library
hS oy

Figure 22. Keil MDK -ARM development environment.
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Scheduler
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Figure 23. Tools of the Real Time Operative System

The research activity laid the foundation for the development of a first prototype consisting
of the evaluation board of the selected microcontroller and a first electronic board with the
graphics processor for driving the color capacitive touchscreetagisine coil drive
section, and the Bluetooth BLE module (the BLE module of 81 OX mod. NINA B112

was used in this first phase).
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The following figure shows a photograph of this first working "spun” system in which the

switchedon display is alreadyisible.

Graphics 3 » > = Microcontroller
processor for . .

driving

Touch screen
display

Fingerprint sensor

Figure 24. Evaluation board of the microcontroller and circuit board with graphics processor

This first prototype made with the evaluation board allowed us to gain experience with all
the new elements of the devic8pecial attention required the programming of the
microcontroller, the graphics processor with togcheen management, the generation of
thecoil drive signal, the programming of the bluetooth module (which was used for the first
internal tests of wirelessommunication with smartphones based on the two most common
operating systems iOS and Android) and the fingerprint recognition module.

The next step was to make a new electronic board, this time complete withbaardn

microcontroller, which became the first real prototype of the new device.
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This new electronic board was made according to the following block diagram:

Progetto JoCare

Schema a blocchi del primo prototipo

MCU RGB

TFT IPS 4.3"
Cortex-M4 5P
STM32F428VIT Capacitive Touch
GPU 2
o FT813 screen
Analog Audio speaker
EEPROM

Bluetooth Low Energy (BLE) -

2.4 Ghz frequency band
On/Off

Buton || D°DO. [UART. | ModuBLE - 333)INNNNNININM

i0s

Smartphone
UART Modulo
Fingerprint
UART UART-USB
Converter
DAC/PWM et colL
Output connector
power
ADCI-COIL

Figure 25. Block diagram of the first prototype

The following photographs show this first working prototype to whicbilof the "medium

single" type among those currently produced has been connected:

GP Batteries

Press play to start
your therapy

|23.7.2018 #1110

L.23.7.2018 #1/10

Figure 26. First prototype of the new device
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The following figures show on the oscilloscope the acquisition of the signal that is generated
by the coil connected to the device: the upper trace on the oscilloscope represents the

magnetic field generated by tleeil while the lower trace represents tineuced electric

field (both signals have a frequency of 75Hz).

Figure 27. Measurement of magnetic field and induced electric field.
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Figure 28. Measurement of magnetic field (upper trace) and induced electric field (lower

trace).
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The device managemembftware/firmware is mukihreaded and has been organized

according to the structure shown in the block diagram below:

MAIN Thread

m
Battery Thread Console Thread
RTX Real Time Operative System

Figure 29. Multi-thread structure of device management

Design and development of the final components (hardware, softwareodnmbating

materials for different joints) of the device

a) Microcontroller

The choice was made to include the ability to show the user guides in video format for
positioning thecoils on the treatment site. A larger microcontroller and display was then
chosen; the battery charging section was revisited by introducing a type of power supply
equipped with a USB Typ€ port and the Power Delivery protocol that allows direct
communicationbetween the power supply and the microcontroller. In order to meet the
demand for multimedia, a microcontroller also produced by ST mod. STM32H747x| Dual
core CortexM7 + CortexM4, which is equipped with two cores within the same chip, was
switched. In he microcontroller family, this model from ST is very higérformance and

can handle both the deterministic part of signal generation (with the eddecore) and

the demonstration video playback (with the Coifiék core). The microcontroller already
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implements, among the internal peripherals, everything necessary to manage the display and,
as a consequence, it is no longer necessary to use the FT813 graphics processor, which is
thus removed from the device schematic.

Among the various types of packagiagailable for this microcontroller, the BGA was
chosen and thus the mod. STM32H747XIH6 with the TFBGA240+25 (14x14mm)
packaging. In fact, this type of BGA ("Ball Grid Array") packaging makes it possible to
obtain a chip with a very small size (only 14x1#jn(to which the 265 available pins are
mapped).

With BGA technology, the chip's pins are arranged on adiw@nsional array of dots called
"balls" that are soldered onto the PCB only by automatic systems, thus excluding the
possibility of manually solderg the integrated onto the PCB.

Below is a photograph of an integrated with this type of BGA packaging:
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Figure 30: Packaging BGA Ball Grid Array
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b) Display

The 5" TFT IPS display from RAYSTAR 720x1280 with capacitive touch screen and driven

directly by the microcontroller via MIPDSI protocol was chosen. This display from

RAYSTAR is the mod. RF3500BYW-MNGL1.

This new display will provide the following advantages:

1 larger graphics

1 images with better resolution

1 the MIPIDSI protocol allows the display to be driven with a significantly reduced
number of signal lines compared to 24 RGB lines, and this is a mdyantage in
reducing electromagnetic emissions and thus in terms of electromagnetic compatibility

c) Battery charging sectionbattery monitor power supply unit

The lithium battery management section has been upgraded with a new integrated unit from

MAXIM mod. 77960 dedicated to battery charging and a battery monitor also from MAXIM

mod. 17205. Also chosen for the power supply is a new technologically advanced model

again from SL Power mod. SLE60SPD96B01 with medical grade USB-Cypeatput

differs from is predecessor essentially in the following features:

1 USB TypeC output connector

1 Power Delivery protocol that makes it capable of delivering programmable power up to
60W. This protocol allows the power supply to exchange messages with-boaieh
microcantroller, which establishes the output parameters of the power supply in terms of
voltage and current delivered.

d) Biometric sensor

The activity related to the biometric sensor for fingerprint reading was successfully

completed. From a careful analysis bktperformance of the biometric sensors, it was

deemed not appropriate to deploy the sensor for the following reasons:
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1 biometric sensors are devices closely related to the consumer world of portable devices
such as smartphone cell phones that, by their nature, are subject to frequent changes and
updates. In contrast, it is important that the components of a medical de¥io®re
related to the industrial world where a greater guarantee of several years of product
availability in the market is offered,;

1 the use of the user's fingerprint involves legal issues related to the management of
personal data;

1 the fingerprintrecognition process is affected by a certain degree of possible non
recognition, and this could prevent processing for the user who is not recognized. This
type of error would result in a very negative impact on the image of the device and not
acceptabled the customer.

Personalization of the device will be ensured by writing the client's name into the software:

the name will appear on the device's screen when the device is turned on and will not be

editable by the user.

e) Microcontroller software/firmware evelopment environment

The switch to the ST mod. STM32H747xl Dual core Coiek + CortexM4

microcontroller was accompanied by the switch to the new IAR Embedded Workbench

development environment, which consists of the components shown in the blockndiagra

Figure31:
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IAR Embedded
Project Manager, Editor & Debugger

Azure Threadx RTOS

ARM C/C++ Compiler

GUI Library File System

Figure 31: IAR Embedded Workbench

Microsoft's RTOS called Azure Threadx RTOS has been adopted as thdimeal
Operating System, which is an embedded development suite that includes a powerful
operating system that provides reliable amtta-fast performance for devices where
resource optimization is essential. It is an éasyse RTOS and is a widely deployed system
used in more than 10 billion devices worldwide.

The operating principle of the device remains that of a "state maatdamkihg with several
concurrent threads managed through the real time operating system based orrabiound
algorithm and priority.

The graphics library developed by ST called TouchGFX was chosen for the realization of
the user interface. TouchGFX isgaaphical software framework optimized for STM32
microcontrollers. By taking advantage of the STM32 graphics features and architecture,
TouchGFX enables the creation of graphical user interfaces quite similar to those of

smartphones.
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The TouchGFX framewa@rincludes TouchGFX Designer (TouchGFXDesigner), which is

a PGCbased graphics creation tool that simplifies GUI development by combining
WYSIWYG (What You See Is What You Get) simulator and automatic code generation in
C++ language.

In addition, the TouchBX framework provides all the necessary support features for

playing the video tutorials that are intended to be included in the final device.

Figure 32 Examples of GUIs with the TouchGFX graphics library.

Finally, anew research activity led to a major revision of the device prototype in terms of
both design complexity and constructability.

From a design point of view, the use of the new-doa¢ M4 + M7 microcontroller involves

the realization of a PCB that must eneery specific requirements regarditite length of

the signal lines that connect the microcontroller with external peripherals such as, for
example, the external memory since these lines must all have the same length in order to
guarantee signal transssion times with tolerances that fall within the order of picoseconds.

In order to be able to meet this requirement, it is necessary to use PCB design tools that
enable automatic implementation of this function and to apply, where necessary, a
"serpentiné topology of the signal lines involved. From the point of view of constructive
feasibility, the current global situation regarding the availability of electronic components is

such that components are often not available except with very long lead tiftezs 54
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weeks and more), and this means that it is not possible to have all the components necessary
for the realization of prototype electronic boards. The new STM32H747 family
microcontroller currently has a lead time of over a year. We searched isla solution

to develop the prototypes envisioned in the project while not having the immediate
availability of the microcontrollers as individual components.

Therefore, the use of evaluation boards mod. STM32H43CO (known as "Evaluation
Boards") ofthis microcontroller was defined at this stagéhough these microcontrollers,

as individual components, are not available on the world market in a reasonable time and at
an acceptable cost, the relevant evaluation boards are available on the cdanrgascale
distribution, and this allowed the development of a new prototype of the device based
precisely on this Evaluation Board mod. STM32H7BISCO, which allowed all the
various sections of the device to be tested.

The realization of the final mtotype of the device has been divided into two successive
phases described in Figus8 below and referred to as "Prototype 1" of the device, which

will be realized with the microcontroller evaluation board, and "Prototype 2" of the device,
which will berealized with the microcontroller chip placed inside a single electronic board

containing all sections of the final device.

D Prototipo 1 del dispositivo Testing IGEA Prototipo 2 del dispositivo Testing IGEA

L Discovery Kit STM32HT747 Scheda prototipo 1 Scheda prototipo 2 Scheda prototipo 2
. Microcontrollore STM32H7478BI Microcontrollore STM32H747XIHE
Wicrneaptioliogs Dual core Cortex-M7 + Cortex-M4 Fulsapia. Onid Dual core Cortex-M7 + Cortex-M4 Pulsanie, OOt
; - Sezione USB Type-C . - Sezione USB Type-C

Progessore jaico Bisplayd Power Delivery con controller Display,5 Power Delivery con controller
Display Flash memory Monitor di batteria Flash memory Monitor di batteria
Batteria SD Card Carica batteria SD Card Carica batteria
Alimentatore Speaker Protezione overcurrent Speaker Protezione overcurrent
Modulo Bluetooth Pilotaggio solenoide Pilotaggio solencide

| n
Impronta digitale Modulo Bluetooth Maodulo Bluetooth

Alimentatore USB Type-C PD Alimentatore USB Type-C PD

F Attuatore aptico Attuatore aptico
Filotaggio solenaide Batteria Li-lon & Batteria Li-lon i
Display 5"
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Figure 33 Road map of the final prototype divided into two successive phases "Prototype
1" and "Prototype 2"

The block diagram of "Prototype 1" is shown in the block diagram in FRfure

Campionatura display:

DISPLAY LCD Driver

- RAYSTAR modulo led+touch P- & TOUCHSCREEN MIPI-DSI
CAP+Cover Lens standard mod.
RF3500D-AYW-MNG1

SPEAKER
Size 5" Capacitive

Resolution 720x1280 |«— Touchscreen ___,, DISCOVERY KIT STM32H7471-DISCO
Controller 12C : FLASH
Interface MIPI-DSI Microcontrollore ST mod. STM32H747BI MEMORY

Touchscreen capacitivo Dual core Cortex-M7 +
SD CARD

Cortex-M4

Linee dati -

PUSH BUTTON
ON/OFF

USB Type-C con interfaccia
power protection

\
HAPTIC DRIVER
‘_ & ACTUATOR

A

MAIN SUPPLY ST mdo TCPPO3-M20
100 - 240 VAC + controller Microchip UPD350A BLUEETN?E%TGHYLOW
50 - 60 Hz MicroChip mod.
15V 2 RN4871
Monitor di batteria
POWER SUPPLY
MAX17205
SL Power
mod. SLE6G0SPD96B01
Medical grade CARICA BATTERIA Li-lon

Fino 2 60 W BATTERIA Maxim HONCELL
USB Type-C MAX 77960 11.1V - 1350 mAh

Power Delivery (PD)

Paolyswitch
UL Certified

POWER DRIVE
TPS 61175

Figure 34: Block diagram of "Prototype 1" device with evaluation board
From a practical point of view, prototype 1 was realized by means of 3 electronic boards,

which are show in the table below:

Evaluation board of the| Electronic board mod Electronic board mod.
microcontroller mod| Display cod. 90001 USB cod. 90005

STM32H747{DISCO
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1 The electronic board "Evaluation board mod. STM32HAa[BCO" contains.
- the microcontroller STM32H747XIH6
- all the accompanying components required for its operation
1 The electronic board named "Display" contains:
- the 5" TFT display with capacitive toudtreen
- the RGB led for visual feedback
- the acoustic feedback speaker
- the pototype power button
1 The electronic board named "USB" contains:
- the USB TypeC communication port
- The charging and "health status" monitoring section of the battery
- the Bluetooth BLE communication section
- The haptic actuator section for haptic feedback
- Thecoil drive signal generation section for generatingREMF

The 3 electronic boards were assembled as shown in FHgure
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Evaluation Vista Frontale Vista Posteriore
Boord

Figure 35 Assembly of the 3 electronic boards of "Prototype 1"

As shown in the block diagram of "prototype 1," Microchip's mRN4871 module was
selected for the Bluetooth BLE communication section. In parallel with the development of
"prototype 1," the development of the Bluetooth BLE communication section was continued.
Two simulators of the Bluetooth communication were madguf€i36) along with a
description of the communication protocol used to transfer data from the device to the

smartphone.

Figure 36 Bluetooth BLE module mod. RN4871 from Microchip mounted on the circuit

board.
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The Bluetooth communication protocol tHas been defined provides all the commands
that allow the smartphone (with iOS or Android operating system) to query the device with

the purpose of obtaining data about the treatment sessions that have been performed.
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The data is sent from the device according to the standard JSON (JavaScript Object
Notation) format and has been organized according to the structure shown inJgure

below:

= user = device = model

user_id (string 36) - UUID + model_id (integer) =0—— + model_id (integer)
name (string 20} sn (double) name (string 15)
surname (string 20} fw_ver (string 10) trade_name (string 15)
email (string 30) o< user_id (siring 36)

= session | = session_alarm |

model_id (integer) model_id (integer)

sn (double) | sn (double) |

fw_wer (string 10) user_id (string 36)

user_id (string 36) j session_id (integer) = alarm

session_id (integer) date_time (datetime) UTC unix time model_id (integer)

trim_start (datetime) UTC unix time — alarm_id (integer) pO——+ alarm_id (integer)
trim_site

trim_stop (datetime) UTC unix time name {string 30)
——+ trim_site_id {integer}

offset_time (integer) secs = signal_range
name {string 15)

trim_length_max (integer) secs model_id (integer)

trim_site_id {integer) i:——l—» signal_id (integer) BO— =
signal
signal_id (integer, coil_id (integer)
1 LT (T - — maodel_id (integer)
coil_id (integer) Bo— freq_min (integer) . o
+ signal_id (integer)
freq (integer’ freq_max (integer)
4 gen) o ( o8l name (string 20)
width (integer) = coil width_min (integer)
icoil (integer) model_id (integer) width_max (integer)
battPerc_start (integer) signal_id (integer) icol_min (integer)
battPerc_stop {integer) + coil_id {integer) icol_max (integer) Proetto JoCare
Database structure
battHealth (integer) name (string 50) icol_open (integer) Rev. 2.3 -4.52022
icol_short (integer)

Figure 37: Structure of data transferred via Bluetooth BLE.
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Study and definition for the optimization of the communication protocol between

applications, the new device and other applications dedicatédTi¢Internet of Things)

devices
A study was then performed inherent in #pecifications to realize the adpystem related
to thenewdevice:

9 Articulations & Analysis | Insight | Research Articulations

The purpose of the reseanslas tounderstand which joints are most affectedchytilage
degeneration/osteoarthriti¥he data on people subject to the diseases and the difficulties
they face in their daily activities allow us to learn more about the end user.

T MKT applied to eCommerce

The purpose of the reseanvhs toidentify what are the main neefitem themarketing side
of eCommerc€Payment methods, analytics, advertising, cookies, customer support, etc.).

1 eCommercand Cloud

The purpose of the reseanshs tochoose the eCommerce tool to be used within the project
for the provision of accessories and coempéntary services to the device. Accordingly,
severakCommercand cloudbased offerings cdCommerc@roductsvereinvestigated in

depth and evaluated from a project perspective. They turn out to be compatible with the
project, Prestashop, Woocommerckofify, Magento.

1 Study of the user profile

Theresearch aimed to study the function and role of the user profile within the design and
development of software solutiorisaimed to

o Figure out how to precisely delineate who will be tiser of theapplications

0 Being able to design the experience in such a way that it icested

o Structure a user profile in which people can identify themselves

1 Onboarding and Evaluation Sheets
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This researclilelved intoOnboarding techniques in a Mobile Apgation with a focus on

how Applications collect user data and use it to create scorecards or custom scoring. Thus,
the ultimate goal of the research is to understand whether an Onboarding process will need
to be included in the Application included in gheject and, if so, how best to structure it

to make the user experience smooth and enjoyable.

1 Exercises and training programs in the rehabilitation/prevention app

The purpose of the reseanslas tounderstand how exercises and training schedules could

be managed within fitness or rehabilitation apps. Specifically, theraegd tomanage a
session calendar to which a possible session schedule could be linked for therapies to be
performed. In additin, the app could host exercise programs to strengthen muscles.

1 Interfaces to connect App to Wearable Device

The purpose of the research is to analyze how a technology device connects and synchronizes
data with a mobile application. A technology devamanected via Bluetooth to a mobile
application will be offered to users.

9 loT protocol choices

The aim of the researclvas to arrive at defining the most suitable IoT protocol for
communication between thmeew deviceand the mobile app and betweennitiahe central
data repository, in the Cloud. The final choice also took into account the results that emerged
from some practical tests, obtained through the implementation of a protdigki;ginto
account these considerations and the specifics opribject, the compatible and chosen
technologies are:

o Bluetooth for communication between device and mobile app

o HTTPS and MQTT for mobile app communication and central repository

(Cloug)

1 loT andCloud
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The purpose of the reseansfas toevaluate the most suitable communication protocol and
Cloud services, which involves having the mobile app communicate with a central
repository, built via th€€loud The final choice fell on the Goog&oud and inparticular

the services offered by thidloud platform, namely: 10T Core, Cloud Functions, BigQuery.

1 loT & Edge Computing

The topic of edge computing in the context of IoT and specifically how a smartphone mobile
app can be used as edge computing between a Bluetooth deviC#oadderviceswas
explored This research originated within the "IoT Protocol Definition" research to further
explore the topic of secure data transmission between devices and the central repository in
theCloud

9 Customer Experience in Device IOT

The purpose of the resehwas toinvestigate the user experience in the presence of smart
devices in the Health and Wellness market. The research analyzes the user experience of a
selection of 10T devices and the tips provided to users in the first weeks of use.
Recommendations for deviceaintenance are also explored in depth. The research results
provide us with industry best practices and tips that will be considered when desigping
functionality.

9 Prediction via machine learning of malfunctions

The studywasaimed at identifying po#isle practical applications of machine learning in the

area of device malfunction diagnosis. For the time being, the study focused on methods for
estimating battery status. In this area, several machine learning methods are already available
and are charaerized by good prediction accuracy. The conclusion of the research identified
the DNN (Deep Neural Network) solution as the most suitable in this area because of its

excellent machine learning capability and good prediction of the remaining battery life.
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Therefore, it is desirable to apply this approach within the project to predict the remaining
battery life and inform the end user or technicians in a timely manner.

1 Digital Health Care and Telemedicin®Vhat it is, potentials and limitations in doctor

paient communication

The purpose of the reseanshs toinvestigate what the developments of Digital Healthcare

in Italy are and what the developments of Telemedicine are. In this research, multiple factors
were analyzed that led to the conclusion of nobting to introduce a direct doctpatient
communication system within the project applications. It must be considered that the
introduction of a chat within such a specific application has thorny issues to be addressed:

0o Who would the user communicate vt here should be a dedicated team of
clinicians whose job it would be to respond to and manage chat communication;

o Why should users write to the App Chat if they experience problems or have
concerns about their treatment and not directly contact thesopar physician
who prescribed the device?

o Why would a physician recommending the device to one of his patients use the
app's chat instead of the normal communication tools he already routinely uses
to communicate with all of his patients?

A dedicated chawithin the App, for this specific context, has more negatives than positives.
Sensitive data that could circulate within the App is another aspect to consider. If a user were
to send reports, documents related to his or her health status within thbistdtta would

pass through the App owner's infrastructure. The latter becomes responsible for the security
of this data and is "obliged" to regularize the entire data management as much as possible.
In addition, it must be taken into account that thet€of implementing and maintaining a

chat service (between infrastructure and personnel dedicated to maintaining and using it),
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are high and do not compensate for the little added value that a chat would bring to the

project application

The results of this halepth study helped to choose the optimal solution for the system, from

a protocol and€loudservices perspective

Activities thentook place taset up the environments on Google Cloud Platform (GCP).

An initial mobile prototype foriOS and Android was built in order to evaluate the

communication issues and validate the technology choices made, particularly for:

1 Verify the correct data exchange between the device prototype and the mobile app
prototype

1 Verify proper data exchange be®vemobile app prototype and tbleud

The verifications led to the following conclusions:

1 Bluetooth BLE is the most suitable protocol for communicating between devices and
mobile apps

1 HTTPS is the most suitable protocol to communicate between mobile dppTlaGore
service in Googl€loud

Design thinking aims to define the vision of the project, justifying the design choices made

downstreamThe topics covered were:

1 Generation of user personas

1 Stakeholders map

1 Empathy map

1 Vision brainstorming

1 Value propogion canvas

9 Business model canvas
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Figure 38.Logical scheme of the project

Directions to be followed during mobile and web app development were drafted.

Commands and related formats for communication between mobile app and new device have
been defined.

The techniques and methods used to construct and design interactions that the user uses in
relating to a specific "product” were defined.

It has also been defined how the analysis of aspects that condition the way people access the
digital tool and its information is to take place.

The User Interface represents the actual graphical user interface, that set of elements that
enables interaction between the end user and the digital tool.

It was described how interface design, the final stagkesign, is constructed by taking as

a reference point the wireframe containing ge@eralstructure othe product and creating

a library of elements to be used to assemble a user interface suitable for various services.

The above activities then floweato the design of a first version of the App and specifically:
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1 Project Brief

1 Definition of functionality

1 FX design

1 Design flow Design sprint

1 Mobile App Design

1 Backend web design

A new project has been prepared on Google Cloud Platform, dedicated to thackehd
development environment with which mobile apps communicate.

Two new mobile apps, representing the second version of the prototype, have also been
prepared, developed natively and for the Apple iOS and Google Android platforms, and can
be downloade from a dedicated site.

Thenew devicemobile app, and web backend are a single system made up of closely related
components, in terms of data flows, so functionality design was carried out in increments on
both sides througbktrongco-design activities.

As for the mobile app, the design has covered these issues:

1 Onboarding

{1 User Profile

1 SeltAssessment Sheets

1 Support

! Sessions

1 APP Home Page

1 Home Page and Notifications

1 Navigation and Settings

As forthe backend web, the design has covered these issues:

1 Login/Login
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T
T

Device management (list+detail)
Customer management (list+detail)
CMS Support

CMS SeltAssessment Sheets
User/role management

Navigation (React)

Dashboard

From the above design activities, the database in the Cloud was then designed taseo|lect

device, session, and dioarding data.

For thetime being, the database for backend functionality has been modeled:

T
T
T
T

Login/Login
Device management (list+detail)
Customer management (list+detail)

User/role management

Following the modeling part, the @dase was then created on the Google BigQuery data

warehouse, on which the developed application functions rest.

Implementation activities can be divided into several parts:

T

mobile infrastructure developments, related to certain parts of the mobileappish
good to realize as reusable components or software layers, so as to then speed up the
development phase and at the same time standardize the way these parEheork.
infrastructure activities were related to:
o Development of a generic software layer, for communication via Bluetooth BLE,
for both iOS and Android, so as to facilitatata exchange between mobile app

and device
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o Development of the IoT protocblased software layer for communication
between the molsl app and the cloud, so that data can be retrieved from the
device via the mobile app and stored in the cloud

1 Development of a software layer for the web backend user interface, based on the ReactJs
and PrimeReact frameworks. The developed extensions fatagwaphical components
compatible with what emerged in the-design phase.

{1 Data flow development for IoT: The Googl#oud is used not only to host the web
backend, but also to make available a set of services listening to data from the mobile
apps, va the IoT protocol. Once the communication protocol via Bluetooth BLE
(command set) was designed, the next step was the implementation of the services
listening to the data collected via the mobile app. These services were implemented as
Cloud Functions,a ensure maximum scalability and also offering optimal integration
between the 10T protocol and the BigQuery database.

1 Development of second mobile prototypler iOS and Android, containing
functionalities consistent with what emerged in thalesign phae. More specifically,
the functionalities developed to date are those related-twarding and retrieval of
master data (devices, usassils, etc.) and of treatment sessions:

o APP Home Page

0 Onboarding

o Navigation and Settings
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This prototype then allows the device to be registered iolth® and retrieve information
about the devices, users and their treatment sessions, which is then searchable in the Web
backend.
1 Web backend development. Starting from thedesign ativity, a web application
capable of displaying data collected by the mobile app, related to:
0 Login/Login
o Device management (list+detail)
o Customer management (list+detail)
0 User/role management

o Navigation (React)

Newmedicaldevice © oo -

f@r Home
2, Utenti

t

Dispositivi

D

Allarmi

Modelli

0o
oo

Segnali

Resistenze

3 @ =

Trattamenti

s Utenti e Ruoli

Je

Through this web backend, registered devices and related users and treatment sessions and

alerts retrieved through the mobile app from the dewieesbeaccessed.
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Lista sessioni per I'utente MARTINL

Da A

Q, Ricerca

Modello T| Utente T) Avvio trattamento 1| Fine trattamento T| Trattamento T] Segnale T |
Device di test Lorenzo Martin lorenz 1970-01-01 00:00:01 1970-01-01 00:00:23 Trattamento di test Osso

1 Prototype development with Augmented Reality

The purpose of thigctivity is to create an initial mobile prototype related to AR (Augmented

Reality).

1 Cail recognition, the recognition is done through the smartphone camera and some AR

)l

libraries available for iOS and Android (e.g., PIKKART that allows adding digital

conent such as 3D objects, videos, image galleries, fact sheets, etc.). A possible practical

application to be included in the mobile app is a user support feature for assisted

positioning, indicating whether thaoil has been positioned correctly, for exaeply

displaying thecoil and the part of the body to which it is applied in overlay to an image

showing the correct positioning.

Additional information and linkage to services; e.g., showing the identified object (e.g.,

device) with overlay information (¢jns for color or available models, etc.)

Further practical applications on the mobile app could be:

1 Tip on using the device (powering on, checking battery levels...)
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9 Directions for bluetooth or wifi pairing with the device

1 Display in app of a list of mad-specific tutorials for user guidance
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4.3.3 Study,preparatiorand development afocumentation in clinical settings.

Study and preparation of selfsessment forms

The userfriendly selfassessment forms that will be included in the app will assist the
sportsman in using the new device and provide him with guidanaeappropriateness of
treatmentji. use of the device (treatment schedule, hours/day and days qiythenadiii.

choice ofcoil.

The following activities weralsocarried out during the first year of work:

1 Coordination of the clinical research part: this has meant ideation and comparisons with
clinical colleaguest the Clinicalnstitutes to try todentify the most useful and reliable
clinical parameters for the purposes of the project, as well as most understandable to the
end user of the app;

71 Proposal and development of the first clinical-ssi$essment forms with regard to ankle
problems: revievof relevant literature and discussion of questions to be included in the
guestionnaires;

1 Meetings, inperson and telematic, to coordinate and evaluate thassssment forms
related also to knee and shoulder probtediscussion with Clinical Colleagaeon the
settings of the questionnaires in order to make them as simple, understandable but
scientifically correct as possible;

1 Design and study of parameters for the creation of the Fitness Index: review and
evaluation of the Literature;

1 Administration,collection and evaluation of ankle saésessment forms: identification
of the target population for this first phase of setting and wewiethe selfassessment
forms;

1 Administration of questionnaires to healthy volunteers to assess whether the guestion

are understandable and evaluation of responses;
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1 Presentation of data on sesessment forms at the various meetingpemon and

telematic, that were held.

During thesecondyear of the project, with a view to developing survey protocols for the
clinical use of PEMFs in the context of shoulder disorders, the first two questionnaires were
developed dedicated to subjects with high and low function, defined according to the level
of activity performed by the individual. Through the study of different scores available in
the literature, such as Constant score, Shoulder Pain and Disability Index (SPADI),
Disability of the Arm, Shoulder and Hand (DASH), American Shoulder and Elboge&os
(ASES), 10 and 8 questions, respectively, were selected for the questionnaires aimed at
subjects with low and high functionality.

The questions, developed according to a Likert scale, are devoted to assessing the perception
of pain and joint stiffess, as well as the duration and frequency of symptoms. In addition,
patients' ability to perform certain daily actions (providing personal hygiene and basic needs)
or more intense efforts.

The questionnaires thus constituted were submitted to 87 suljgctsles and 43 females

with an average age of 38.4+28.7 years. Among those who responded to the questionnaire,
12 reported low function and 75 reported high function. In addition, 5 subjects with overt
shoulder pathology emerged after the administradifotine questionnaire. This allowed us

to note an actual effectiveness of the questionnaire thus developed in identifying subjects
with overt pathology, through a profile of responses more shifted toward high values on the
Likert scale.

In addition, two nain aspects emerged from the response profiles: the duration of symptoms,
which was difficult to interpret because it was not posed according to a Likert scale, but with

only two possible choices; the hifnctionality questionnaire found no responsehat t
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highest level of the Likert scale, even for patients who declared overt shoulder pathology.
Following these preliminary evaluations, it wagdanned to further evaluate the
guestionnaires and introduce possible modifications.

The results of the questinaires were discussed with othearticipants in theclinical
researchgroup inorder to standardize the questionnaires for different anatomical sites in
terms of the number of questions and types of responses. For this, changes were made, which
are specied below: 1) a single seHfissessment form was defined per anatomical site,
without distinction on the subject's level of function; 2) the possible answers related to the
duration of symptoms were converted to-pdint Likert scale, to conform the questito

the pattern of the other questions/answers.

During the third year of the project, the CIP ailldrelated documentation was drafted and
submitted to the relevant EC to obtain apprdyafiore they could be used in the clinical
setting

Below is Clinical Investigastion PlarSynopsisand Clinical Report Form (CRF) fdhe
multicenter prospective observational spontaneous study for the development of joint
wellness selassessment formeccording to Good Clinical Practice (EN 1SO 14155:2011)

and incompliance with ethical principles in accordance with the Declaration of Helsinki.
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Clinical Investigastion Plan
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SPONTANEOUS MULTICENTER PROSPECTIVE OBSERVATIONAL STUDY
FOR THE DEVELOPMENT OF SELF -ASSESSMENT FORMS

OF JOINT WELL NESS

Type of studyMulticenter

Coordinating and proposing center:

Azienda Ospedalierblniversitaria Arcispedale S. Anna of Ferrara
0O.U. of Orthopedic and Trauma Clinic

University Department of Translational Medicine and for Romagna
Hospital DepartmentEmergency

Scientific head of the coordinating centerof. Leo Massari

Short title: Joint Wellness SeffssessmerBheets

Study Code: JoCare

Version 2

Date 13/01/2023
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TITLE

Spontaneous multicenter prospective observational study for the developmjamt of
wellness selassessment forms.

INTRODUCTION

The recent Covid pandemic has demonstrated the importance of developing telemedicine
systems to assist patients remotely. The proposed study is within the scope of telemedicine.
With the present study, ainitial exploratory phase is conducted aimed at developing
anatomical sitespecific sefassessment questionnaires (shoulder, knee, and ankle) capable
of directing the subject to the need for an orthopedic specialist visit. The questionnaire will
allow thesubject to understand whether his or her symptomatology indicates the presence
of a clinical condition requiring orthopedic specialist examination. In this way, it will be
possible to identify patients in need of a specialist visit at an early staggingudironicity

of the painful symptomatology and allowing early diagnosis and potentially faster functional
recovery.

To this end, starting from the analysis of clinically validated questionfafyesthopedic
specialists afferent to the University Bérrara, the Rizzoli Orthopedic Institute, and the
Galeazzi Orthopedic Institute collaboratively developed questionnaires with the following
characteristics:

a. Subjectivity: the questions in the questionnaires involve a response that reflects a
specificcondition of the subject, e.g., ability to perform daily activities or sports.

b. Specificity: the questions in the questionnaires are specific to the anatomical district
(shoulder, knee, ankle).

C. Simplicity: since it is a questionnaire filled out byethsubject completely
independently, the questions are written in simple language and the mode of completion is

intuitive.
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d. Reliability: the score obtained from the completion of the questionnaires should be
able to distinguish subjects who need furthigdostic investigations from subjects who
need drug therapy, physical therapy, or no therapy.

The present study represents the pilot phase of the project aimed at developing anatomical
site-specific sefassessment questionnaires (shoulder, knee, and)akd involves the
collection of data from the sedfssessment forms in a population of subjects who have
requested an orthopedic specialist examination for the anatomical site covered by the
guestionnaire. As part of the proposed study, patient respotiisége compared with the
outcome of the orthopedic specialist visit.

The data collected from the questionnaires will be used to: 1. assess the statistical
significance (p value) of each question in the questionnaire in relation to the outcome of the
orthopedic specialist examinatip®. score each response in relation to the outcome of the
orthopedic specialist examination.

The proposed study will allow the development of-asfessment questionnaires thased

onsimple questionsan direct patiesttoward the need for an orthopedic specialist visit.
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STUDY

Multicenter, prospective, observational study.

PARTICIPATING CENTERS AND PRINCIPAL INVESTIGATOR

Coordinating and proposing centeAzienda Ospedalierdniversitaria Arcispedale S.
Anna diFerrara, U.O. of Orthopedic and Traumatology Clinic, University Department of
Translational Medicine and for Romagna.

Principal Investigator (P.l.)Prof. Leo Massari

Satellite Center IRCCS Istituto Ortopedico Rizzoli, Orthopedic and Trauma Clinjc Il
Bologna

Principal Investigator (P.l.)Prof. Stefano Zaffagnini

Satellite CenterlRCCS Ospedale Galeaz@ant'/Ambrogio, U.O. Shoulder SurgeMilano

Principal Investigator (P.l.)Dr. Ettore Taverna

OBJECTIVES OF THE CLINICAL INVESTIGATION

Primary objective

The primary objective of the present study is to collect data from threassel§sment
questionnaires specific to shoulder, knee and ankle by observing the distribution of responses
for each anatomical site.

Each questionnaire will be specifit one anatomical site: shoulder, knee, and ankle.

The data collected from the questionnaires will be used to: 1. assess the statistical
significance (p value) of each question in the questionnaire in relation to the outcome of the
orthopedic specialistc@mination;2. score each response in relation to the outcome of the
orthopedic specialist examination.

Secondary objectives
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The collection of the orthopedic specialist's opinion on the therapeutic indication for each

subject participating in the study.

STUDY DESIGN

The present study is a pilot study that aims to collect data from anatomicetiGc self
assessment questionnaires. Each questionnaire will be specific to one anatomical site:
shoulder, knee, and ankle.

At the same time as an anatomisiéd-specific orthopedic examination, subjects who have
signed the informed consent will be asked to complete the anatomicapsdiéic self
assessment questionnaire.

Upon completion of the questionnaire and regardless of the answers given, thevallbject
undergo an orthopedic specialist examination.

At the end of the examination, the orthopedic specialist (blind to the questionnaire) will note
the outcome of the specialist examination and the therapeutic indication he or she considers
appropriate.

At the end of the study, the collected ssdEessment forms will be analyzed in order to: 1.
evaluate the statistical significance (p value) of each question in the questionnaire in relation
to the outcome of therthopedic specialist visiB. assign a se¢e to each response in relation

to the outcome of the orthopedic specialist visit.

Through a multivariate logistic analysis of the responses given by the subject, it will be
possible to "weigh" each response in order to obtain a final value that givelcation for

an orthopedic specialist visit.

POPULATION

Inclusion criteria
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1 Subjects who have requested an orthopedic specialist examination for the anatomical site
covered by the selissessment form;
1 Age 18 years or older;
1 Understanding of the Italidanguage.
Exclusion criteria
1 Surgery within the previous 12 months at the anatomical site covered by the self
assessment form.
Sample size
The proposed study is a pilot study designed to determine the feasibility of developing self
assessment forms thatncdirect patients to the need for an orthopedic specialist visit and to
determine the sample size of the final study.
Given these assumptions, a power analysis to determine sample size is not applicable to the
present study, however, based on clinicalezigmce it is believed that 50 subjects per
anatomical site is a sufficient number to allow determination of response weights based on

the statistical analysis of the data below.

APPROVAL BY THE ETHICS COMMITTEE

The study will be conducted according@ood Clinical Practice (EN ISO 14155:2011) and

in accordance with ethical principles in accordance with the Declaration of Helsinki.

Before the trial begins, the center will obtain approval from the relevant ethics committee
for the study protocol, witparticular regard to the information sheet and informed consent
form.

By signing this protocol, investigators agree to comply with these requirements and to
conduct the study diligently and efficiently and in accordance with this protocol. This

protocol aml any amendments will be submitted to the CE in accordance with legal
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requirements for formal approval of the study. The decision of the EC regarding the conduct
of the study will be written to the coordinator. Written informed consent is required for all
subjects.

Informed consent to the study

The patient's consent to participate in the study will be sought after full information about
the study has been provided to the patient, paying special attention to the explanation of the
purposes, manner of handjimnd use of the patient's data. The patient's right to withhold
consent or to withdraw it at any time during the study, without explanation and without
implications to the proper continuation of treatments to his or her person, will always be
respected.

In order to be registered, subjects give consent to the processing of personal data, in
accordance with the Privacy Guarantor's Guidelines of 24/07/2008 on the protection of
persons and the processing of personal data.

All subjects in this study will receeva Consent Form that describes the study and provides
key information to make an informed decision about their participation. (Informed Consent
Form). The practitioner will explain all procedures in detail in an individual session. The
information shouldbe provided in language and terms that are understandable to the
individual and in an appropriate time. The consent form, also signed by the designated
investigator and dated, should be kept by the investigator as part of the study records. A copy
of the onsent, signed and dated, should be given to the subject. The Consent Form must
include all the required elements of informed consent according to regulations. In addition,
the Consent Form must identify the sponsor or his/her representative. The comseaid
explanation will include: detailed information about the methods of investigation, the

rationale for conducting the study, potential effects and risks, and emergency and safety
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procedures. Information on data collection will be described in deftagderstanding of the
consent form will be ascertained with appropriate questions.

Subjects will be reassured that their participation is voluntary and that withdrawal from the
study will not affect their treatment or relationship with their caregivdtsubjects will be
informed about the potential risks and benefits of being involved in the study. Subjects will
be able to request withdrawal from the study, and any assessments conducted will be
returned.

The consent form must be approved by the Ef@msimittee before the study begins at any

site. Any subsequent changes to the approved informed consent form must be reviewed and

approved by the Ethics Committee before use.

DURATION OF THE STUDY

Patient enrollment will occur only if the patient meetsiticlusion and exclusion criteria of

the protocol. The subject is considered enrolled in the study when he or she provides written
Informed Consent. No study procedure will be initiated before the Informed Consent is
signed.

For each patient, the studylMast only as long as it takes to complete the anatomical site
specific seHassessment form and the orthopedic specialist examination.

For each center, the study will last 1 year from the date of approval of the study protocol by
its Ethics Committeesubject to reaching the total number of patients to be enrolled.

Study interruption

Patient adherence to this study is completely voluntary. The patient will be able to withdraw
from thestudy atany time without any negative impact on the quality of Iezdte provided

to him or her. The date of withdrawal will be recorded along with the reasons for the patient's

withdrawal from the study. Similarly, the study may be terminated if the physician finds that
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conditions occur that, in the best interest of gaéent, make it appropriate to suspend the
study.

Patients withdrawn from the study may be replaced with new patients to be recruited.
PROCEDURES FOR MONITORING ANY PROBLEMS, INCIDENTS,
COMPLAINTS

As this is an observational study, no related side esffae expected.

EVALUATION OF RESULTS USING STATISTICAL METHODS

The evaluation of the collected data will subsequently receive statistical evaluation by
researchers pertaining to the centers participating in the study who were involved neither in
defining the questions on the sel§sessment forms nor in collecting data from patients.

Each item of the questionnaire will be evaluated in relation to the outcome of the orthopedic
specialist visit by dividing the population into subjects (a) for further tigegson or (b) for

drug therapy, physical therapy, or no therapy. By means of logistic analysis, the statistical
significance (p value) of each questionnaire item in relation to the subgroups identified by
the specialist visit will be calculated, andhétsaid item is found to be significantly relevant
(p<0.05), its weight will be considered on the basis of the coefficient obtained in the resulting
multivariate analysis. A mathematidgipe algorithm will then be constructed for the
normalized combinatio of the scores obtained in the various items using the weights
calculated through the logistic model. The model will be applied for each of the 3

guestionnaires under study evaluated separately.

DATA MANAGEMENT
For the purpose of the research, anonymity will be guaranteed through the use of

identification codes. The data from the sadsessment forms will be collected through paper
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CRFs (Case Report Forms) in compliance with the provisions of the currenttiegisia
personal data protection, including Regulation (EU) 2016/679 (General Data Protection
Regulation), Legislative Decree No. 196, June 30, 2003, as amended (Personal Data
Protection Code) and in accordance with the safeguards and any other appiimabiens

of the Data Protection Authoritgand will be used exclusively for the purpose of the study.
The subject code decoding list will be present only at the centers participating in the study.
The data will be accessible only to the person resporfsiblee data and to personnel who,
because of their role within the study, have operational or data entry needs (Principal
Investigator and investigators designated by the Azienda Ospedaham@rsitaria S. Anna

di Ferrara, U.O. of Orthopaedic and Traulinic). It is the responsibility of the Principal
Investigator to preserve essential documents and data resulting from the study for at least 10
years after its conclusion.

It is the responsibility of the principal investigator to send theadrstudy report to the

appropriate authorities.
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University Department of Translational Medicine and for Romagna

Azienda Ospedalierblniversitaria Arcispedale S. Anna Hospital of Ferrara

SYNOPSIS

Title of study

SPONTANEOUS MULTICENTER PROSPECTIV
OBSERVATIONAL STUDY FOR THE DEVELOPMENT OF
JOINT WELLNESS SELFASSESSMENT FORMS

Study centers

Center Coordinator/Promoter

STRUCTURE: S. Anna HospitdJniversity of Ferrara
OPERATIONAL UNIT: O.U. of Orthopedic and Trauma Clinic.
PRINCIPAL EXPERIMENT: Prof. Leo Massari

Satellite Centers

STRUCTURE: I.R.C.C.S. Rizzoli Orthopedic Institute of Bologng
OPERATING UNIT: Orthopedic and Trauma Clinic Il
PRINCIPAL EXPERIMENT:Prof. Stefano Zaffagnini

STRUCTURE: I.R.C.C.S. Hospital Galea&ant'/Ambrogio, Milan
OPERATING UNIT: Shoulder Surgery.
PRINCIPAL EXPERIMENT: Dr. Ettore Taverna

Principal
investigator
center
coordinator

Prof. Leo Massari

Director O.U. of Orthopedic antrauma Clinic

University Department of Specialty Biomedical and Surgical Scie
Azienda Ospedalierbiniversitaria S. Anna di Ferrara

Type of study

Spontaneous multicenter, prospective, observational study.

Purpose of the
study

The present studsepresents the pilot phase of the project aime
developing anatomical sHgpecific sefassessment questionnai
(shoulder, knee, and ankle) that can direct the subject to the ne
an orthopedic specialist visit.

The pilot phase of the project iolves the collection of data fro
guestionnaires in a population of subjects who have request
orthopedic specialist examination for the anatomical site covere
the questionnaire. Each questionnaire consists of questions de
to collect informabn about the patient's subjective condition.
The data collected from the questionnaires will be used to asse
statistical significance (p value) of each question on the questior
in relation to the outcome of the orthopedic specialist visit. Uding
multivariate logistic analysis of the responses given by the subjg
will be possible to "weight" each response in order to obtain a
value that gives an indication for an orthopedic specialist visit.

Goals

Primary objective
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The primary objective of the present study is to collect data from
selfassessment questionnaires specific to shoulder, knee and ar
observing the distribution of responses by anatomical site.

Each guestionnaire will be specific to one anatamsite: shoulder|
knee, and ankle. The data collected from the questionnaires w
used to: 1. assess the statistical significance (p value) of each qu
in the questionnaire in relation to the outcome of the orthof
specialist examination and &core each response in relation to
outcome of the orthopedic specialist examination.

Secondary objectives
The collection of the orthopedic specialist's opinion on the therap

indication for each subject participating in the study.

Sample size
in the studio

The proposed study is a pilot study designed to determing
feasibility of developing selassessment forms that can direct patis
to the need for an orthopedic specialist visit and to determin
sample size of the final study.

Given these assumptions, a power analysis to determine sampl
is not applicable to the present study, however, based on cl
experience it is believed that 50 subjects per anatomical site
sufficient number to allow determination of response weighted
on the statistical analysis of the data below.

Duration of the
study

For each patient, the study will last as long as it takes to comple]
selfassessment form and orthopedic specialist examination and
For each center, the study will lasydar from the date of approval
the study protocol by its Ethics Committee, subject to reaching
total number of patients to be enrolled.

Selection
criteria

Criteria for inclusion of patients
1 Subjects who have requested an orthopedic spe@ahstination

for the anatomical site covered by the sed§essment form;
1 Age 18 years or older;
1 Understanding of the Italian language.

Exclusion criteria
91 Surgery within the previous 12 months at the anatomica
covered by the selissessment form.

Study design

1. Enrollment concurrently with an orthopedic examination specif
the anatomical site covered by the ss§essment questionnaire.
2. Completion of the anatomical s#pecific seHassessmer
guestionnaire.

3. Orthopedic specialistxamination (will be performed in all subjec
participating in the study, regardless of the answers given if
guestionnaire).
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4. At the end of the examination, the orthopedic specialist noteg
outcome of the specialist examination with the therapéudication
he or she deems appropriate.

5. Statistical analysis of collected data.

Clinical Orthopedic specialist examination

evaluations

Statistical The evaluation of the collected data will subsequently rec
analysis statistical evaluation byresarchers pertaining to the cents

participating in the study who were involved neither in defining
guestions on the se#fssessment forms nor in collecting data fr
patients

Each item of the questionnaire will be evaluated in relation tg
outcome of the orthopedic specialist visit by dividing the populs
into subjects (a) for further investigation or (b) for drug therz
physical therapy, or no therapy. By logistic a3#&, the statistica
significance (p value) of each item of the questionnaire in relatig
the subgroups identified by the specialist visit will be calculated,
if the said item is found to be significantly relevant (p<0.05), its we
will be consdered on the basis of the coefficient obtained in
resulting multivariate analysis.A mathematicatype algorithm will
then be constructed for the normalized combination of the s
obtained in the various items using the weights calculated by n
of the logistic model. The model will be applied for each of th
guestionnaires under study evaluated separately.

156



Joint Wellhess
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Joint Wellness SelfAssessment Sheet] Code: JoCare
Version 2
Date13/01/2023

CRF
GENERAL PATIENT DATA SHEET

To be completed by the orthopedic specialist

Patient code

Notes :

ANKLE

To be completed by the patient

Version2, Date 13.01.2023



Please answer each question with an answer that more appropriately describes your condition.

SEX (MIF) _ |
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Joint Wellness SelfAssessment Sheet] Code: JoCare
Version 2
Date 13/01/2023

CRF
GENERAL PATIENT DATA SHEET

To be completed by the orthopedic specialist -

Patient code

Notes :

KNEEL

To be completed by the patient

Version2, Date 13.01.2023



Please answer each question with an answer that more appropriately describes your condition.

SEX (M/IF) _ | __

AGE:
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Joint Wellness SelAssessment Sheet|] Code:JoCare
Version 2
Date 13/01/2023

GENERAL PATIENT DATA SHEET

To be completed by the orthopedic specialist

Patient code SHOULDER

Notes :

To be completed by the patient
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Please answer each question with an answer that more appropriately describes your condition.

SEX(M/F) _ | __
AGE:.
52 @2dz KI @S LEKAA A . . .
K2 dfd RS NK GAYVS wl NBf e {2YSUAYShFuUuSY 't gl ea
| 26 AVA@RSYIEKS LI 7+SNE adfarfR a2RSN} GE{ SOSNP yadzadlr Ayl of

hyt e Ay Ly CfSE;!

. torea Ay I
azNyAy3a NYUE AY gRgany ¢

LJ OS

|
La GKS aKz2dzZ RSNbSJFSNJ ;
L OFlydd AT
a
4]

126 Ylye (Aft23Nhaz2NB

Fo20S aKzdZ RSN {3 p G2 wmn p G2 mn LI G2 wm

K 2 dz RSNJ f SO

5SAIKG A
52 @2dz KI @S LI/, . .. ) A . . A
LIKS 54 OF I-OU)\Q)\bS@SNJ wl NBft & {2YSUAYShTUSY rtolea
SATTAOMA & O2Y0 b2 RAFT ! fAGGfS a2RSNYF (& adOK RAT L /I ydd
SATFTAOdMA &8 AY 6 b2 RAFT ! fAGGES a2RSNF & adzOK RAFT L /ydd

. o hyt @ A s

['ly e2dz KAG | ¢ Sas Ao g f cwl NBf & F .
t SUSt GAGK &2dN LINRot § DINBT2YISZAUK TAL 1y g 5, L OFyHU

gAGK fAQ

163



4.3.4 Documentation for clinical study to be submitted to the ethics committee

CIP study and preparation

During the third year of the project, extensive research and development of all the forms to
be sent to the relevant ethics committeethe clinical trial with the newDR medical

device delivering specificPEMF parametersfor the treatment of inflammary joint
diseases, which cause mild cartilage damage, that cannot be treated surgicadilgowas

carried out
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Clinical Investigastion Plan
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QUANTITATIVE EVALUATION OF THE
EFFECT OF NEW PEMF MEDICAL
DEVICE IN PATIENTS WITH
INTERMEDIATE -GRADE KNEE
OSTEOARTHRITIS:

PILOT STUDY
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INTRODUCTION
Exposure of skeletal tissues to PEMF has been shown to result in enhanced extracellular
matrix (ECM) synthesis and increased secretion of cytokines resultiegair of bone
and cartilage. The mechanisms of action of PEMF include the synthesis of growth
factor s, particularly transforming gr owt
inflammatory mediators. A number of studies, including plaesfdrolled dable
blinded analyses, have demonstrated enhanced bone formation (Borsalino et al, 1988;
Mammi et.al., 1993).Bone remodeling is a feature of OA and the effects of PEMF to
increase bone formation are of interest to this study (McLeod and Rubin, 1992).
Osteogenic differentiation of mesenchymal stem cells (MSCs) is enhanced by PEMF
(Tsai et al., 2009). Aaron and Ciombor (1996) have shown that the progenitor cell pool
in endochondral ossification is stimulated by PEMF resulting in increased
chondrogenesiand osteogenesis. PEMF also has profound effects on cartilage. Cell
proliferation and increased ECM synthesis after PEMF exposure have been observed in
chondrocytesn vitro (Sakai et al., 1991). A me#malysis of 6 studies demonstrated
that PEMF increases chondrocyte proliferation and aggrecan content (Fini et al., 2005).
Anabolic effects of PEMF are synergistic with insulin growe factor 1 (IGF1) and
antagonize ta catabolic effects ahterleukin 1(IL-1), restoring ECM loss in bovine
explants and human OA chondrocytes (Pezzetti et al, 1999; Fioravanti et al, 2002;
DeMattei et al2004).
PEMF has been shown to suppress inflammatory cytokines. Among the nkosg str
demonstrations of mechanisms of PEMF action is enhanced binding of adenosine to the
adenosine receptorA(Massari et al, 2007) Binding of adenosine, especially to A2A,
downregulates the expression of grdlammatory cytokines and cartilageatnx is
preserved with A2A agonists (Tesch et al, 2002; Cohen et al, 2004). PEMF has been

shown to increase A2A density and the binding of adenosine to A2A and to inhibit
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catabolic cytokines (Varani et al, 2002; Varani et al, 2003). In ovine OA, PEMF
treatment lowered H1 and tumor necrosis factatpha (TNFU) and r ai sed TGI
Benazzo et al, 2008). Aaron et al. (2004) reviewed PEMF effects on inflammatory
cytokines and presented 9 studies reporti
Aar on et al . (2002) has also demonstrated

MRNA, and protein in chondrogenesis (Fig. 1).

Figure 1: In a model of endochondral bone formation stimula
with PEMF, we showed th@iGFb is synthesized by chondrocyte
(a) coincident with chondrogenesis rather than by MSCs (b).

Two independenin vivo PEMF studies on OA in guinea pigs have shown significant
reduction in cartilage degradation. Ciombor et al. (2003) also demonstraihaction

in the cartilage neepitopes 3B3 and BQ3 as well as matrix metalloproteinase 13
(MMP-3), MMP-13andIll:1, and an i nThesecarsl study demonsh&tdd .
preservation of cartilage thickness and subchondral bone structure (Fin@08).,

Several clinical studies have shown that PEMF treatment reduced pain after arthroscopic
surgery, ACL repair and in OA joints as well as significantly improved Knee Injury and
Osteoarthritis Outcome Score (KOOS) compared to placebo treatment {Pipitd

Scott, 2001; Benazzo et al, 2008).

A comprehensive approach to controlling OA should include modulating the cytokine

environment in OA joints. There is compelling evidence frowitno andin vivostudies
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that PEMF has a positive effect on preserving and restoring ECM, based most likely on
alteration of cytokines. Studies of the biologic mechanisms of PEMF associated with
symptomatic improvement of OA have never been done in humans.

In a semmal study, a reduction in the severity of OA in guinea pigs was demonstrated
after exposure to PEMF. This reduction in OA severity was manifested by lower
histological/histochemical grades which reflected less cartilage destruction in-PEMF
treated kneed~g 2) (Ciombor et al., 2003). The preservation of the ECM was further

A B
demonstrated by a reduction in the +egtopes 3B3-) and

Figure 2: Representative Safranin O stained sections of the medial tibial plateau sh
extensive cartilage loss jplacebo treated knee (a) and preservation of cartilage in PE
treated knees (b).

BC-13, reflecting less severe cleavage of aggrecan, and by decreases in cells
immunopositive for the matridegrading enzymes, MME3 and MMR3 and the
inflammatory cyt&ine, IL-1. Increases in the number of T®Rositive cells were

observed (Figs 3, 4; Table 3).

%
Control PEMF P
Change

MMP-13 7.2+0.8 0.0+0.0 - 0.01

MMP-3 13.8+1.9 8.4+1.0 -39% 0.02
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IL-1 13.9+2.3 7.2+0.6 -48% 0.01
IRAP 10.5+1.0 17.3%1.1 +65% 0.003

TGFb 20.0£3.5 34.4+2.8 +72% 0.006

Table 3: Immunopositive cells (per unit area). PEMF expos
reduced MMP3, MMP-13 and IL-1 while increasing the
protective cytokines, IRAP antdGFb.
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Figure 3: Histological/histochemical grade. Mean grade of control tibias was 11.7
compared with 3.5+0.7 of PEMireated cartilage (p=0.0001).
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Figure4:l mmunohi st ochemi stry f or -ifeGtedib) tibial
cartilage showing increased numbers of immunoreactive cells in REedted sections.
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TITLE
Quantitative evaluation of the effect of new PEMF medical device in patients with

intermediategrade knee osteoarthritis: pilot study

PURPOSE

The presenstudy aims to observe the effect of the new PEMF device on cartilage by high
field MRI (3 Tesla, 3T) investigation that can provide both morphological and biochemical
information on joint structures.

Two different treatment regimens of the new PEMF dewiitebe applied in the study: 4
hours per day for 30 days and 1 hour per daydfaronths The effect of the new PEMF
device will be monitored by 3T MRI at the end of therapy and at 6 months after the end of

therapy.

OBJECTIVES OF THE STUDY

Primary objective: to evaluate by nuclear magnetic resonance imaging (NMR) the effect
of the newPEMFdeviceon cartilage damage present in the medial compartment of the knee
in subjects with earkgrade osteoarthritis.

Secondary objectiveto evaluate the effecf the newPEMFdeviceon pain resolution and

clinical scores of knee function in the two different treatment regimens.

STUDY DESIGN

Pilot interventional study with medical device.

The included patients will be divided into two distinct groups by treatmedality.
1. Group 1:new device aPEMF, 1 hour/day for 3 months;

2. Group 2:New PEMFdevice 4 hours/day for 1 month.
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STUDY SETTING

Patients will perform the treatment at home.

The device consists of a signal generator and an applicator, calted &he coil will be

placed on the knee, not necessarily in direct contact with the skin. The device operates by a

rechargeable battery, has a single on/off button, and is equipped with an hour counter to

assess patient compliance. Treatment WighnewPEMF therapydevicewill begin within

3-7 days after recruitment/baseline, lasting 1 hour/day for 3 months (Group 1) or 4 hours/day

for 1 month (Group 2).

PATIENT SELECTION CRITERIA

Inclusion criteria :

T

Males aged 2@5 years.

Body mass index, BMI < 35.

Subjects with KellgrefLawrence grade 2 osteoarthritis

Subjects with VAS at baseline O 2
Subjects with degree of varus O5A
Subjects with degree of valgus O5A
Absence of ligamentous pathology.

Subject willing to discontinue all long@nd shoHactingopioids (pills and/or patches).
Subjects willing to discontinue corticosteroids administered by any route except

intranasal spray and steroids containing ophthalmic solutions and antiasthmatics

Subjects who did NOT receive infiltration in the target knee

Exclusion criteria:

T
T

Patients with systemic inflammatory or neoplastic diseases

Arthroscopy of the target knee in the 12 months prior to enrollment.
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Subjects diagnosed with inflammatory arthritis (rheumatoid arthritis, gout, joint
infections, Lyme diseas8LE, etc.).

Subjects diagnosed with secondary arthritis (acromegaly, Charcot arthropathy,
hemochromatosis, Wilson's disease, ochronosis, anterior cruciate ligament injury)

Patients unable to sign informed consent

VARIABLES TO BE COLLECTED AND SOURCE

Primary outcome:

1 cartilage status at baseline and at fologvby T2mapping quantification system

obtained by 3 Tesla MRI.

Secondary outcomes:

1 detection at baseline and at follays of clinical scores for pain and joint function

that will be made the pant fill in during the followup visit.

CLINICAL AND INSTRUMENTAL ASSESSMENTS

To recruitment/baseline

T

Medical history

Objective examination

Nuclear Magnetic Resonance Imaging (MRI) 3 Tesla.

MRI analysis of the medial compartment of the knee will be performed with 3Tesla
MRI.

Clinical scales: VAS, KSS, Tegner Activity Score (TAS)

Registration of NSAID intake, and dietary supplements for cartilage maintenance.
Registration of other concomitartherapies (Physiotherapy, use of orthopedic

footplate)
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Upon completion of treatment with the new pemf device and at 6 months after the end
of treatment
1 Nuclear Magnetic Resonance Imaging (MRI) 3 Tesla.
1 MRI analysis of the medial compartment of the kngébe performed with 3Tesla
MRI.
1 Objective examination
1 Clinical scales: VAS, KSS, Tegner Activity Score (TAS)
1 Registration of NSAID intake, and dietary supplements for cartilage maintenance.
1 Recording of other concomitant therapies (Physiotheramytrinflammatory
infiltrative therapy, use of orthopedic footplate)

1 Patients' compliance with treatment

SAMPLE SIZE and STATISTICS.

The proposed study is a study to observe the health status of articular cartilage by
instrumental measurement 3T MRI withi2 mapping sequences in patients with
osteoarthritis of the knee before and after treatment with two different therapeutic regimens
of the newPEMF therapydevice.Bellisari F. et al. (La Radiologia Medica 2021) data
indicated that subjects with gradard 3 osteoarthritis treated with intdicular injections

of plateletrich plasma (PRP) had a T2 mapping score in the target compartment of 47.8 +
3.7 before treatment, which decreased to 43.5 £+ 3.9 at 12 months after PRP treatment. On
this basis, a sapte size of 10 subjects per group withmead postreatment T2 mapping

score measurements yields a difference of 4.3 points with a power of 83% in a design with
2 repeated measurements with a compound symmetry covariance structure, when the
standard destion is 3.8, the correlation between observations on the same subject is 0.500

and the alpha level is 0.050.
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ENLISTMENT PROCEDURE
Patients eligible for the study, will be included in the study after providing written informed
consent. No data collecticand procedure/analysis will be performed before the consent is

signed.

RANDOMIZATION

Patients, upon recruitment into the study protocol, will be divided through a block
randomization program (www.randomization.com) into two homogeneous groups of 10
patients each. Patients in group 1 will undergo treatmenhefmewPEMF device 1
hour/dayfor 3 months, patients in group 2 will undergo treatmeith the newPEMF
device 4 hours/day for 1 month.

In order to obtain two homogeneous groups, the following patient stratification criteria were

defined: age (20QageO30 and 30<age045

CONCEALMENT OF THE RANDOMIZATION LIST

To avoid systematic errors, the randomization center will be external and will exploit an
interactive (web) system for allocating patients to the two groups. Clinicians identify
patients, obtain consent, decide on enrolimengregydtient characteristics (age, and gender)
into a webbased software program, which automatically assigns the patient to the first useful
place on the list, in one of the two groups. The program returns a code (A/B) that corresponds

to a stimulator thathe clinician will use to stimulate that patient.

ENROLLMENT TIMELINE
Enrollment of patients will take place over am®nth period. Following enroliment, after
performing baseline data collection, patients will begin their assigned treatment protocol.

The treatment protocols under the study will last between 1 and 3 muahifesthe last
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clinical and instrumental followap will be performed at 6 months after the start of treatment.
For each patient in Group 1, the study will last 9 months. For each patient in Group 2, the
study will last 7 months. For each center, the stuidlyast 2 years from the date of approval

of the study protocol by its Ethics Committee, subject to reaching the total number of patients

to be enrolled.

DATA COLLECTION.

The patient's clinical data will be collected at the outpatient visit. If therpatas the
inclusion criteria and no exclusion criteria, he/she will receive proposal for enrollment.
Clinical examination and MRI baseline and at fokaps will be performed

A special data collection form will be used to collect the clinig@rmation and the results

of the analysis involved in the study.

A data collection form (Case Report For@RF) will be completed for each patient entered

into the study.
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6 Months

Day O Termination of
from the end
Evaluation Screening| Within 7 days| therapy
of therapy
of Screening | £ 15 days
+ 15 days
Informed Consent X
Inclusion/exclusion
X
criteria
Biographical data X
Medical history X
Concomitant
X X X X
medications
Objective examination g
X X X X
the knee
SEA X X X
Clinical Scales (KSS
X X X
Tegner Activity Score)
MRI X X X
Randomization X
EA monitoring X X
Patient compliance witl
X X
therapy
Withdrawal of the device X
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EVALUATION OF RESULTS USING STATISTICAL METHODS

Evaluation of the collected data will subsequently receive statistical evaluation by
investigators belonging to the centers participating in the study who were not involved in
enrollment and data collection from patients. The analysis of MRI images \w#riemed

by experienced radiologists blinded to the treatment group and the timing of the examination.
The MRI analysis will involve both quantitative analysis through the assessment of
relaxation times in T2 (T2 mapping) and qualitative morphologicalysis of cartilage. It

is also planned to collect information obtained from the VAS, KSS, TAS questionnaires and
on the use of NSAIDs for pain control.

A descriptive type analysis is planned on the collected variables: mean, median, standard
deviation ad range of variability for continuous variables, absolute counts and percentages
for categorical variables. Quantitative analysis of the abilitthefnewPEMF deviceto

change cartilage status will be performed by pair¢gil2d Student's t test on tabsolute

values of relaxation times at T2 in comparison with values measured at baseline. Further
statistical evaluations such as Pearson chi square test and Generalized Linear Mixed effects
Model will be applied to scores obtained from VAS, KOSS, TAS tipasaires and on the

incidence and amount of NSAID use.

ETHICAL PRINCIPLES.

The research protocol and related documents will be sent before the study begins to the
relevant authorities and ethics committee for approval. The responsible investigator will
ensure that the study is conducted in accordance with the Declaration okHal#ls most

current version (Fortaleza, October 2013), as well as with all national and international
regulations applicable to clinical research. The protocol has been written and the study will
be conducted according to the principles of 1GEP (ref

http//www.emea.eu.int/pdfs/human/ich/013595en.pdf).
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INFORMED CONSENT

Participation in the study is solely on a voluntary basis. Each potential participant will be
given a comprehensivexplanation of the conduct of the study at the baseline visit by the
orthopedist and will be given the opportunity to ask questions and have any concerns
answered. Each subject will be given explicit information regarding the nature of the project,
purposeinstrumentation used, and activities required, and will be required to sign a written
consent before being included. Sensitive data will be processed according to current
regulations by the study leader. In addition, participants may withdraw theirntdose
participate at any time without any consequences.

The protection of personal information provided by subjects will be carried out in accordance
with current legislation regarding the protection of personal data. In line with international
regulationgegarding data protection, the following measures will be taken:

Paper materials will be stored in dedicated locked cabinets that are not accessible to
unauthorized individuals;

At the coordinating center the questionnaires and all paper data will adtarée in digital

format at Clinic 2, with access allowed only with a password.

PRIVACY

All patients included in the study will be identified with a numeric code, so that sensitive
data will be made pseugmonymous andised in accordance with curreptivacy
regulations. Data will be kept by the investigator for as long as necessary for scientific
production.

In order to ensure the confidentiality of clinical trial data as stipulated in the applicable
national and European regulations, the data widdmessible only to the study sponsor and

its designees, for monitoring/auditing procedures, the investigator and collaborators, and the
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Ethics Committee of the center where the research is conducted and the relevant health
authorities.

The investigator ahthe Institute will allow access to source data and documentation for
monitoring, audit, Ethics Committee review, and Health Authority inspections, but

preserving confidentiality of personal data in accordance with current regulations

FINAL REPORT AND PU BLICATION OF RESULTS

The study leader, agrees to produce the final report, publish all data collected as described
in the protocol, and ensure that the data are reported responsibly and consistently.

In particular, the publication of data derived from this study will take place regardless of the
results obtained.

The transmission or dissemination of data, by way of scientific publications and/or
presentation at conferences conventions and semindrgkeiplace exclusively as a result

of the purely statistical processing of the same, or in any case in an absolutely anonymous

form.
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4.4 Conclusions

This project aimedb create amewmedicaldevice for home use that can generagpexific

PEMF, the signal of whichs capable ofpromoting cartilage regeneration. Most of the
scientific literature agrees on a beneficial effect of stimulation with PEMF in chondrocyte
proliferation andreatment of joint inflammatory processes. Preclinical stuzhagucted in
parallel with this project allow theidentification of specific electromagnetic signal
characteristics capable of stimulating cartilage regeneration. These signal paraaeters
been storeth the new medical device and will also be remotely updatable. In fact, the new
medicaldeviceis equipped with a Bluetooth communication module for connection with
smartphones to remotely control its functionality. The communication batite device

and theenterpriseserver will allow the device to be checked for proper operation and
electromagnetic field generation. This communication method will also allow new pulse
generation protocols to be transferred to the nonvolatile memonyinkethe device upo-

date. This mode of communication is absolutely innovative compared to devices currently
on the market and will allow, not only to control the device, but also to open the possibility
of feedback with the sportsman for the applicatainspecific treatments for different
anatomical sites. In addition, the safsessment forms available on the app will guide the
sportsman in choosing which treatment protocol to use.

The device is totally innovative, as to date there are various PEM&pthdevices on the
market, but none of them have proven effective in regenerating articular cartilage. The
device was basedon solid scientific results obtained from baih vitro and in vivo
experiments for the choice BEEMF parameters aimed at cartiagegeneration. The solid
scientific basis developed in the research centers will unequivocally distinguish the device
from the magnetotherapy devices available on the market today, promoting its adoption and

widespread use. The technology adopted maleeddhice specifically for personal use, and
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Bluetooth communication, through the smartphone, witrctimpanywill keep the device

controlled and updated accompanying the sportsman in his activities over time.
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5 DEGREE OF INNOVATION OF THE RESEARCH PROJECT

Cartilage injuriesmainly due to inflammatory diseasespresent the great challenge of the

last 20 years. Itis a pathology that increasingly affects the young and old due to the increased

practice of sports activities in every age grdsgpch injuries still represent an open challenge

for the orthopedic surgeon. More than 20 thousand knee cartilage reconstruction surgeries

are performed each year in Italy with a prevalence in thgs2&ge group. Although several

therapeutic strategies V& been developed in order to repair these injuries, the clinical

results are, to date, strongly conflicting. Cartilage injuries if not treated at an early stage lead

to the development of degeneration of the entire joint, osteoarthritis.

The articular cartilage for a long time was thought to be a tissue that is difficult to repair

oncedamaged, however, recently, t@ncept ofJoint Preservationhas evolved mainly in

response to the limitations of current technologies. Orthopedic surgeons arelgréytic

interested inJoint Preservatiohas a technique that can prevent and/or delay the onset of

osteoarthritis, with a view to expanding the spectrum of intervention to a stage where the

joint can be preserved.

To date, there are no medical devicesdulse cartilage regeneration on the national and

international market. The projeatvolved confirmation of preliminary results already

observed following stimulationvith PEMF on cellular activities that promote anabolic

activity on articular cartilage bigconstituting its integrity.

The results of thiprojectintroduceradical changem character

1 Scientific The present project enables the identification of cellular mechanisms
underlying cartilage regeneration processes and the effe®&MF stimulation on
regenerative activities.

1 Technological The new deviceés equipped with a remote control system through which

it will be possible to check its proper functionality and keep the devide-date. In
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addition, a Bluetooth mode of communicati(BLE) protocolhas been developehat

will allow the new device to be connected with smartphones.
1 Coagnitive the preclinical and clinical skills gained in this project will provide a wealth

of experience and knowledge that can be used in further studies
The changes brought abdhbtough this project led tilve development of a new product that
features bothetchnological and scientific innovation.
From a scientific point of viewthe preclinical results carried out in parallel with pnesent
projecthas showrmow the new device, through intracellular metabolic pathweaysinhibit
chondrocytesenescence andpoptosis, promote their proliferative activity, and finally
promote cartilage regeneration by jeresident synovial cell populations. These results will
enable the scientific partners in this project to become reference centers -gurgical
cartilage regeneration techniques, to develop innovative investigation techniques that can be
offered to other industrial clients for research purposes, and finally to become a clinical
reference for sports medicine.
The new devicés alsosupported by major teablogical innovation, new experimental and
clinical application development data. Preclinical activiiesszidethe solid scientific basis
necessary and indispensable for the success and acceptance of the new device. The target of
treatment with the newnedical deviceis articular cartilage exhibiting fissuring, surface
erosion, thickness thinning; basically all conditions framed in the early stages of cartilage
distresg(initial osteoarthritis) The modalities of application of the nemedicaldevice in
the main joint sites (knee, ankle, shoulderye been defingednd the frequency afeatment
sessionsvill be defined soon. Clinical work has ledtte development of usérendly self
assessment forms available through the mobile applicttadrwill guide the sportsman in
the use of the newedicaldevice.
The World Health Organization (WHO) has defined cartilage injuries as a group of diseases

with a high social impact due to their high incidence, large economic costs, and reduced
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quality of life. Cartilage injuries are also increasingly common in sports, where they mainly
affect athletes who engageimensivesports. Articular cartilage injuries are found in these
athletes with a frequency ranging from 36% to 50%, of which abot20% ae
asymptomatic.

These observations testify to the scale of the problem and the market opportunities that the
implementation of the newedicaldevice will offer. The device will be manufactured in

Italy and sold through-eommerce to an extremely widedience of users. The chosen
business model, sale of the device, is simplified compared to the current rental model,
resulting in lower operating costs per unit and the possibility of addressing foreign markets
through a "virtual company" without the need & complex structure as in Italy today.

The therapeutic solution is configured as a-@ffsictive solution that increases the value
and importance of the product. At the end of this project, CE certification of the medical
device, its industrializatiorand promotional activities in the field of "Sport Medicine" will

be planned with a view to release on the European market.

The introduction of the innovative medical device will enabke companyto set a new
worldwide benchmark in regenerating articutartilage damage.

The application methods of the new medical device will give the company a strong
competitive advantage in terms of performance, quality and level of service rendered to the
customer in the "Sport Medicine" sector. In fact, with thisguthe companyntends to
penetrate/rgosition itself in this market, increasing/consolidating its position for the-three
year periodafter the conclusion of the project.

Other interestsire based on the acquisition of knowledge and tools to improvgutiiy

of care and reduce the cost of health care spending in a field such as sports raedicine
associated joint disordewghich is increasingly relevant in today's society and set to grow

further in the near future.
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The newmedicaldevice will be usethy professional and amateur athletesspart of "Sport
Medicine." CONI estimates report that about 15 million individuals are involved in sports
activities in their spare time in Italy. The use of the nesdicaldevice will be promoted for
regenerationof early cartilage injuries and to preserve joint integrity as a whole. The
sportsman will be placed at the center of promotional activities through the personalization
of therapy made possible by the nexvedicaldevice thanks to the web tools made avédlab

This projectwill enable innovative and effective approaches to foreign markets. In
particular foreignoffices will be involved early in the promotion of the nevedicaldevice.

The development of the foreign market will lead to a radical change inusiness model,

no longer based on renting the device, but on selling it, monitoring its operation, and
constantly updating it via the Web.

The business plan calls for the development of procedures and hardware and software tools
necessary for-eommerceactivities that will also allow access to foreign markets.

Remote aftesales support and updating of the device will enable its international
deployment without having to implant a specific local technical facility in each country. The
business model tbe implemented will be promoted in both domestic and international
markets.

The development of online sales activity will be centered on a specific strategic digital
marketing plan that can be implemented throdgferent techniques of positioningnd
engaging potential targets in the different markets chosen.

Partnerships will be activated with sports clubs to convey and promote the therapeutic
proposal on the mass market mfofessional and amateur sportsmen and women, and
collaborative relationshipgith major top league sports clubs in football and other sports,
with their medical managers, staff and athletes successfully treated over the years. The new

medicaldevice will make it possible to maintain the functionality of articular cartilage over
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time, resulting in less demand for surgical procedures to restore joint function and thus an
economic benefit to the National Health System.

The strong scientific background and solid network of relationships with the main Italian
and foreign Key Opinion Leauds in the field of "Sport Medicine" will be the basis on which

to implement brand building strategiaad will allow to significantly expand the target
audience of potentialsers of the newnedical device,offering important new business

opportunities.
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