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significant impacts on athlete’s performance and individuals’ quality of life. Traditional
treatment options for rotator cuff injuries include physical therapy, surgery, medication and
rest. Unfortunately, these traditional treatments options provide limited success in tissue
regeneration and restoring function in the injured rotator cuff. Stem cell therapy has emerged
as a potential treatment for rotator cuff injuries, offering the promise of enhanced healing and

Received Date: 08-12-2023
Accepted Date: 25-12-2023
Published Date: 31-12-2023

functional recovery. This literature review aims to synthesize the current state of research on
stem cell therapy for rotator cuff injuries. The review encompasses a range of studies, including
clinical trials and animal case studies. The potential of Mesenchymal Stem Cells (MSCs) derived
from adipose tissue and other sources to promote tendon repair and mitigate muscle atrophy
and fatty infiltration is a central focus. Studies have explored various approaches, such as

n intratendinous injection of bone marrow derived MSCs, adipose-derived stem cells loaded with
fibrin gel and bone marrow stimulation. Overall, this literature review provides a
comprehensive overview of the current landscape of stem cell therapy for rotator cuff injuries,
highlighting both the progress made and the areas that require further exploration, as well as
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Introduction

Stem Cell Therapy
Stem Cell Therapy is a rapidly evolving field that is showing promising results for the treatment

of a variety of medical conditions [1]. Stem cells are unspecialized cells that have the ability to
differentiate or renew themselves [2]. They can differentiate into specialized cells or create new stem cells [2]. If they differentiate,
they become specialized cells with specific functions [3]. Stem cell therapy is extremely popular in regenerative medicine due to
the cells ability to be guided into specific cell types and its potential to repair or replace damaged tissues [1].

Stem cells come from a variety of different sources, including embryonic tissue, bone marrow, adipose tissue, etc [2]. Embryonic
stem cells are derived from embryos that are developed from eggs in an IV clinic [2]. Adult stem cells are found in a multitude
of organs and tissues throughout the body, such as the brain, bone marrow, cord blood, blood vessels, fat, skeletal muscle, skin,
teeth, heart, gut, liver, hair follicles, urine and amniotic fluid [2]. Induced Stem cells or iPCs, are adult stem cells that have been
reprogrammed to act like embryonic stem cells [2]. There are also different classifications of stem cells based on their ability to
differentiate. They can be classified as totipotent, pluripotent, multipotent, oligopotent and unipotent. Totipotent stem cells have
the ability to differentiate into any cell type and unipotent stem cells can only produce cells of their own type [2]. Pluripotent
stem cells can differentiate into almost any cell type, multipotent stem cells can differentiate into related cell types and
oligopotent stem cells can differentiate into a select few cell types [2].
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Stem cell therapy is designed to repair or replace damaged cells by using stem cells to promote the body's natural healing process
[1]. It is thought to involve the release of growth factors and cytokines to promote tissue regeneration and repair [1]. Stem cell
therapy is currently being studied as a potential treatment for a multitude of medical conditions, including osteoarthritis, heart
disease, neurological disorders, sports-related injuries, etc. Stem cell therapy is showing great promise in regenerative medicine
and has the potential to treat a wide range of medical conditions.

Musculoskeletal System

The musculoskeletal system is composed of a network of muscles, tendons, ligaments and bones [4]. This complex network
provides support, stability and movement in the human body [5]. The musculoskeletal system allows people to perform daily
activities, participate in sports, physical activity and other recreational activities. The bones in the musculoskeletal system
provide support for body weight and also help keep the body in an upright position [5]. The muscles in the musculoskeletal
system, along with the bones, provide strength, stability and flexibility, enabling people to be able to move and maintain posture
[5]. Additionally, the cartilage, ligaments and tendons in the musculoskeletal system provide shock absorption and cushioning
that protect the joints and prevent injury [5].

The musculoskeletal system also provides essential functions in movement and mobility. Muscles contract and relax to produce
movement, allowing people to walk, run, jump, lift and perform other physical activities [5]. A joint is where two bones meet
and they allow for flexibility and range of motion for movement [5]. Overall, the musculoskeletal system is vital for overall
physical well-being. Exercise or physical activity helps to strengthen the muscles, bones and joints [5]. Strength in the
musculoskeletal system allows individuals to maintain balance and prevent falls, which is vital for older adults who are at higher
risk for injury [6]. Therefore, it is important to maintain the health and wellness of the musculoskeletal system through exercise,
physical activity and proper nutrition to prevent injury and maintain mobility throughout an individual's life [5].

Rotator Cuff Injuries

Injuries to the rotator cuff can occur in many ways but the most common are repetitive overhead movements, degeneration of
tendon due to wear and tear and falls or accidents [7]. Rotator cuff injuries are extremely common and become even more
prevalent with age [7]. In individuals with injuries at younger ages, it typically occurs from ball-throwing sports or repetitive
overhead motions in jobs [7]. Rotator cuff injuries can range from tendonitis to partial or full thickness tears [8]. There are partial,
complete, acute and degenerative tears that can occur in the rotator cuff [9]. A partial tear is classified when the tendon is
damaged but not completely torn, a complete tear on the other hand is where the attachment is completely severed and the
tendon is no longer attached to the humerus [9]. Acute tears occur due to trauma to the tendon from heavy lifting, falling or an
accident [9]. Degenerative tears are where the tendon has been worn down over time and is more likely as individuals age [9].
Rotator cuff tendonitis is the swelling or inflammation of the rotator cuff tendons and can be acute of chronic [10]. Acute
tendonitis typically occurs in athletes from direct hits to the shoulder, poor throwing technique or falls on the shoulder [10].
Chronic tendinopathy can be due to repetitive injury, vascular changes, age, sex, genetics and tensile forces [10]. Overall, the
injuries to the rotator cuff can range from mild to severe but without proper treatment can worsen.

Incidence and Epidemiology of Rotator Cuff Injuries in US

Injuries to the rotator cuff are common in the United States, especially in athletes and the elderly. Due to age-related changes
and tendon degeneration, rotator cuff injuries are highly common in the aged population [11-14]. Research has indicated that the
aging population is more susceptible to rotator cuff injuries because of weakening cuff tendons brought on by age-related
degeneration [12]. Furthermore, it is anticipated that as people age and become more active, the occurrence of rotator cuff injuries
would increase [14]. Additionally, the underlying causes of the high incidence of tendon-to-bone injuries caused by rotator cuff
strains in the older population remain a mystery [11].

When it comes to sports-related injuries, overhead athletes are particularly susceptible to rotator cuff tears, which can cause
chronic discomfort, joint dysfunction and impairments that limit their ability to participate in sports and frequently force them
to retire early [15]. Furthermore, research has indicated that muscle stiffness and weakness are associated with an increased risk
of developing rotator cuff tendinopathy in athletes who perform overhead [16]. In addition, rotator cuff injuries-which occur in
the articular part of the tendon and at the intersection of the supraspinatus and infraspinatus tendons-are common among
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athletes who play ball-throwing sports [17]. Moreover, strains have been reported in studies of sports athletes, particularly in the
recreational skiing and snowboarding community and rotator cuff injuries are known to come from falls [18]. The frequency and
epidemiology of rotator cuff injuries in the United States are impacted by age-related changes, tendon degradation and the sports
and activities that people participate in. Understanding the prevalence and risk factors associated with rotator cuff injuries is
crucial for developing effective prevention and treatment strategies for both the elderly population and athletes.

Etiology and Pathology of Rotator Cuff Injuries

Both extrinsic and intrinsic variables have a role in the complex genesis and pathophysiology of rotator cuff problems.
Subacromial and internal impingement, tensile overload and repeated stress are examples of extrinsic causes; poor vascularity,
changes in material characteristics, matrix composition and aging are examples of intrinsic factors [19]. The mechanical theory
has been put forth as the main explanation for rotator cuff tendinopathy, highlighting the part that mechanical elements play in
the condition's development [20]. Furthermore, rotator cuff tendinopathy in overhead sportsmen has been linked to muscle
stiffness and weakness, underscoring the significance of muscular strength in averting these injuries [16].

The distinct anatomical and biomechanical properties of the rotator cuff contribute to its pathology and injury and biomechanical
variables are also important in the etiology of rotator cuff pathology [21]. Moreover, a variety of external stressors can cause the
rotator cuff tendon to be overworked and overstretched, which can lead to traumatic tears. This multifaceted etiology of chronic
rotator cuff tears includes both extrinsic and intrinsic components [22]. Furthermore, genetic predisposition has been linked to
the development of rotator cuff tears, emphasizing the involvement of genetics in the pathophysiology of the rotator cuff [23].
The pathology of rotator cuff injuries is often related to specific activities, such as overhead sports, where overload and internal
momentum can cause injuries to the supraspinatus muscles and injuries to the anterior and posterior labrum of the anterior and
posterior humerus [24]. In addition, rotator cuff injuries are known to occur as a result of falls, particularly in recreational skiing
and snowboarding, highlighting the impact of traumatic events on the development of these injuries [18]. A combination of
external and internal factors influences the etiology and pathology of rotator cuff injuries, including mechanical stress, muscle
weakness, genetic predisposition and specific activities.

Anatomy and Physiology of Rotator Cuff

Anatomy

The rotator cuff is made up of four different muscles, the subscapularis, supraspinatus, infraspinatus and teres minor [25]. These
four muscles work together to stabilize the shoulder joint and facilitate various movements. The supraspinatus muscle originates
from the supraspinous fossa of the scapula and attaches to the top portion of the humerus, also known as the greater tuberosity
[26]. The infraspinatus muscle and teres minor originate from the infraspinous fossa and attach to the middle and back of the
greater tuberosity [26]. Finally, the subscapularis muscle originates from the subscapular fossa and attaches to the lesser
tuberosity of the humerus [26]. All of these muscles contain tendons, with the subscapularis tendon being the largest of the four
and they all four attach to form the rotator cuff tendon and attach to the top of the humerus [26].

Physiology
The shoulder is a ball and socket joint [5]. The rotator cuff muscles work together to stabilize the glenohumeral joint and allow
rotation of the arm [26]. The supraspinatus muscle and deltoid muscle work in conjunction to allow the arm to be lifted away
from the body (abduction) [26]. The infraspinatus and teres minor muscles allow for the arm to rotate laterally [27]. Lastly, the
subscapularis muscle is responsible for the medial rotation of the arm and helps keep the humerus in place in the glenohumeral
joint [27].

Stem Cell Therapy in Rotator Cuff Injuries Overview

Stem cell therapy can be used to help regenerate tissue or replace damaged tissues. Stem cell therapy is a promising treatment
option for rotator cuff injuries. The goal is to generate the body's natural healing response by introducing stem cells to the injured
area. This can be very beneficial for athletes who are eager to return to play because the healing process has been found to be
shorter than in standard treatment options. In just a single clinical trial, the implantation of mesenchymal stem cells after the
repair of rotator cuff tears displayed significant improvements in healing rates [28]. In rotator cuff tears, stem cell therapy has
been shown to improve healing at advanced rates and improve the quality of healing after surgery, allowing patients to return
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to normal activities sooner [28]. It has also prevented retears for up to ten years after the repair [28]. While there is a lot of
potential in stem cell therapy for rotator cuff injuries, there is still a need for more research.

Summary of Objectives

The major goal of this paper is to investigate current literature on stem cell therapy in rotator cuff injuries and its use of them to
treat them. The objective is to provide an overview of the potential benefits of stem cell therapy for treatment of rotator cuff
injuries and to also explore the limitations and risks associated with this treatment. This paper aims to provide a better
understanding of the current state of literature on stem cell therapy for rotator cuff injuries in hope of stimulating further
research.

Discussion

Causes and Types of Injuries

A rotator cuff injury is typically caused by overuse, trauma or degeneration [29]. This can occur in sports or everyday activities.
It can be torn by repetitive overhead movements that are common in sports like tennis, baseball or swimming [29]. It can also be
caused by people who tend to lift heavy objects or reach overhead a lot [29]. There are two types of rotator cuff injuries, including
tendonitis and tears [30]. There are acute tears and degenerative tears, acute tears typically happen due to a sudden event and
can occur in conjunction with other injuries, such as a broken collarbone or dislocated shoulder and degenerative tears often
occur due to wear and tear with age and repetitive stress [31]. The rotator cuff can be partially or completely torn. A partial tear
is one where the tear has not extended all the way through the tendon [32]. A complete tear is one where the rotator cuff is
entirely detached from the humerus [31].

Symptoms and Diagnosis

Rotator cuff injuries can present with a variety of symptoms, including shoulder pain during rest and movement, limited range
of motion due to joint and muscle stiffness and arm weakness [31]. Night pain, although not exclusive to rotator cuff tears, is
commonly associated with shoulder impingement symptoms [33]. Athletes may face significant challenges in returning to sports
after rotator cuff injuries, but some cases have reported successful outcomes following rotator cuff repair [34]. These injuries can
manifest as a range of lesions, from tendinopathy to partial- or full-thickness tears [35].

Diagnosing rotator cuff injuries typically involves a combination of clinical evaluation and imaging studies. Clinical tests like
the empty and full can tests are commonly used for the initial assessment of rotator cuff tears [36]. Researchers have also explored
the predictive value of individual anatomical measurements of the scapula in diagnosing rotator cuff injuries [37]. Imaging
modalities such as ultrasound and Magnetic Resonance Imaging (MRI) are crucial for diagnosis, with ultrasound showing
promise in assessing muscle injuries and acromioclavicular joint pathology [38]. MRI, extensively utilized for evaluating rotator
cuff tears, has been subject to studies examining its diagnostic accuracy and comparing it to the added value of ultrasonography
[39]. Comparisons between ultrasonography and MRI underscore the significance of accurate imaging for making diagnostic
and management decisions. Nevertheless, diagnosing rotator cuff tears remains challenging based on patient characteristics,
symptoms and physical examination findings, largely due to a lack of sufficient data.

Traditional Treatment Options

Rotator cuff injuries can be treated non-surgically and surgically. Typical initial treatment is non-surgical and involves rest,
activity modification, non-steroidal anti-inflammatory medication, physical therapy and injections [31]. Injections can range from
cortisone injections, platelet-rich plasma and prolotherapy [40]. Cortisone injections are typically just used for pain management,
while platelet-rich plasma and prolotherapy are used to promote healing [40]. Platelet-rich plasma injections try to promote
healing in the injured tendon [40]. Prolotherapy involves several injections that contain irritants to stimulate inflammation and,
in the hope, stimulate healing [40]. Platelet-rich plasma injections and prolotherapy do require several injections to promote
healing, but platelet-rich plasma is still being researched [40]. Physical therapy is also used to help restore function in the shoulder
with tendonitis or partial thickness tears [40]. Rotator Cuff tendonitis can be treated through surgery if symptoms persist through
an arthroscopy [41]. There are multiple surgeries for rotator cuff tear repairs depending on the severity of the tear [40]. There is
an arthroscopic repair where the surgeon inserts an arthroscope through small incisions in the shoulder and sews the torn tendon
back together [41]. An open repair is typically performed when the tear is large and complex; the surgeon will make a large
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incision and part the deltoid muscle to get a better visual and then perform the repair by reattaching the tendon to the bone [41].
There is also a mini-open repair procedure where the surgeon will make a smaller open incision and use arthroscopy to determine
the extent of the damage and then the surgeon will repair the damage to the tendon through the small incision instead of using
the arthroscopy to repair the damage [41]. After surgery of either a tear of tendonitis, the patient will go through physical therapy
and be given medication to help relieve pain [41].

Reasons Traditional Treatment Options are Ineffective

Traditional treatment options for rotator cuff injuries, including non-surgical and surgical approaches, have limitations that
contribute to their ineffectiveness. Non-surgical treatments, such as NSAIDS, injections and physical therapy may provide
symptomatic relief but often do not address the underlying pathology of the rotator cuff. The rotator cuff has limited regenerative
capacity due to the poor vascularization of the tendon tissue, which can hinder the effectiveness of non-surgical treatments [42].
Additionally single injections of platelet-rich plasma may not have sufficient therapeutic effect on rotator cuff lesions, limiting
the efficacy of this treatment modality [43].

Surgical options, including open or arthroscopic repair, have shown good clinical outcomes in terms of pain relief, range of
motion and strength. However, surgical repair does not fully address the underlying degenerative changes in the rotator cuff,
such as fatty infiltration and muscle atrophy, which can progress despite treatment [44]. The development of fatty infiltration
and atrophy after rotator cuff injury may limit the effectiveness of traditional treatment options, as these pathologies are
challenging to reverse [45].

In addition, after rotator cuff repairs there is a 13-94% occurrence of retears and are extremely common following repair [46].
The degenerative changes of the rotator cuff were seen to influence the effectiveness of rotator cuff repairs which contributes to
the poor functional outcomes and the occurrence of reruptures [47]. Moreover, the unique response of the rotator cuff to injury,
as well as the progression of fatty degeneration after rotator cuff injury, may explain the poor outcomes of rotator cuff tears
compared to other muscle-tendon injuries, highlighting the challenges in effectively managing these injuries [48].

The limitations of traditional treatment options for rotator cuff injuries underscore the need for more effective therapeutic
modalities that can address the underlying degenerative changes, promote tissue regeneration and improve long-term functional
outcomes. Stem-cell based therapies and tissue engineering may offer promising alternatives to traditional treatments by
targeting the regenerative capacity of the rotator cuff and addressing the complex pathophysiology of these injuries.

Stem Cell Therapy in Rotator Cuff Injuries

Stem cell therapy, particularly using mesenchymal stem cells (MSCs), has emerged as a promising approach for treating rotator
cuff tears. Clinical trials have predominantly utilized bone marrow derived MSCs, which have demonstrated anti-inflammatory
potential when differentiating into mesodermal tissue [49]. In these trials, MSCs were delivered to the site of the rotator cuff tear
through injections, showing significant promise in enhancing tendon healing and preventing retearing.

One clinical trial involving 14 patients with rotator cuff tears investigated the efficacy of bone marrow aspirate concentrate
injected into the tendon and bone following acromioplasty and tendon repair [50]. Postoperatively, patients showed substantial
improvements, with 13 out of 14 patients experiencing no retear after a year, a significant outcome given that retears typically
occur within the first year after surgery [50]. Another trial involving 90 patients receiving bone marrow derived MSCs at the
time of arthroscopy for rotator cuff repair demonstrated remarkable results [28]. At the ten-year follow-up, 87% of patients
injected with MSCs had intact rotator cuffs, compared to only 44% of the control group, highlighting the potential of MSC
injection in enhancing rotator cuff healing and preventing retearing [28].

In contrast, traditional treatment options for rotator cuff tears, such as rest, physical therapy and surgery, have shown limited
long-term recovery and high retear rates [28]. Stem cell therapy, particularly MSC injection, has demonstrated effectiveness in
preventing retearing and enhancing the healing rate for patients with rotator cuff tears [28]. While further research is needed,
the promising outcomes of MSC injection in enhancing rotator cuff healing underscore the potential of stem cell therapy as a
valuable treatment option for these injuries.
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Most Effective Type of SCT of Rotator Cuff Injuries

Based on the provided references, Mesenchymal Stem Cells (MSCs) emerge as the most effective type of stem cell for the
treatment of rotator cuff injuries. MSCs have been widely studied and utilized in clinical trials for their regenerative potential
and therapeutic properties. MSC’s are known for their accessibility from multiple tissues, anti-inflammatory characteristics,
secretion of trophic factors and differentiation abilities [51]. Bone marrow derived MSCs have been particularly prominent in
studies aimed at improving the treatment of rotator cuff tears with stem cell therapy. These cells have demonstrated the ability
to differentiate into multiple mesenchymal tissues, making them a promising candidate for regenerative medicine [51].

Clinical trials have provided compelling evidence of effectiveness of MSCs in enhancing the healing of rotator cuff injuries [28].
Studies have shown that patients injected with bone marrow derived MSCs experienced significant improvements, with a high
percentage of patients showing complete healing and intact rotator cuffs at follow-up assessments [28]. Furthermore, the injection
of MSCs has been associated with enhanced tendon healing and prevention of retearing in patients with rotator cuff injuries [28].
The regenerative potential of MSCs has been demonstrated in animal models, where bone marrow derived MSCs were injected
and increased muscle mass in the supraspinatus muscle of the rotator cuff [52]. Additionally, the use of MSCs has shown promise
in enhancing the healing of the rotator cuff and preventing retearing, offering a potential alternative to traditional treatment
options [28].

In conclusion, based on the available evidence, mesenchymal stem cells, particularly bone marrow derived MSCs, have
demonstrated significant promise in the treatment of rotator cuff injuries. Their regenerative potential, anti-inflammatory
properties and ability to enhance tendon healing make them the most effective type of stem cell for addressing rotator cuff
injuries. Further research and larger clinical trials are needed to fully understand the effects of MSC therapy in rotator cuff
healing, but the current evidence suggests that MSCs hold significant potential as a therapeutic tool in regenerative medicine.

Animal Studies

Animal studies conducted using stem cell therapy in rotator cuff injuries have provided valuable insights into the regenerative
potential of various stem cell types. MSCs have been the primary focus in these studies, demonstrating promising outcomes in
enhancing tendon healing and preventing retearing. In a rodent animal model, bone marrow derived mesenchymal stem cells
were delivered in a fibrin glue carrier to enhance regeneration of the supraspinatus tendon [53]. At around 4 weeks there was
more fibrocartilage present at the insertion site as well as improved biomechanical strength [53].

Another study investigated an engineered tendon-fibrocartilage-bone composite revitalized through a cell sheet full of bone
marrow derived MSCs to repair the rotator cuff in canines [54]. At around 6 weeks there was seen to be enhanced structure of
the rotator cuff, collagen organization, fibrocartilage and biomechanical strength [54]. In a rabbit animal study, polyglycolic acid
sheets embedded with MSCs were used to reconstruct tears in the infraspinatus tendon of the rotator cuff [55]. The bone marrow
derived mesenchymal stem cells were able to promote enhanced healing of the regenerated tendon and able to regenerate the
tendon belly and tendon-bone insertion with better tensile strength than the control group [55]. In another study conducted, rats
with rotator cuff tears underwent repairs and fibrin glue with human MSCs was applied at the repair site [56]. Within the first
two weeks there was enhanced biomechanical strength, improved collagen organization and increased fibrocartilage formation
[56]. Overall, animal studies have provided valuable insights into the regenerative potential of MSCs in the context of rotator
cuff injuries. These studies have demonstrated the ability of MSCs to promote healing, prevent retearing and accelerate the
restoration of tensile strength in animal models, highlighting the potential of MSC therapy as a promising treatment modality
for rotator cuff injuries.

Human Clinical Trials

One clinical trial had 14 patients with rotator cuff tears; these patients underwent an acromioplasty to allow for more subacromial
space, then the tendon was repaired and the bone marrow aspirate concentrate was injected into the tendon and bone [50]. After
the repair and injection, patients had to wear a sling for four weeks and then physical therapy began after the four weeks [50].
Preoperatively the patient's UCLA scores were at a mean of twelve and postoperatively they were at a mean of 31 showing great
improvements [50]. 13 out of the 14 patients did not experience retear after a year, which typically occurs in the first year after
surgery [50].
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A clinical trial with 182 patients studied the effects of an injection of adipose-derived MSCs in fibrin glue during arthroscopic
repair of the rotator cuff [57]. Of the 182 patients 35 received the injection [57]. The patients were evaluated based off pain scales,
range of motion, UCLA shoulder rating scale and MRI assessments a year or more after surgery [57]. There were no significant
differences in the pain scales, range of motions or UCLA assessments, but there in MRI assessments was a lower occurrence of
retears in the injection group versus the control group [57].

One clinical trial of 111 patients with chronic full-thickness rotator cuff tears investigated bone marrow stimulation during
arthroscopic repair [4]. Forty-four patients underwent the arthroscopic surface holding procedure with Bone Marrow
Stimulation (BMS) where 4-6 holes were drilled into the humerus footprint while the other 67 patients only underwent the
arthroscopic surface holding procedure [4]. The goal of the bone marrow stimulation was to stimulate migration of the bone
marrow derived MSCs [4]. Postoperatively patients had to use abduction pillows for 6-8 weeks, they went through a
rehabilitation program starting two weeks after their surgery and active elevation was permitted after 8-10 weeks [4]. After 6
months or more the patients were allowed to resume heavy work or sports after an assessment of their muscle strength and
range of motion [4]. They found that retears were less common in those treated with BMS than those without [4]. In a similar
trial of 124 patients with full-thickness rotator cuff tears, 57 patients had an arthroscopic repair with multiple channeling and 67
just had the repair [58]. This clinical displayed similar results as the prior one, the patients with multiple channeling showed a
lesser chance of retears than the control group [58].

Another clinical trial had 90 patients, 45 in the control group and 45 receiving the bone marrow-derived mesenchymal stem cells
at the time of arthroscopy for rotator cuff repair [28]. The tears in the patient's tendons ranged from 1.5 to 3.5cm, the patient's
tear could not extend to other tendons and the tear had to be repaired with an arthroscopy to be included in the trial [28]. The
MSCs were injected into the tendon (4mL) and into the bone (8mL), with each patient receiving a total of 12mL of the bone
marrow concentrate [28]. The patients received, on average, 51,000 stem cells in their injection [28]. At one-week post-op, patients
had to wear an arm sling; at six weeks, active range of motion exercises began; at eight weeks, patients started active resistance
muscle strengthening exercises; from two to three months, patients could perform light daily activities and manual labor or
sports activity were reintroduced after six months [28]. The patients had follow-ups every month for 24 months with ultrasound
and MRI at 3 and 6 months, one and two years and ten years [28]. Injection of bone marrow-derived mesenchymal stem cells to
enhance healing in the rotator cuff does show significant promise in tendon healing, but further research is needed [28]. Larger
clinical trials are needed to fully understand the effects of stem cell therapy in rotator cuff healing. However, there was enhanced
healing in the rotator cuff after the injection of MSCs [28].

Clinical Trial Results

The first clinical trial revealed through the preclinical trial that there was potential for using MSCs to promote healing and repair
of the rotator cuff, because 13 out of the 14 participants did not experience a retear after injection of the bone marrow
mononuclear cells [50]. Another clinical trial displayed similar results in a much larger clinical trial where patients who were
injected with adipose derived mesenchymal stem cells also saw a decrease in retear rates compared to those who did not receive
the injection [57]. In these two clinical trials [4][58], there was a different approach to stem cell therapy because they were not
directly injected, but instead stimulated by drilling into the humerus to stimulate migration of bone marrow derived MSCs to
promote healing from the rotator cuff repair. These two trials both saw lower occurences in retears in the patients who had BMS.
In the clinical trial performed by Hernigou et al 2014, there were significant results yielded that could potentially influence larger
more influential clinical trials. 100% of the patients that were injected with MSCs were healed by six months [28]. At the ten-year
follow-up, 87% of patients injected with the MSCs had intact rotator cuffs and only 44% of the control group had intact rotator
cuffs after the ten-year follow-up [28]. They found that when patients were injected with more than 30,000 MSCs, they had healed
more than 2 cm over the footprint at three months; if the patient received less than 30,000 MSCs, they needed four months or
more to achieve the same degree of healing and patients who did not receive the MSC injection did not reach 2 cm of healing for
at least six months [28]. There were significant improvements in the rate of tendon healing and prevention of retearing [28].

Future Directions

Stem cell therapy is so versatile and can be used in treating various medical conditions. More research can be done to improve
our understanding of how stem cells differentiate and interact with other cells in the body. Also, more research can be done to
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develop new stem cell sources to see which one is most effective in clinical applications. Stem cell delivery and administration
can be further researched to better understand the best way to administer stem cells that proves most effective. Also, combination
therapies, where stem cells are combined with other treatments, can be further researched to see if they enhance the regenerative
potential of stem cells. Stem cell therapy has the potential to be applied in a wide range of clinical settings, including sports
medicine, orthopedics, neurology, cardiology and more. As research continues, stem cell therapy could become a standard
treatment option for many injuries and diseases.

While stem cell therapy does hold great promise, there are also challenges that must be addressed, such as safety concerns,
regulatory issues, cost and ethical concerns. There is still a lot that is unknown about the safety of stem cell therapy in the long
term. As stem cell therapies become more widely used, clear regulations will be needed to ensure that they are being used safely
and effectively. Since stem cell therapy is known to be expensive, it may limit access to some patients. There are ethical concerns
regarding the use of embryonic stem cells. Despite these challenges, stem cell therapy shows great promise as a treatment option
for a multitude of injuries and diseases. With continued research and development, stem cell therapy is likely to become an
important aspect of the field of medicine.

Cost

While the potential of stem cell therapy for rotator cuff injuries is evident, the cost of such therapies is an important consideration.
Stem cell therapy can cost anywhere from $5,000 to $50,000 [59]. There are many different prices for different types of stem cell
therapy but typically with orthopedic conditions it is lower ranging from $5000 to $8000 and can be used in rotator cuff tend onitis
[59]. The cost can be influenced by the condition being treated, the type of stem cells, how many cells a person is receiving, the
quality of the cells and the source of the stem cells [59]. Dr. Verma charges $3000 for stem cell therapy in rotator cuff tears [60].
The cost is of concern because stem cell therapy is still considered experimental, so it is not covered under insurance and is
extremely variable by clinic and doctor [59].

Ethical Concerns

With all developments in medicine there is concerns that come up regarding the new form of treatment. Stem cell therapy does
bring forth a few ethical concerns. One of the primary ethical concerns is related to the source of stem cells, embryonic stem cells
in particular have raised debates due to the destruction of embryos for their extraction [61]. There is also an ethical concern in
stem cell therapy due to the limited research and lack of long-term research to determine the safety of stem cell therapy in years
to come [62]. There are also ethical concerns regarding rejection and tumor development [63]. Despite these concerns, stem cell
therapy shows great promise as a treatment option for a multitude of injuries and diseases. With continued research and
development, stem cell therapy is likely to become an important aspect of the field of medicine.

Summary of Objectives and Findings

This paper’s primary objective was to review current literature on stem cell therapy in rotator cuff injuries and its application to
the treatment of them. The goal was to outline the possible advantages of stem cell therapy for these injuries while simultaneously
examining the drawbacks and dangers of the procedure. In order to encourage additional study, this publication should have
given readers a better understanding of the current state of the field of stem cell therapy for rotator cuff injuries. Stem cell therapy
has shown great promise as a treatment option for rotator cuff injuries. Stem cells have the potential to promote tissue
regeneration, enhance healing rates and reduce pain in patients. However, stem cell therapy is still a developing field with limited
research and there are challenges. Nevertheless, with more research stem cell therapy could become a common treatment option
for rotator cuff injuries.

Importance of Continued Research

Continued research in stem cell therapy for rotator cuff injuries is important due to the potential of stem cells to revolutionize
the treatment of such injuries. Rotator cuff injuries pose a significant challenge and existing treatment options typically fall short
in achieving sustained healing [48]. Stem cells have shown promise in enhancing the healing process of rotator cuff injuries.
Studies have illustrated that stem cell therapies can accelerate the restoration of tensile strength of tendons and alleviate the
progression of rotator cuff injuries [64]. The regenerative potential of stem-cell based therapies has been underscored,
emphasizing the need for further clinical research in this area [65]. In human clinical trials it was found that there were enhanced
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rate of tendon healing and decreases in the occurrence of retearing [28]. There is an important need for increased research because
although human clinical trials have shown promising results, they have limited participants and limited long term results. The
continued research in stem cell therapy for rotator cuff injuries holds immense promise for advancing the treatment of these
injuries. The diverse approaches and significant findings from various studies underscore the importance of further exploration
and development of stem cell-based therapies for rotator cuff injuries.

Conflict of Interest
The authors have no conflict of interest to declare.

References
1. Cona LA. Stem cell therapy: A comprehensive overview. RSS. 2023. [Last accessed on: December 25, 2023]
https://www.dvcstem.com/post/stem-cell-therapy

2. Brazier Y. Stem cells: Sources, types and uses. Medical News Today. 2023. [Last accessed on: December 25, 2023]
https://www.medicalnewstoday.com/articles/323343

3. Mayo Clinic Contributors. Answers to your questions about stem cell research. Mayo Clinic. 2022. [Last accessed on:
December 25, 2023]
https://www.mavyoclinic.org/tests-procedures/bone-marrow-transplant/in-depth/stem-cells/art-
20048117#:~:text=Stem %20cell%20therapy%2C%20als0%20known,which%20are %20limited %20in%20supply

4. Taniguchi N, Suenaga N, Oizumi N, Miyoshi N, Yamaguchi H, Inoue K, et al. Bone marrow stimulation at the footprint of
arthroscopic surface-holding repair advances cuff repair integrity. ] Shoulder and Elbow Surg. 2015;24(6):860-6.

5. Cleveland Clinic medical professional. Musculoskeletal system: Arthritis, lower back pain, bones, Muscles. Cleveland Clinic.
2020. [Last accessed on: December 25, 2023 ]
https://my.clevelandclinic.org/health/articles/12254-musculoskeletal-system-normal-structure--
function#:~:text=What%?20is%20the%20musculoskeletal %20system,posture%20and %20help%20you%20move

6. Villa-Forte A. Introduction to the biology of the musculoskeletal system - bone, joint and Muscle Disorders. Merck Manuals
Consumer Version. 2023. [Last accessed on: December 25, 2023]

https://www.merckmanuals.com/home/bone,-joint,-and-muscle-disorders/biology-of-the-musculoskeletal-

system/introduction-to-the-biology-of-the-musculoskeletal-system

7. Mayo Clinic. Rotator cuff injury. 2023. [Last accessed on: December 25, 2023]
https://www.mayoclinic.org/diseases-conditions/rotator-cuff-injury/symptoms-causes/syc-
20350225#:~:text=Rotator%20cuff%?20injuries %20are%20most,incident%20during%20falls %200r%20accidents

8. May T, Garmel GM. Rotator Cuff Injury. In: StatPearls Treasure Island (FL): StatPearls Publishing. 2023.

9. Grillo J. Four types of rotator cuff tears: Symptoms and treatment options. Rothman Orthopaedic Institute. 2017. [Last
accessed on: December 25, 2023]
https://rothmanortho.com/stories/blog/rotator-cuff-tears

10. Varacallo M. Rotator cuff tendonitis. In: StatPearls Treasure Island (FL): StatPearls Publishing. 2023.

11. Jiang X, Wojtkiewicz M, Patwardhan C, Greer S, Kong Y, Kuss M, et al. The effects of maturation and aging on the rotator
cuff tendon-to-bone interface. FASEB journal: official publication of the Federation of American Societies for Experimental
Biol. 2021;35(12):e22066.

12. Wang SI. Management of the first-time traumatic anterior shoulder dislocation. Clin Shoulder and Elbow. 2018;21(3):169.

13. Savio A. Functional outcome of patients undergoing open rotator cuff repair. Int ] Res Orthop. 2020.

14. Plate JF, Brown PJ, Walters ], Clark JA, Smith TL, Freehill MT, et al. Advanced age diminishes tendon-to-bone healing in a
rat model of rotator cuff repair. The Am ] Sports Med. 2014;42(4):859-68.

15. Migliorini F, Asparago G, Cuozzo F, Oliva F, Hildebrand F, Maffulli N. Patient outcomes and return to play after arthroscopic
rotator cuff repair in overhead athletes: a systematic review. ] Orthop Traumatol. 2023;24(1):1-8.

16. Kwan CK, Ko MC, Fu SC, Leong HT, Ling SK, Oh JH, et al. Are muscle weakness and stiffness risk factors of the development
of rotator cuff tendinopathy in overhead athletes: A systematic review. Therapeutic Adv Chronic Dis.
2021;12:20406223211026178.

17. Carvalho CD, Cohen C, Belangero PS, Figueiredo EA, Monteiro GC, Pochini AD, et al. Partial rotator cuff injury in athletes:

https://doi.org/10.46889/JRMBR.2023.4305 https://athenaeumpub.com/journal-of-regenerative-medicine-biology-research/


https://doi.org/10.46889/JRMBR.2023.4305
https://athenaeumpub.com/journal-of-regenerative-medicine-biology-research/
https://www.dvcstem.com/post/stem-cell-therapy
https://www.medicalnewstoday.com/articles/323343
https://www.mayoclinic.org/tests-procedures/bone-marrow-transplant/in-depth/stem-cells/art-20048117#:~:text=Stem%20cell%20therapy%2C%20also%20known,which%20are%20limited%20in%20supply
https://www.mayoclinic.org/tests-procedures/bone-marrow-transplant/in-depth/stem-cells/art-20048117#:~:text=Stem%20cell%20therapy%2C%20also%20known,which%20are%20limited%20in%20supply
https://my.clevelandclinic.org/health/articles/12254-musculoskeletal-system-normal-structure--function#:~:text=What%20is%20the%20musculoskeletal%20system,posture%20and%20help%20you%20move
https://my.clevelandclinic.org/health/articles/12254-musculoskeletal-system-normal-structure--function#:~:text=What%20is%20the%20musculoskeletal%20system,posture%20and%20help%20you%20move
https://www.merckmanuals.com/home/bone,-joint,-and-muscle-disorders/biology-of-the-musculoskeletal-system/introduction-to-the-biology-of-the-musculoskeletal-system
https://www.merckmanuals.com/home/bone,-joint,-and-muscle-disorders/biology-of-the-musculoskeletal-system/introduction-to-the-biology-of-the-musculoskeletal-system
https://www.mayoclinic.org/diseases-conditions/rotator-cuff-injury/symptoms-causes/syc-20350225#:~:text=Rotator%20cuff%20injuries%20are%20most,incident%20during%20falls%20or%20accidents
https://www.mayoclinic.org/diseases-conditions/rotator-cuff-injury/symptoms-causes/syc-20350225#:~:text=Rotator%20cuff%20injuries%20are%20most,incident%20during%20falls%20or%20accidents
https://rothmanortho.com/stories/blog/rotator-cuff-tears

18.
19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

10

bursal or articular? Revista Brasileira De Ortopedia. 2015;50:416-21.

Lungren MP, Smith D, Carpenter JE, Hughes RE. Fall-related rotator cuff tears. ] Musculoskeletal Res. 2006;10(02):75-81.
Yamamoto A, Takagishi K, Osawa T, Yanagawa T, Nakajima D, Shitara H, et al. Prevalence and risk factors of a rotator cuff
tear in the general population. ] Shoulder Elbow Surg. 2010;19(1):116-20.

Leong HT, Fu SC, He X, Oh JH, Yamamoto N, Yung SH. Risk factors for rotator cuff tendinopathy: a systematic review and
meta-analysis. ] Rehabilitation Med. 2019;51(9):627-37.

Karas V, Wang VM, Dhawan A, Cole BJ. Biomechanical factors in rotator cuff pathology. Sports Medicine and Arthroscopy
Rev. 2011;19(3):202-6.

Yuan T, Qian H, Yu X, Meng J, Lai CT, Jiang H, et al. Proteomic analysis reveals rotator cuff injury caused by oxidative
stress. Therapeutic Adv Chronic Dis. 2021;12:2040622320987057.

Gwilym SE, Watkins B, Cooper CD, Harvie P, Auplish S, Pollard TC, et al Genetic influences in the progression of tears of
the rotator cuff. The J Bone Joint Surgery British Volume. 2009;91(7):915-7.

Muto T, Inui H, Ninomiya H, Tanaka H, Nobuhara K. Characteristics and clinical outcomes in overhead sports athletes after
rotator cuff repair. J Sports Med. 2017;2017.

Bilal RH. Rotator cuff pathology. Practice Essentials, Anatomy Pathophysiol. 2022. [Last accessed on: December 25, 2023]

https://emedicine.medscape.com/article/1262849-overview?reg=1#al4

Akhtar A, Richards J, Monga P. The biomechanics of the rotator cuff in health and disease—A narrative review. J Clin
Orthopaedics and Trauma. 2021;18:150-6.

Maruvada S, Madrazo-Ibarra A, Varacallo M. Anatomy, rotator cuff. StatPearls. 2023.

Hernigou P, Flouzat Lachaniette CH, Delambre ], Zilber S, Duffiet P, Chevallier N, et al. Biologic augmentation of rotator
cuff repair with mesenchymal stem cells during arthroscopy improves healing and prevents further tears: a case-controlled
study. Int Orthopaedics. 2014;38:1811-8.

Erickson, M. How do rotator cuff injuries occur? Sports Health. 2014. [Last accessed on: December 25, 2023]
https://www.sports-health.com/sports-injuries/shoulder-injuries/how-do-rotator-cuff-injuries-occur

Simons S, Roberts M. Patient education: Rotator cuff tendinitis and tear (Beyond the Basics). UpToDate. 2023. [Last accessed
on: December 25, 2023]

https://www.uptodate.com/contents/rotator-cuff-tendinitis-and-tear-beyond-the-basics

Athwal G, Armstrong A. Rotator cuff tears - orthoinfo - aaos. Ortholnfo. 2022. [Last accessed on: December 25, 2023]
https://orthoinfo.aaos.org/en/diseases--conditions/rotator-cuff-tears/

Cluett J. What is a partial tear of the rotator cuff? Verywell Health. 2022. [Last accessed on: December 25, 2023]
https://www.verywellhealth.com/what-is-a-partial-tear-of-the-rotator-cuff-2549766

Cohen SB, Towers JD, Bradley JP. Rotator cuff contusions of the shoulder in professional football players: epidemiology and
magnetic resonance imaging findings. The Am J Sports Medicine. 2007;35(3):442-7.

Iwata E, Shigematsu H, Inoue K, Egawa T, Sakamoto Y, Tanaka Y. Muscle weakness in the empty and full can tests cannot
differentiate rotator cuff tear from cervical spondylotic amyotrophy: pain provocation is a useful finding. The Open
Orthopaedics J. 2017;11:1081.

Zhao ], Yang S, Zhang Z, Zuo T, Yu ], Fan D. The predictive value of individual anatomical measurement of scapula in the
diagnosis of rotator cuff injury. 2023.

Li WF., Shakir T, Zhao Y, Chen T, Niu C, Wang Z. An evidence-based approach to assess the accuracy of MRI in diagnosing
rotator cuff tears: A systematic review and meta-analysis. IJ] Radiol. 2019.

Kobayashi T, Yamamoto A, Shitara H, Ichinose T, Takasawa E, Shimoyama D, et al. Surgeon-operated in-office
ultrasonography for the diagnosis of rotator cuff tears: A comparison with magnetic resonance imaging. Surgical Sci.
2013;4(09):6.

Selvaraj SS, Kiran Das S, Murthy N, Patil V, Hiremath R. Diagnostic accuracy of ultrasound vs. MRI in evaluation of rotator
cuff injuries. Int ] Radiol Diag Imag. 2019;2(02):92-5.

Jain NB, Fan R, Higgins LD, Kuhn JE, Ayers GD. Does my patient with shoulder pain have a rotator cuff tear? A predictive
model from the ROW cohort. Orthopaedic ] Sports Medicine. 2018;6(7):2325967118784897.

Erickson, M. Rotator cuff injuries: Initial treatment. Sports. 2014. [Last accessed on: December 25, 2023]
https://www.sports-health.com/sports-injuries/shoulder-injuries/rotator-cuff-injuries-initial-treatment

https://doi.org/10.46889/JRMBR.2023.4305 https://athenaeumpub.com/journal-of-regenerative-medicine-biology-research/


https://doi.org/10.46889/JRMBR.2023.4305
https://athenaeumpub.com/journal-of-regenerative-medicine-biology-research/
https://emedicine.medscape.com/article/1262849-overview?reg=1#a14
https://www.sports-health.com/sports-injuries/shoulder-injuries/how-do-rotator-cuff-injuries-occur
https://www.uptodate.com/contents/rotator-cuff-tendinitis-and-tear-beyond-the-basics
https://orthoinfo.aaos.org/en/diseases--conditions/rotator-cuff-tears/
https://www.verywellhealth.com/what-is-a-partial-tear-of-the-rotator-cuff-2549766
https://www.sports-health.com/sports-injuries/shoulder-injuries/rotator-cuff-injuries-initial-treatment

42.

43.

44.

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

62.

11

Athwal G, Armstrong A, Wiater M. Rotator cuff tears: Surgical treatment options - orthoinfo - AAOS. Ortholnfo. 2022. [Last
accessed on: December 25, 2023]
https://orthoinfo.aaos.org/en/treatment/rotator-cuff-tears-surgical-treatment-options/

Narayanan G, Nair LS, Laurencin CT. Regenerative engineering of the rotator cuff of the shoulder. ACS Biomaterials Science
Engineer. 2018;4(3):751-86.

Kesikburun S, Tan AK, Yilmaz B, Yasar E, Yazicioglu K. Platelet-rich plasma injections in the treatment of chronic rotator
cuff tendinopathy: a randomized controlled trial with 1-year follow-up. The Am ] Sports Medicine. 2013;41(11):2609-16.
Narvani AA, Imam MA, Godeneche A, Calvo E, Corbett S, Wallace AL, et al. Degenerative rotator cuff tear, repair or not
repair? A review of current evidence. The Annals of The Royal College of Surgeons of England. 2020;102(4):248-55.
Gumucio JP, Korn MA, Saripalli AL, Flood MD, Phan AC, Roche SM, et al. Aging-associated exacerbation in fatty
degeneration and infiltration after rotator cuff tear. ] Shoulder and Elbow Surg. 2014;23(1):99-108.

Mandaleson, A. Re-tears after rotator cuff repair: Current concepts review. J Clin Orthopaedics and Trauma. 2021. [Last
accessed on: December 25, 2023]

https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170498/

Melis B, DeFranco M, Chuinard C, Walch G. Natural history of fatty infiltration and atrophy of the clinical orthopaedics and
related research®. LWW. 2010. [Last accessed on: December 25, 2023]
https://journals.lww.com/clinorthop/pages/articleviewer.aspx?year=2010&issue=06000&article=00007 &ty pe=Fulltext

Davies MR, Ravishankar B, Laron D, Kim HT, Liu X, Feeley BT. Rat rotator cuff muscle responds differently from hindlimb
muscle to a combined tendon-nerve injury. ] Orthopaedic Res. 2015;33(7):1046-53.

Mora MV, Iban MA, Heredia JD, Laakso RB, Cuéllar R, Arranz MG. Stem cell therapy in the management of shoulder rotator
cuff disorders. World ] Stem Cells. 2015;7(4):691.

Ellera Gomes JL, Da Silva RC, Silla LM, Abreu MR, Pellanda R. Conventional rotator cuff repair complemented by the aid of
mononuclear autologous stem cells. Knee Surgery, Sports Traumatol, Arthrosc. 2012;20:373-7.

HanY, Li X, Zhang Y, Han Y, Chang F, Ding J. Mesenchymal stem cells for regenerative medicine. Cells. 2019.

Giilegyiiz MF, Macha K, Pietschmann MF, Ficklscherer A, Sievers B, Roflbach BP, et al. Allogenic myocytes and mesenchymal
stem cells partially improve fatty rotator cuff degeneration in a rat model. Stem Cell Reviews and Reports. 2018;14:847-59.
Gulotta LV, Kovacevic D, Montgomery S, Ehteshami JR, Packer JD, Rodeo SA. Stem cells genetically modified with the
developmental gene MT1-MMP improve regeneration of the supraspinatus tendon-to-bone insertion site. The Am ] Sports
Medicine. 2010;38(7):1429-37.

LiuQ, YuY, Reisdorf RL, Qi J, Lu CK, Berglund L], et al. Engineered tendon-fibrocartilage-bone composite and bone marrow-
derived mesenchymal stem cell sheet augmentation promotes rotator cuff healing in a non-weight-bearing canine model.
Biomaterials. 2019;192:189-98.

Yokoya S, Mochizuki Y, Natsu K, Omae H, Nagata Y, Ochi M. Rotator cuff regeneration using a bioabsorbable material with
bone marrow—derived mesenchymal stem cells in a rabbit model. The Am ] Sports Medicine. 2012;40(6):1259-68.

Degen RM, Carbone A, Carballo C, Zong J, Chen T, Lebaschi A, et al. The effect of purified human bone marrow-derived
mesenchymal stem cells on rotator cuff tendon healing in an athymic rat. Arthroscopy: The ] Arthroscopic Related Surg.
2016;32(12):2435-43.

Kim YS, Sung CH, Chung SH, Kwak SJ, Koh YG. Does an injection of adipose-derived mesenchymal stem cells loaded in
fibrin glue influence rotator cuff repair outcomes? A clinical and magnetic resonance imaging study. The Am ] Sports
Medicine. 2017;45(9):2010-8.

Jo CH, Shin JS, Park IW, Kim H, Lee SY. Multiple channeling improves the structural integrity of rotator cuff repair. The Am
J Sports Medicine. 2013;41(11):2650-7.

Cona LA. Stem cell therapy cost. RSS. 2023. [Last accessed on: December 25, 2023]
https://www.dvcstem.com/post/stem-cell-therapy-cost-
20204:~:text=On%20average%2C%20stem %20cell %20therapy,each%20(if%20using %20PRP)

Verma N. Stem cell therapy for rotator cuff tears: Stem cell rotator cuff repair: Chicago, Westchester, Hinsdale IL. [Last
accessed on: December 25, 2023]

https://www.sportssurgerychicago.com/regenerative-medicine/stem-cell-therapy-for-rotator-cuff-tears/

Volarevic V, Markovic BS, Gazdic M, Volarevic A, Jovicic N, Arsenijevic N, et al. Ethical and safety issues of stem cell-based

https://doi.org/10.46889/JRMBR.2023.4305 https://athenaeumpub.com/journal-of-regenerative-medicine-biology-research/


https://doi.org/10.46889/JRMBR.2023.4305
https://athenaeumpub.com/journal-of-regenerative-medicine-biology-research/
https://orthoinfo.aaos.org/en/treatment/rotator-cuff-tears-surgical-treatment-options/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC8170498/
https://journals.lww.com/clinorthop/pages/articleviewer.aspx?year=2010&issue=06000&article=00007&type=Fulltext
https://www.dvcstem.com/post/stem-cell-therapy-cost-2020#:~:text=On%20average%2C%20stem%20cell%20therapy,each%20(if%20using%20PRP)
https://www.dvcstem.com/post/stem-cell-therapy-cost-2020#:~:text=On%20average%2C%20stem%20cell%20therapy,each%20(if%20using%20PRP)
https://www.sportssurgerychicago.com/regenerative-medicine/stem-cell-therapy-for-rotator-cuff-tears/

12

therapy. Int ] Med Sci. 2018;15(1):36.

63. Lo B, Parham L. Ethical issues in stem cell research. Endocrine Rev. 2009;30(3):204-13.

64. Imran SA, M Hamizul M, Khairul Bariah AA, Wan Kamarul Zaman WS, Nordin F. Regenerative medicine therapy in
malaysia: an update. Front Bioengineer and Biotechnol. 2022;10:789644.

65. Chen HS, Su YT, Chan TM, Su Y], Syu WS, Harn HJ, et al. Human adipose-derived stem cells accelerate the restoration of
tensile strength of tendon and alleviate the progression of rotator cuff injury in a rat model. Cell Transplantation.
2015;24(3):509-20.

66. Randelli P, Randelli F, Ragone V, Menon A, D’Ambrosi R, Cucchi D, et al. Regenerative medicine in rotator cuff injuries.
BioMed Res Int. 2014;2014.

zknr HENAEUM
Journal of Regenerative Medicine & Biology Research

Publish your work in this journal

Journal of Regenerative Medicine & Biology Research is an international, peer-reviewed, open access journal publishing original research, reports, editorials,
reviews and commentaries. All aspects of stem cells maintenance, preventative measures and disease treatment interventions are addressed within the
journal. Medical experts and other researchers are invited to submit their work in the journal. The manuscript submission system is online and journal
follows a fair peer-review practices.

Submit your manuscript here: https://athenaeumpub.com/submit-manuscript/

https://doi.org/10.46889/JRMBR.2023.4305 https://athenaeumpub.com/journal-of-regenerative-medicine-biology-research/


https://doi.org/10.46889/JRMBR.2023.4305
https://athenaeumpub.com/journal-of-regenerative-medicine-biology-research/
https://athenaeumpub.com/journal-of-regenerative-medicine-biology-research/
https://athenaeumpub.com/journal-of-regenerative-medicine-biology-research/
https://athenaeumpub.com/submit-manuscript/

