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ABSTRACT

Introduction: Sport injuries, most of the time affect muscles, tendons, ligaments, cartilage
and bones and range from very mild to severe, prompting different therapeutic approaches.
Overuse is the most common cause of sports injuries and half of those injuries affect tendon,
tendon sheet and tendon insertion to the bone. The number of ligament injuries, particularly
anterior cruciate ligament (ACL) increasing. Aim: We were searching PubMed, Google Scholar
and Medline focusing on human clinical studies related to stem cell therapy for tendinop-
athies and ligament injuries. Considering small number of published articles, we accepted
papers with all level of evidence without following strict PRISMA guidelines. Results: The
number of studies related to ligament injuries is very low compared to tendon injuries. In hu-
man clinical trials there have been only a few studies published so far. In double blind ran-
domized control trial (RCT) Wang and coauthors combined allogenic precursor mesenchymal
stem cells (MPC) with hyaluronic acid (HA) and compared with hyaluronic acid alone in 17
patients underwent ACL reconstruction. Intensity of pain and quality of life were assessed by
Knee Injury and Osteoarthritis Outcome Score (KOOS) and SF-36v2 scores. A width of joint
space, volume of cartilage and bone were recorded by magnetic resonance imaging (MRI).
Moderate arthralgia and swelling were detected within 24 hours after the injection in 4 out
of 11 patients in the group receiving MSC+HA. In the group receiving only HA, there were no
adverse reactions. The signs of slowing down of regenerative process were presented on MRI
by preserving joint space and reducing degradation of cartilage volume. Conclusion: Clinical
application of MSCs for treatment of tendon and ligament injuries might be good alternative
option for athletes. Published clinical studies confirmed clinical improvement and integrity of
impaired tissues. However, RTCs are needed to confirm real potential of cell therapy and their
advantages comparing to other treatment options.
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1. INTRODUCTION

Professional and recreational sport practice is increasing but unfortunately
so is the rate of sports injuries as mentioned in many epidemiological studies
(1, 2, 3). Some injuries can cause serious impairment with prolonged pain
and functional restrictions. One example is secondary knee osteoarthritis,
common in retired football players reaching more than 27 percent (4). Aside
from medical consequences, the economic burden related to costs of conser-
vative treatment, surgery and rehabilitation is very high.

Sport injuries, most of the time affect muscles, tendons, ligaments, carti-
lage and bones and range from very mild to severe, prompting different ther-
apeutic approaches. Overuse is the most common cause of sports injuries
and half of those injuries affect tendon, tendon sheet and tendon insertion to
the bone (5). The number of ligament injuries, particularly anterior cruciate
ligament (ACL) increasing (6).

Standardized treatment including rest, ice, compression, elevation, short
course of pain modulators and anti-inflammatory medications provides relief
of symptoms without complete healing (7). It is known that poor vascular
supply of tendons and ligaments slows down healing processes and extends
time of full recovery. An injured player wants to return to sport as soon as
possible because prolonged rest has a detrimental effect on the body.

The concept of regenerative medicine attracts the attention of researchers
and clinicians offering a promising potential to regenerate the damaged tis-
sue rather than to alleviate symptoms. In the last 30 years it spread through-
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out the different medical specialties and recently it made
a strong advancement in sports medicine as well.

What is orthobiologics ?

Orthobiologics is a new term ascribed to the use of
different biological substances to promote better healing
of musculoskeletal conditions (8). Their effect is based
on mimicking of the body’s natural healing development
by stimulating the cascade of physiological reactions en-
suing after the injury. The process of regeneration is ex-
tremely complex and still not well understood. Some in-
juries heal spontaneously without specific interventions.
Others never heal even with intensive treatment be-
cause of limited regenerative potential. It is well known
that the healing of muscles is much faster than healing of
tendons or ligaments. The results of animal studies are
not always applicable to humans. Finally, many factors
like age, sex, general health, genetics, nutrition etc. have
an impact on healing outcome.

The most common biological substances used for
healing of skeletal system are mesenchymal stem cells
(MSC:s), blood derivates (Platelet rich plasma-PRP) and
recently, extracts of placenta. In this article we will focus
mainly on the effect of cell therapy, particularly mesen-
chymal stem cells on sports injuries.

Mesenchymal stem cells

Stem cells are undifferentiated cells with potential to
differentiate under certain conditions into other type
of cells. Theoretically, this allows them to regenerate
damaged part of the body and eventually to restore im-
paired functions. Contrary to previously held opinions,
the stem cells can be found in many tissues, raising the
question of most efficient source of cells.

Based on origin, stem cells can be classified as an em-
bryonic, fetal, adults and induced pluripotent (9). Con-
sidering their differentiation potential, they are defined
as a totipotent, unipotent, oligopotent, multipotent and
pluripotent. Embryonic cells can differentiate into all
germ layers; endoderm, ectoderm and mesoderm with
the ability to produce any type of cells. However, their
use is restricted due to ethical issues. It is confirmed that
they might have teratogenic effect. Collection of these
cells would result in a fatal effect on embryos (10, 11).

The most commonly used in clinical practice are adult
multipotent cells of mesenchymal origin. They are rec-
ognized among the other cells by identification of pro-
tein markers on their surface. Mesenchymal stem cells
(MSCs) have expressed following markers: CD29, CD44,
CD90, CD49a-f, CD51, CD73 (SH3), CD105 (SH2),
CD106, CD166, and Stro-1 and not expressed CD45,
CD34, CD14 or CD11b, CD79a orCD19 and HLA-DR.
Other features defining stem cells are adherence to plas-
tic and potential for self-renewal and differentiation.
(12).

MSCs are able to differentiate into mesodermal lin-
eage forming osteocytes, chondrocyte and adipocytes
(13). They are most commonly harvested from the pa-
tient’s own body (autologous cells), mainly from bone
marrow (pelvic area) and adipose tissue.

The concentration of stem cells in bone marrow is
very low, only about 0.001-0.01 % (14), as opposed to
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that in fat tissue where it ranged from 1-10% (15). With
aging it decreases even more. However, the other type of
cells existing in bone marrow or adipose tissue have also
a certain role in the healing process.

The mechanism of action of MSCs is very complex
and it is subject to intensive research. Different theo-
ries are proposed, none of which have been conclusively
supported. The initial hypothesis that undifferentiated
stem cells can migrate to the injured area, engraft them-
selves and start the process of differentiation is quite
simple to explain the complexity of cell communica-
tion with their environment and the role of different bio
molecules involved in this process (16). Considering the
short life of stem cells, it is unlikely that direct differen-
tiation is the main mechanism of action. Stem cells re-
lease cytokines, growth factors and extracellular vesicles
providing communication between cells through signal-
ing system. Aside from this, they activate the host stem
cells triggering their self-renewal and differentiation.
Stem cells have an immunomodulatory and anti-inflam-
matory effect. They suppress catabolic mediators (IL1,
TNFa. nitric oxide) and convert pro inflammatory M1
macroglobulin to immunosuppressive M2 by the action
of PGE2. Also, stem cells facilitate angiogenesis and pre-
vent apoptosis and fibrosis (17).

Effect of MSCs on sports injuries

The number of preclinical and clinical studies related
to the effect of cell therapy increasing. Different compo-
nents were used for therapeutic purpose; skin fibroblast,
tenocytes, chondrocytes and stem cells from different
sources. The route of applications was either direct in-
jections to the lesion or by using biomaterials (scaffold)
or as a part of surgical procedures. Most investigations
explore the effect on knee cartilage, but number increas-
ing for tendons and ligaments (17-28).

2. MATERIAL AND METHODS

We were searching PubMed, Google Scholar and
Medline focusing on human clinical studies related to
stem cell therapy for tendinopathies and ligament inju-
ries. Considering small number of published articles, we
accepted papers with all level of evidence without fol-
lowing strict PRISMA guidelines.

3. RESULTS

There were 1 RCT, 2 non RCTs and 8 non controlled
studies related to treatment of tendon injuries. The all
studies reported clinical improvement, and in majority
of them structural changes were verified by MRI and US
(Table 1).

The number of studies related to ligament injuries is
very low compared to tendon injuries. In human clinical
trials there have been only a few studies published so far.
In double blind randomized control trial (RCT) Wang
and coauthors combined allogenic precursor mesen-
chymal stem cells (MPC) with hyaluronic acid (HA)
and compared with hyaluronic acid alone in 17 patients
underwent ACL reconstruction. Intensity of pain and
quality of life were assessed by Knee Injury and Osteo-
arthritis Outcome Score (KOOS) and SF-36v2 scores.
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. . Source of - Level of
Authors Type of Injury  Study design MISCs Clinical Outcome Structural changes Follow up evidence
. . . On short term (15-30 days) RSr— .
Usuelliet  Achillestendi- RCT SVE better for SVF, mid term-6 MRI: no significant differ- 6months 1
al. (18) nopathy SVF versus PRP . ence
months, no difference
. . At mean follow up of
Steinetal.  Achilles tendon Case series BMAC + 29.7+6.1 months, nore 24 months 4
(19) rupture arthroscopy
rupture of tendon
Tate-Oliver .
K and Achilles Return to full activities US: tendon structure
' tendon- partial ~ Case series SVF + PRP become normal after 12 3-4years 4
Alexander . after 12 weeks
thickness tear months
RW (20)
. Reduced re tear in ASCs MRI: complete healing in
aKImZZYIS). et Feoatrator cuff ?:n I?/(;Isjsrt:g(()li ASCs group — 14.3 %, comparing  ASCs group 85.7% and in 21 months 3
' Py with control group -28.5%  control group 71.4%
Tendon intactin 87% in MRI and US: 100% healing of
Hernigou P.  Rotator cuff Non RCT- arthros- BMC BMC group versus to 44%  tendon in BMC group versus 10vears 3
etal. (22) tear copy versus BMC in control group after 10 67% in control group after 6 y
years months.
Pilot study:
Gomez E.et Rotator cuff BMMC added as BMMC Pain reduction and func- ~ MRI: tendon integrity More than 4
al. (23) complete tear  augmentation to tional improvement restored 12 months.
acromioplasty
Centeno Rotator cuff Hypertonic . .
Cl.etal. tear<1.5cm  Case series dextrose Ezlr?aﬁiuigsgniggtfunc- Ugatrg 2 4
(24) and 0A +PRP +BMAC P years.
Lee SY. et Lateral epicon- . A.SCS .ml?(ed Pain reduction and func-  US: structural defects
dyle tendinop-  Case series with fibrin o —-— 52 weeks 4
al. (25) tional improvement significantly decrease
athy glue
Moon YL.et Lateral anfj for . Arthroscopy  Pain reduction and func-  US: evidence of tendon
medial epicon-  Case series . L . 6 months 4
al. (26) dylitis with BMC tional improvement healing.
Sing A.etal. Lateral epicon- . BMC + N
7) dyliis Case series Lidocaine Functional improvement 12 weeks 4
Pas-
cual-Garri- ~ Patellatendi- ¢ cories Non expand- . - tional improvement Syears 4
doC.etal. nopathy ed BMC P y
(28)

Table 1. The effect of MSCs on tendons healing. Abbrevations: SVF — stroma vascular fraction, PRP — platelet rich plasma, BMAC — bone marrow
aspirate concentrate, BMC- bone marrow concentrate, ASCs- Adipose derived stem cells, BMMC-bone marrow mononuclear cells, UCLA-The

University of California Los Angeles shoulder score, OA- osteoarthritis.

A width of joint space, volume of cartilage and bone
were recorded by magnetic resonance imaging (MRI).
Moderate arthralgia and swelling were detected with-
in 24 hours after the injection in 4 out of 11 patients in
the group receiving MSC+HA. In the group receiving
only HA, there were no adverse reactions. The signs of
slowing down of regenerative process were presented on
MRI by preserving joint space and reducing degradation
of cartilage volume (29).

In another case series study Centeno and coauthors
investigated the effect of autologous BMC combined
with PRP on 29 patients with grade 1,2 and 3 ACL tear
with less than 1 ¢cm of retraction. After 36 moths 77%
of patients showed functional improvement followed by
MRI confirmed integrity of ligament (30).

4. DISCUSSION

Two systematic reviews published in 2017 and 2020
documented the positive therapeutic effect of orthobio-
logics on tendon injuries in humans. Clinical improve-
ment and in some studies structural changes detected by
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MRI and US were reported (31, 32). Positive effects were
maintained even 3 to 4 years after the treatment.

It is interesting that other type of cells injected into the
damaged tendon can also provide long term effect. Re-
searchers from Australia used tenocyte instead of stem
cells for treatment of lateral epicondylitis. Functional
and radiological improvement was confirmed in the pe-
riod up to 5 years (33). Another study confirmed that
dermal fibroblast can be used for treatment of patella
tendinopathy. Functional and morphological improve-
ment were observed 6 months after the treatment (34).
These results raised questions about the role and pos-
sible mechanism of action of other cells in the process
of regeneration of impaired tendons. The lack of com-
parative studies in this matter makes, thus far, inconclu-
sive any evidence of eventual advantages with regards to
stem cells.

We found only 2 studies investigating the effect of
MSCs on ACL injury. In both studies additional treat-
ment was combined with MSCs. The only one study was
RCT. In this study MSCs is combined with Hyaluronic
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acid. In other study patients received MSCs, dextrose
and PRP injections. Clinical and MRI improvement was
documented in both studies, but it is unclear what was
the particular and unique effect of MSCs.

Most published articles are without control group so
it is difficult to conclude whether treatment by MSCs
alone is more efficient than other therapeutic modalities
traditionally applied.

Future research must focus on selection of most suit-
able sources of MSCs, type and quantity of cells needed
for regeneration of impaired tissues and controlled ran-
domized trials with larger sample size.

5. CONCLUSION

The number of people practicing professional and recreational
sports increasing all over the world. Unfortunately, it is in propor-
tion with number of injuries. Tendon and ligament injuries are very
common and known with their chronicity. Standardized treatment is
mainly symptom oriented and does not provide complete healing in
majority of patients. It has detrimental effect on sports carrier. Ortho-
biologic is a new science incorporated in different medical special-
ties including sports medicine. It changes the paradigm by offering
regeneration of damaged structure rather than relieve of symptoms.
Mesenchymal stem cells are front runner in the field of regenerative
medicine with thousands of scientific papers published in the last
10 years. This manuscript presents the latest clinical results relat-
ed to application of mesenchymal stem cells in treatment of chronic
ligament and tendon injuries. Clinical application of MSCs
for treatment of tendon and ligament injuries might be
good alternative option for athletes. Published clinical
studies confirmed clinical improvement and integrity of
impaired tissues. However, RTCs are needed to confirm
real potential of cell therapy and their advantages com-
paring to other treatment options.

e Authors contribution: Both authors were included in preparation
this article. Final proof reading was made by the first author.

e Conflict of interest: None declared.

e Financial support and sponsorship: Nil.

REFERENCES
1.

Rui P, Ashman JJ, Akinseye A. Emergency Department Visits for In-
juries Sustained During Sports and Recreational Activities by Patients
Aged 5-24 Years, 2010-2016. National Health Statistics Reports Num-
ber 133 November 15, 2019.

2.  Ekstrand J, Hagglund M, Waldén M. Injury incidence and injury patterns in
professional football: the UEFA injury study. Br ] Sports Med. 2011 Jun;
45(7): 553-558.

3. Ghrairi M, Zerguini Y, Sallaoui R, Khelifa M Characteristics of injuries
in a professional soccer club of Dubai Medicine & Science in Sports &
Exercise: May 2013; 45(5S): 63-66.

4. Gouttebarge V. etal. Knee osteoarthritis in professional football is related
to severe knee injury and knee surgery. In ] Epidemiol. 2018 Dec; 5: 26.
5. Orava S, Leppilahti J. Overuse injuries of tendons in athletes. In: Jakob

RP, Fulford P, Horan F, eds. European Instructional Course Lectures.
London: The British Editorial Society of Bone and Joint Surgery. 1999.

6.  Hootman JM, Dick R, Agel J. Epidemiology of collegiate injuries for 15
sports: summary and recommendations for injury prevention initiatives.
J Athl Train. 2007; 42(2): 311-319.

7. Van den Bekerom MPJ. et al. What is the Evidence for Rest, Ice, Compres-
sion, and Elevation Therapy in the Treatment of Ankle Sprains in Adults?
J Athl Train. 2012 Aug; 47(4): 435-443.

8. Dhillon MS. et al. Orthobiologics and platelet rich plasma. Indian ] Or-
thop. 2014 Jan-Feb; 48(1): 1-9.

9. Odorico JS, Kaufman DS, Thomson JA. Multilineage Differentiation

390

10.

11.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31

32.

33.

34.

from Human Embryonic Stem Cell Lines. Stemk Cells. 2001 May; 19(3):
193-204.

Thomson JA, Itskovitz-Eldor J, Shapiro SS, Waknitz MA, Swiergiel JJ, Mar-
shall VS, et al. Embryonic Stem Cell Lines Derived from Human Blasto-
cysts. Science. 1998 Nov 6, 282(5391): 1145-1147.

Pera MF, Reubinoff B, Trounson A. Human embryonic stem cells. Jour-
nal of Cell Science. 2000 Jan 1; 113(1): 5.

Maleki M. et al. Comparison of Mesenchymal Stem Cell Markers in Mul-
tiple Human Adult Stem Cells.Int J Stem Cells. 2014 Nov; 7(2): 118-126.
Ullah I. et al. Human mesenchymal stem cells - current trends and future
prospective.Biosci Rep. 2015; 35(2).

Pittenger MF. et al. Multilineage potential of adult human mesenchymal
stem cells. Science. 1999; 284(5411): 143-147.

Oedayrajsingh-Varma MJ. et al. Adipose tissue-derived mesenchymal
stem cell yield and growth characteristics are affected by the tissue-har-
vesting procedure. Cytotherapy. 2006; 8(2): 166-177.

Spees JL, Lee RH, Gregory CA. Mechanisms of mesenchymal stem/stro-
mal cell function. Stem cell research & therapy. 2016 Aug 31; 7(1): 125.
Kumar AK.AG.K.KG. Decoding of Mesenchymal Stem Cells in Osteo-
arthritis of Knee Joint. A Review Article. Archive of Bone and Joint Sur-
gery (ABJS); 2nd March 2020.

Usuelli FG, Grassi M, Maccario C. et al. Intratendinous adipose-derived
stromal vascular fraction (SVF) injection provides a safe, efficacious treat-
ment for Achilles tendinopathy: results of a randomized controlled clin-
ical trial at a 6-month follow-up. Knee Surg Sports Traumatol Arthrosc.
2018; 26(7): 2000-2010.

Stein BE, Stroh DA, Schon LC. Outcomes of acute Achilles tendon rup-
ture repair with bone marrow aspirate concentrate augmentation. Int
Orthop. 2015; 39(5): 901-905.

Tate-Oliver K, Alexander RW. Combination of autologous adipose-de-
rived tissue stromal vascular fraction plus high-density platelet rich
plasma or bone marrow concentrates in Achilles tendon tears. ] Pro-
lotherapy. 2013; 5: €895-912.

Kim YS, Sung CH, Chung SH. et al. Does an injection of adipose-derived
mesenchymal stem cells loaded in fibrin glue influence rotator cuff re-
pair outcomes? A clinical and magnetic resonance imaging study. Am J
Sports Med. 2017; 45(9): 2010-2018.

Hernigou P, FlouzatLachaniette CH, Delambre J. et al. Biologic augmen-
tation of rotator cuff repair with mesenchymal stem cells during arthros-
copy improves healing and prevents further tears: a case-controlled study.
Int Orthop. 2014; 38(9): 1811-1818.

Ellera Gomes JL, da Silva RC, Silla LM, et al. Conventional rotator cuff
repair complemented by the aid of mononuclear autologous stem cells.
Knee Surg Sports TraumatolArthrosc. 2012; 20(2): 373-377.

Centeno CJ, Al-Sayegh H, Bashir J, et al. A prospective multisite regis-
try study of a specific protocol of autologous bone marrow concentrate
for the treatment of shoulder rotator cuff tears and osteoarthritis. ] Pain
Res. 2015; 8: 269-276.

Lee SY, Kim W, Lim C, et al. Treatment of lateral epicondylosis by using
allogeneic adipose-derived mesenchymal stem cells: a pilot study. Stem
Cells. 2015; 33(10): 2995-3005.

Moon YL, Jo SH, Song CH, et al. Autologous bone marrow plasma injec-
tion after arthroscopic debridement for elbow tendinosis. Ann Acad Med
Singapore. 2008; 37(7): 559-563.

Singh A, Gangwar DS, Singh S. Bone marrow injection: a novel treatment
for tennis elbow. ] Nat Sci Biol Med. 2014; 5(2): 389-391.
Pascual-Garrido C, Rolo’n A, Makino A. Treatment of chronic patellar
tendinopathy with autologous bone marrow stem cells: a 5-year-followup.
Stem Cells Int. 2012; 2012: 953510.

Wang Y, Shimmin A, Ghosh P, Marks P, Linklater J, Connell D, et al. Safety,
tolerability, clinical, and joint structural outcomes of a single intra-articu-
lar injection of allogeneic mesenchymal precursor cells in patients follow-
ing anterior cruciate ligament reconstruction: a controlled double-blind
randomised trial. Arthritis Res Ther. 2017; 19(1): 180.

Centeno C, Markle J, Dodson E, Stemper I, Williams C, Hyzy M, et al.
Symptomatic anterior cruciate ligament tears treated with percutaneous
injection of autologous bone marrow concentrate and platelet products: a
non-controlled registry study. ] Transl Med. 2018; 16(1): 246.

Van de Boom NAC. et al. Efficacy of Stem Cell Therapy for Tendon Dis-
orders: A Systematic Review. Orthopedic Journal of Sports Medicine
April 30, 2020.

Andia I, Maffulli N. Biological Therapies in Regenerative Sports Medi-
cine.Sports Med 2017 May; 47(5): 807-828.

Wang A, Mackie K, Breidahl W, et al. Evidence for the durability of au-
tologous tenocyte injection for treatment of chronic resistant lateral
epicondylitis: mean 4.5-year clinical follow-up. Am J Sports Med. 2015;
43(7): 1775-1783.

Clarke AW, Alyas F, Morris T, et al. Skin-derived tenocyte-like cells for the
treatment of patellar tendinopathy. AmJ Sports Med. 2011; 39(3): 614-623.

ORIGINAL PAPER | MED ARCH. 2020 OCT; 74(5): 387-390



