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Orthobiologics are biological materials that are intended for the regeneration of bone, cartilage, and soft tissues. Achilles

tendinopathy (AT) or tendinitis of the heel is one of the most common ankles and foot overuse injuries. This

musculoskeletal disorder usually affects professional and recreational athletes who engage in vigorous physical activities,

such as jumping and running, but it may also develop in sedentary individuals. Achilles tendon injuries are often quite

devastating because, unlike some tissue types, tendons are poorly vascularized structures that rely upon synovial fluid

diffusion to provide nutrition. The typical features of Achilles tendinopathy are failed healing responses, persistent

inflammation, and predominant catabolic reactions. Therefore, the application of orthobiologic tools represents a viable

solution, considering their demonstrated efficacy, safety, and relatively easy manipulation. Perhaps a synergistic approach

regarding the combination of these orthobiologics may promote more significant clinical outcomes rather than individual

application.
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1. Cellular Therapy in Achilles Tendinopathy 

By standard definition, orthobiologics are products derived from substances naturally found in the body that can expedite

and improve the healing process of an orthopedic injury . The most widely cited examples include embryonic stem cells,

mesenchymal stromal/stem cells, and induced pluripotent stem cells . This array of orthobiologics has enabled

researchers to target different diseases at a cellular level and has bestowed physicians with growing potential in the ever-

expanding field of regenerative medicine . 

2. Embryonic Stem Cells (ESCs) and Induced Pluripotent Stem Cells
(iPSCs)

Embryonic stem cells (ESCs) are isolated from the inner cell mass of the blastocyst during the pre-implantation period.

Two of the most refined properties of these cells are their capacity to infinitely proliferate without differentiation and, at the

same time, retain the potential to generate all three germ layers . These properties are, respectively, termed self-

renewal and pluripotency.

The tenogenic potential of ESCs has been successfully demonstrated both in vitro and in animal models, but the transition

to clinical trials still requires further investigation of their tumorigenic potential . In a large animal model trial, ESCs

showed improved healing in collagenase-induced flexor tendinitis . Tissue architecture, tendon size, tendon lesion size,

and fiber patterns of the tendons were significantly improved on histologic sections and ultrasound in the horse-treated

group, even without in vitro pre-differentiation.

On the other hand, how to differentiate ESC into tendon lineage is the key point. Some authors have suggested that a

stepwise differentiation of human ESCs (hESC) into MSCs could potentially allow these multipotent cells to form tendon-

like tissues, with the advantage of avoiding teratoma formation . In vitro and in vivo studies showed that ESC-

differentiated MSCs (hESC-MSCs) markedly presented tenocyte-like morphology and expressed tenocyte-related gene

markers such as COL-1 and -3 and SCX . Additionally, tendon repair treated with hESC-MSCs showed better ectopic

tendon regeneration and mechanical properties than did controls, with hESC-MSCs remaining viable for longer periods

.

Similar results were shown by the use of hESC-MSCs incorporated within collagen sponge scaffold to promote tendon

regeneration . hESC-MSCs exhibited tenocyte-like morphology and also positively presented tendon gene markers

(COL-1 and -3, Epha4, and Scleraxis). After in vivo transplantation and under the mechanical stimulus, the tissue

displayed better alignment and configuration of the collagen fibers and superior mechanical characteristics . Other

potential benefits of hESC-MSCs transplantation in tendon pathology is the in situ environment-modifying effects,
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indirectly favoring tissue regeneration. However, the use of ESCs may still be limited by ethical concerns since a

sacrificed embryo is needed .

In this sense, the later discovery of Induced Pluripotent Stem Cells (iPSCs) can potentially solve the ethical problem of

ESCs, in which researchers generated iPSCs from totally differentiated cells through specifically transcription factors

delivered by retroviruses or by miRNA delivered directly to generate integration-free iPSCs . Human iPSCs have

been shown to better repair rat patellar tendon window defects in comparison to non-iPSCs treated tendons,

demonstrating by macroscopical, histological, and biomechanical analysis that human iPSC promotes tendon repair in

animal models . Tenocytes derived from human iPSC can provide a therapeutic option for tendon injury. iPSC-tenocyte

grafting contributed to motor function recovery after Achilles tendon injury in rat models via paracrine effect and

engraftment.  While the use of ESCs and iPSCs is progressively growing, it has not been reported in human studies of

tendon tissue engineering yet. On the other hand, recent progress in culturing these cells to properly differentiate them

brings great expectations for the use of human-ESC based therapy in the near future .

3. Mesenchymal Stromal Cells (MSCs)

MSCs possess self-renewal potential and have the ability to differentiate into specific mature cell lineages . They are

characterized by a set of specific cell surface cluster differentiation markers (CD), which are known to express a range of

cell-lineage-specific antigens which differ depending on culture preparation, duration, or plating density . MSCs can

manipulate and control their local microenvironment due to the paracrine and autocrine effects . MSCs do not trigger

aggressive immunogenic episodes and they can be easily isolated, facilitating allogenic transplantation in appropriate

circumstances. Therefore, these cells may be considered immune evasive, however, the regenerative effects of MSCs in

cellular-based therapies are usually more associated with their homing and engraftment abilities in target tissues .

Furthermore, MSCs have a rather short life span and are ultimately phagocytized by monocytes, subsequently stimulating

the production of T-regulatory (Treg) cells, thereby maintaining homeostasis and self-tolerance . MSCs act as trophic

mediators to attenuate escalated apoptosis, fibrosis, and inflammation whilst stimulating cell proliferation and

differentiation via paracrine and autocrine signaling .

Bone marrow-derived MSCs (BM-MSCs): The cellular components of bone marrow can be divided into non-

hematopoietic cells (pericytes, endothelial cells, osteoblasts, adipocytes, and Schwann cells) and hematopoietic cells

(neutrophils, lymphocytes, megakaryocytes, monocytes, and osteoclasts) . Additionally, there is also the presence of

the hematopoietic stem cells (HSC) and mesenchymal stromal/stem cells (MSCs), the two major adult stem cell types

found in this tissue. The MSCs present in bone marrow contain a potent anti-inflammatory cytokine known as interleukin-1

receptor antagonist (IL-1Ra) . IL-1Ra also reduces matrix degradation, MMP-3, and TNF-α gene expression, PGE2

secretion, chondrocyte apoptosis, and enhances collagen deposition.  Collectively, the effects elicited by IL-1Ra are of

great clinical value as they can bring significant pain alleviation to the patient and improve the state of prolonged tissue

injury inflammation, especially in tendinopathies. Intratendinous administration of BM-MSCs in rabbit model AT improves

biomechanical (improved biomechanical modulus) and histological (improved collagen fibers organization) scores in the

early phase of tendon healing . In a rat model of Achilles tendon rupture, BM-MSCs show superior tendon healing

potential than PRP in terms of histological, biochemical, and immunohistochemical scores . In a rat model of Achilles

tendon rupture, an increased expression of Tenascin-C was observed equally in the groups treated with tendon stem cells

(TSCs) and BM-MSCs but TSCs exhibited higher regenerative potential than BM-MSCs. Hence, TSCs are the better

sources of stem cells for tendon regeneration . Under ultrasound (USG) guidance, autologous bone marrow aspirate

concentrate (BMAC) injected intralesionally into the mid substance tendinopathic region of Achilles in a female patient with

chronic MRI confirmed AT exhibited less pain with the normal activity of daily living (ADL) after 2 months of post-

intervention. Improvement in relative strength intensity was observed in T1W-MRI images after 10 weeks post-intervention

. Improved Achilles tendon rupture scores were observed with autologous BMAC augmentation in Achilles tendon

rupture . BM-MSCs promote early rehabilitation, lower incidence of re-rupture, improvement of pain scores, and

amelioration of tendon structure and strength, without the occurrence of serious complications . van

den Boom et al. derived level 4 evidence for BMAC augmentation in Achilles tendon repair in terms of improved PROMs

and absence of re-tears in 2.5 years follow-up . However, more robust data are still required to further support the

efficacy and safety regarding the clinical administration of BMA for AT, more specifically.

Adipose tissue-derived MSCs (AD-MSCs): In recent years, adipose tissue and its derivatives have also received a

considerable amount of attention from the scientific community by presenting itself as a novel and potential cell source for

tissue engineering and regenerative medicine . A total yield of stem cells in adipose tissue was approximately 40

times greater than bone marrow . SVF, a product of adipose tissue, carries a wide variety of cells, including

endothelial cells, preadipocytes, type 2 macrophages, T cells, pericytes as well as mesenchymal stromal/stem and
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progenitor cells . The application of SVF for the treatment of tendinopathies, specifically, yields satisfactory

regenerative outcomes . An in vivo study with SVF and AD-MSCs demonstrates the maintenance and

induction of tendon fiber organization . Usuelli et al. demonstrated that the intratendinous SVF injection exhibited faster

recovery results at just 15 days after treatment for AT . Piccionello et al. revealed the significant findings in the ovine

model of tendinopathy . Matrix composition and collagen deposits in treated tendons are significantly enriched, and

neo-angiogenesis is improved within the lesion sites and it was concluded that the reorganization of tendon fibers is just

as important as the proliferation, differentiation, and immunomodulatory capacities of SVF cells . In a collagenase-

induced AT mice model, AD-MSCs facilitate neovasculogenesis, upregulate tendon repair, downregulate ectopic

ossification, and inhibit inflammation in Achilles tendon healing . At 3 months follow-up, the improvement of AOFAS and

FADI scores was observed in surgically managed Achilles tendon tears with micro fragmented adipose tissue (M-FAT) .

M-FAT downregulates the expression of type 3 collagen and metalloproteases-1 in a significant manner and upregulates

the production of VEGF, IL-1Ra, and IL-6 in an in vitro model of tendinosis . Tenogenically differentiated AD-MSCs

upregulate the gene expression of COL-1 and -3, scleraxis, decorin, tenascin-C, and tenomodulin, modulate

cytoarchitecture, and improve the histological score, organization of collagen fibers, recovery of elastic modulus, and

tensile load of tendons over time in Achilles tendon repair in vivo . SVF derived from adipose tissue pose superior

results in terms of clinical and functional outcome in AT when compared with PRP . van den Boom et al. derived

level 3 evidence for allogenic AD-MSCs in the management of AT when compared with PRP . Although the basic

science studies in the literature have already revealed positive outcomes, there is still a great need for more robust clinical

data to further validate the efficacy and safety of the application of adipose tissue-derived products in tendon healing.

4. Acellular Therapy in Achilles Tendinopathy

Acellular therapy marks the application of nanomedicine principles in the management of musculoskeletal disorders. The

micromolecules from cells and tissues play a significant role in targeting the desired site with therapeutic applications. The

most commonly used acellular biological products are platelet-rich plasma (PRP), concentrated growth factors, and

exosomes from various sources.

4.1. Platelet-Rich Plasma (PRP)

Chronic tendinopathy creates a pro-inflammatory environment and hinders the healing cascade due to precarious blood

supply and comparably slower cell turnover in the case of tendons . Literature evidence supports that PRP has

targeted therapeutic applications in musculoskeletal disorders by enhancing regeneration of diseased or degenerated

tissues. By concentrating platelets, the growth factors are released from alpha granules of platelets which enhance the

natural healing cascade. PRP contains WBCs and chemokines, which regulate inflammatory responses . The type

of PRP to be used depends upon the disease condition and targeted site in the body to have maximum benefits

outweighing the risks. Yoshida et al.  demonstrated that the combination of leucocytes with platelets in an ACL

fibroblast culture promoted significant increases in type I and type III pro-collagen gene expression, collagen production,

and cellular proliferation. The administration of PRP accelerates and hastens neovascularization and stimulates the

potentiation of the resident stem cells and the subsequent restoration of injured tissue. Upon activation of PRP, numerous

pockets of growth factors and cytokines release in the desired site and exert anabolic and anti-inflammatory actions by

potentiating various cells and their secretomes . PRP potentiated the differentiation of TSCs to mature tenocyte by

increasing the proliferation and collagen production . The platelets in PRP stimulate macrophages and fibroblasts to

repair the damaged collagen fibrils of the tendon and enhance neovasculogenesis and collagen organization in the injured

tendon .

The outcome of PRP injection for AT demonstrated decreased vascularity and changes in the tendon thickness as

reported in a few studies  whereas a few researchers have provided controversial data stating the increased

tendon thickness after 3 months follow-up . Filardo et al. demonstrated a stable outcome to a medium-term follow-up

with repeated intra-tendinous PRP injection in recalcitrant AT . Gaweda et al. reported a significant decrease in tendon

thickness and hypoechoic lesions along with the normalization of peritendineum in AT when treated with PRP . Deans

et al. demonstrated a significant clinical improvement in recalcitrant AT with a single dose of autologous conditioned

serum along with regular exercises and therapeutic ultrasonography . Monto et al. reported significant USG and MRI

changes in Achilles tendon substance in pre-and post-PRP treatment in AT . de Vos et al. reported no greater

improvement in pain and activity, when AT is treated with eccentric exercises and PRP . In a meta-analysis with seven

clinical trials by Chen et al., no trial has demonstrated that PRP improves either clinical or functional outcomes in AT and

hence RCTs were expected to test the hypothesis . In a meta-analysis, Liu et al. reported limited evidence support that

PRP is not a superior treatment to placebo management in chronic AT . Zhang et al. reported no improvement in VISA-

A scores, tendon thickness, or color Doppler activity in AT with PRP , whereas Madhi et al. demonstrated a significant
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improvement in VISA-A scores with the usage of PRP in AT . PRP is found efficacious in young to middle-aged patients

with non-insertional AT compared to old aged patients. This data is ascribed to biomechanical differences in the tendinous

substances . Townsend et al. formulated post-PRP protocol for AT by the initiation of stretching exercises by 2 weeks

after injection and then full return to play was advised after 6 weeks of PRP injection . Despite controversy in the

literature, many studies share a common ground in the sense that PRP consistently presents itself as a safe and effective

biological agent for the amelioration of both chronic and acute Achilles tendon injuries, with significant improvements in

pain and functional outcomes .

Exosomes

The sourcing of exosomes (Exos) presents a major challenge in scaling production in terms of commercialization and

therapeutic efficacy of clinical applications. Exos can be derived from either cellular (hematopoietic cells, mesenchymal

stromal cells, immune cells and tissues in the form of organs) or noncellular sources (body fluids). Production of large

amounts of Exos is expensive, technically demanding, and ethically challenging. Local administration of Exos in the bone–

tendon interface downregulates the genes responsible for pro-inflammatory cytokines, excessive scar formation, cellular

apoptosis, and M1 macrophages and upregulates the genes responsible for anti-inflammatory cytokines and ECM

synthesis . MSC-Exos modulate collagen organization and macrophage polarization, proliferate tenocyte and

fibroblast cells, and inhibit tenocyte adhesions in tendon disorders . BM-MSC-derived Exos enhance the healing of the

tendon–bone interface by regulating M2 macrophage polarization . Administration of TSC-derived Exos into rat AT

leads to downregulation of MMP-3 gene expression with upregulation of TIMP-3 and COL1A1 gene expression, balancing

of ECM in the tendon, and potentiates ethnogenesis of TSCs . TSCs regulate immunomodulation in tendons through c-

Jun N-terminal kinase and STAT-3 signaling . TSC-derived Exos containing TGF-β enhance the migration, proliferation,

and differentiation of TSCs through Smad2/3 and ERK1/2 signaling pathways . Tenocyte-derived Exos express higher

levels of CD-9 and -61, TSG-101, COL-1 and -3, TNMD, Shc, p-ERK1/2, and integrin β1 to enhance the proliferation of

MSCs .

References

1. Santos Duarte Lana, J.F.; Furtado da Fonseca, L.; Mosaner, T.; Tieppo, C.E.; Azzini, G.O.M.; Ribeiro, L.L.; Setti, T.;
Purita, J. Bone marrow aspirate clot: A feasible orthobiologic. J. Clin. Orthop. Trauma 2020, 11, S789–S794.

2. Dhillon, M.S.; Behera, P.; Patel, S.; Shetty, V. Orthobiologics and platelet rich plasma. Indian J. Orthop. 2014, 48, 1–9.

3. Fogli, M.; Giordan, N.; Mazzoni, G. Efficacy and safety of hyaluronic acid (500–730 kDa) Ultrasound-guided injections
on painful tendinopathies: A prospective, open label, clinical study. Muscles Ligaments Tendons J. 2017, 7, 388–395.

4. Huddleston, H.P.; Maheshwer, B.; Wong, S.E.; Chahla, J.; Cole, B.J.; Yanke, A.B. An Update on the Use of
Orthobiologics: Use of Biologics for Osteoarthritis. Oper. Tech. Sports Med. 2020, 28, 150759.

5. Huang, G.; Ye, S.; Zhou, X.; Liu, D.; Ying, Q.-L. Molecular basis of embryonic stem cell self-renewal: From signaling
pathways to pluripotency network. Cell. Mol. Life Sci. 2015, 72, 1741–1757.

6. Lee, A.S.; Tang, C.; Rao, M.S.; Weissman, I.L.; Wu, J.C. Tumorigenicity as a clinical hurdle for pluripotent stem cell
therapies. Nat. Med. 2013, 19, 998–1004.

7. Gordeeva, O.; Khaydukov, S. Tumorigenic and Differentiation Potentials of Embryonic Stem Cells Depend on
TGFβFamily Signaling: Lessons from Teratocarcinoma Cells Stimulated to Differentiate with Retinoic Acid. Stem Cells
Int. 2017, 2017, 7284872.

8. Blum, B.; Benvenisty, N. The Tumorigenicity of Human Embryonic Stem Cells. Adv. Cancer Res. 2008, 100, 133–158.

9. Watts, A.E.; Yeager, A.E.; Kopyov, O.V.; Nixon, A.J. Fetal derived embryonic-like stem cells improve healing in a large
animal flexor tendonitis model. Stem Cell Res. Ther. 2011, 2, 4.

10. Guillot, P.V.; Cui, W.; Fisk, N.M.; Polak, D.J. Stem cell differentiation and expansion for clinical applications of tissue
engineering. J. Cell. Mol. Med. 2007, 11, 935–944.

11. Chen, X.; Song, X.-H.; Yin, Z.; Zou, X.-H.; Wang, L.-L.; Hu, H.; Cao, T.; Zheng, M.; Ouyang, H.W. Stepwise
Differentiation of Human Embryonic Stem Cells Promotes Tendon Regeneration by Secreting Fetal Tendon Matrix and
Differentiation Factors. Stem Cells 2009, 27, 1276–1287.

12. Chen, J.L.; Yin, Z.; Shen, W.L.; Chen, X.; Heng, B.C.; Zou, X.H.; Ouyang, H.W. Efficacy of hESC-MSCs in knitted silk-
collagen scaffold for tendon tissue engineering and their roles. Biomaterials 2010, 31, 9438–9451.

13. Lo, B.; Parham, L. Ethical Issues in Stem Cell Research. Endocr. Rev. 2009, 30, 204–213.

[82]

[83]

[84]

[69][80][85][86]

[87][88]

[89]

[90]

[91]

[91]

[92]

[93]



14. Denker, H.-W. Potentiality of embryonic stem cells: An ethical problem even with alternative stem cell sources. J. Med.
Ethic. 2006, 32, 665–671.

15. Denker, H.-W. Human Embryonic Stem Cells: The Real Challenge for Research as well as for Bioethics Is Still ahead
of Us. CTO 2008, 187, 250–256.

16. De Wert, G. Human embryonic stem cells: Research, ethics and policy. Hum. Reprod. 2003, 18, 672–682.

17. Takahashi, K.; Yamanaka, S. Induction of Pluripotent Stem Cells from Mouse Embryonic and Adult Fibroblast Cultures
by Defined Factors. Cell 2006, 126, 663–676.

18. Takahashi, K.; Tanabe, K.; Ohnuki, M.; Narita, M.; Ichisaka, T.; Tomoda, K.; Yamanaka, S. Induction of Pluripotent Stem
Cells from Adult Human Fibroblasts by Defined Factors. Cell 2007, 131, 861–872.

19. Xu, W.; Wang, Y.; Liu, E.; Sun, Y.; Luo, Z.; Xu, Z.; Liu, W.; Zhong, L.; Lv, Y.; Wang, A.; et al. Human iPSC-Derived
Neural Crest Stem Cells Promote Tendon Repair in a Rat Patellar Tendon Window Defect Model. Tissue Eng. Part A
2013, 19, 2439–2451.

20. Nakajima, T.; Nakahata, A.; Yamada, N.; Yoshizawa, K.; Kato, T.M.; Iwasaki, M.; Zhao, C.; Kuroki, H.; Ikeya, M. Grafting
of iPS cell-derived tenocytes promotes motor function recovery after Achilles tendon rupture. Nat. Commun. 2021, 12,
5012.

21. Biswas, A.; Hutchins, R. Embryonic Stem Cells. Stem Cells Dev. 2007, 16, 213–222.

22. Thomson, J.A.; Itskovitz-Eldor, J.; Shapiro, S.S.; Waknitz, M.A.; Swiergiel, J.J.; Marshall, V.S.; Jones, J.M. Embryonic
Stem Cell Lines Derived from Human Blastocysts. Science 1998, 282, 1145–1147.

23. Rebolj, K.; Veber, M.; Drobnič, M.; Maličev, E. Hematopoietic stem cell and mesenchymal stem cell population size in
bone marrow samples depends on patient’s age and harvesting technique. Cytotechnology 2018, 70, 1575–1583.

24. Devine, S.M. Mesenchymal stem cells: Will they have a role in the clinic? J. Cell. Biochem. 2002, 85, 73–79.

25. Papathanasopoulos, A.; Giannoudis, P.V. Biological considerations of mesenchymal stem cells and endothelial
progenitor cells. Injury 2008, 39, S21–S32.

26. Squillaro, T.; Peluso, G.; Galderisi, U. Clinical Trials with Mesenchymal Stem Cells: An Update. Cell Transplant. 2016,
25, 829–848.

27. Sordi, V. Mesenchymal Stem Cell Homing Capacity. Transplantion 2009, 87, S42–S45.

28. De Witte, S.F.; Luk, F.; Sierra Parraga, J.M.; Gargesha, M.; Merino, A.; Korevaar, S.S.; Shankar, A.S.; O’Flynn, L.;
Elliman, S.J.; Roy, D.; et al. Immunomodulation by Therapeutic Mesenchymal Stromal Cells (MSC) Is Triggered
Through Phagocytosis of MSC By Monocytic Cells. Stem Cells 2018, 36, 602–615.

29. Kondělková, K.; Vokurková, D.; Krejsek, J.; Borska, L.; Fiala, Z.; Andrys, C. Regulatory T cells (Treg) and Their Roles in
Immune System with Respect to Immunopathological Disorders. Acta Med. Hradec Kralove 2010, 53, 73–77.

30. Caplan, A.I.; Dennis, J.E. Mesenchymal stem cells as trophic mediators. J. Cell. Biochem. 2006, 98, 1076–1084.

31. Lana, J.; da Fonseca, L.; Azzini, G.; Santos, G.; Braga, M.; Junior, A.C.; Murrell, W.; Gobbi, A.; Purita, J.; de Andrade,
M.P. Bone Marrow Aspirate Matrix: A Convenient Ally in Regenerative Medicine. Int. J. Mol. Sci. 2021, 22, 2762.

32. Cassano, J.M.; Kennedy, J.G.; Ross, K.; Fraser, E.J.; Goodale, M.B.; Fortier, L.A. Bone marrow concentrate and
platelet-rich plasma differ in cell distribution and interleukin 1 receptor antagonist protein concentration. Knee Surg.
Sports Traumatol. Arthrosc. 2018, 26, 333–342.

33. Thampatty, B.P.; Li, H.; Im, H.-J.; Wang, J.H.-C. EP4 receptor regulates collagen type-I, MMP-1, and MMP-3 gene
expression in human tendon fibroblasts in response to IL-1β treatment. Gene 2007, 386, 154–161.

34. Chong, A.K.; Ang, A.D.; Goh, J.C.; Hui, J.H.; Lim, A.Y.; Lee, E.H.; Lim, B.H. Bone Marrow-Derived Mesenchymal Stem
Cells Influence Early Tendon-Healing in a Rabbit Achilles Tendon Model. J. Bone Jt. Surg. 2007, 89, 74–81.

35. Yuksel, S.; Guleç, M.A.; Gultekin, M.Z.; Adanır, O.; Caglar, A.; Beytemur, O.; Küçükyıldırım, B.O.; Avci, A.; Subaşı, C.;
Inci, Ç.; et al. Comparison of the early period effects of bone marrow-derived mesenchymal stem cells and platelet-rich
plasma on the Achilles tendon ruptures in rats. Connect. Tissue Res. 2016, 57, 360–373.

36. Alani, M.K.A.; Xu, K.; Sun, Y.; Pan, L.; Xu, Z.; Yang, L. Study of Bone Marrow Mesenchymal and Tendon-Derived Stem
Cells Transplantation on the Regenerating Effect of Achilles Tendon Ruptures in Rats. Stem Cells Int. 2015, 2015,
e984146.

37. McKenna, R.W.; Riordan, N.H. Minimally invasive autologous bone marrow concentrate stem cells in the treatment of
the chronically injured Achilles tendon: A case report. CellR4 2014, 2, e1100.

38. Stein, B.E.; Stroh, D.A.; Schon, L.C. Outcomes of acute Achilles tendon rupture repair with bone marrow aspirate
concentrate augmentation. Int. Orthop. 2015, 39, 901–905.



39. Thueakthong, W.; Netto, C.D.C.; Garnjanagoonchorn, A.; Day, J.; Friedman, G.; Auster, H.; Tan, E.; Schon, L.C.
Outcomes of iliac crest bone marrow aspirate injection for the treatment of recalcitrant Achilles tendinopathy. Int.
Orthop. 2021, 45, 2423–2428.

40. Farina, K.A.; Kandah, B.A.; Sowers, N.M.; Moore, G.A. Bone Marrow Aspirate Concentrate Injection of the Achilles
Tendon in a Competitive Distance Runner. J. Musculoskelet. Res. 2021, 24, 214004.

41. Rodas, G.; Soler, R.; Balius, R.; Alomar, X.; Peirau, X.; Alberca, M.; Sánchez, A.; Sancho, J.G.; Rodellar, C.; Romero,
A.; et al. Autologous bone marrow expanded mesenchymal stem cells in patellar tendinopathy: Protocol for a phase I/II,
single-centre, randomized with active control PRP, double-blinded clinical trial. J. Orthop. Surg. Res. 2019, 14, 1–11.

42. Rodas, G.; Soler-Rich, R.; Rius-Tarruella, J.; Alomar, X.; Balius, R.; Orozco, L.; Masci, L.; Maffulli, N. Effect of
Autologous Expanded Bone Marrow Mesenchymal Stem Cells or Leukocyte-Poor Platelet-Rich Plasma in Chronic
Patellar Tendinopathy (With Gap >3 mm): Preliminary Outcomes After 6 Months of a Double-Blind, Randomized,
Prospective Study. Am. J. Sports Med. 2021, 49, 1492–1504.

43. Okamoto, N.; Kushida, T.; Oe, K.; Umeda, M.; Ikehara, S.; Iida, H. Treating Achilles Tendon Rupture in Rats with Bone-
Marrow-Cell Transplantation Therapy. J. Bone Jt. Surg. 2010, 92, 2776–2784.

44. Sheikhani-Shahin, H.; Mehrabani, D.; Ashraf, M.J.; Rajabi, H.; Norouzian, M.; Rahmanifar, F.; Nazhvani, S.D.; Zare, S.
The healing effect of bone marrow-derived stem cells and aquatic activity in Achilles tendon injury. J. Hell. Vet. Med.
Soc. 2019, 70, 1373–1380.

45. Van den Boom, N.A.C.; Winters, M.; Haisma, H.J.; Moen, M.H. Efficacy of Stem Cell Therapy for Tendon Disorders: A
Systematic Review. Orthop. J. Sports Med. 2020, 8.

46. Tremolada, C.; Colombo, V.; Ventura, C. Adipose Tissue and Mesenchymal Stem Cells: State of the Art and
Lipogems® Technology Development. Curr. Stem Cell Rep. 2016, 2, 304–312.

47. Han, S.; Sun, H.M.; Hwang, K.-C.; Kim, S.-W. Adipose-Derived Stromal Vascular Fraction Cells: Update on Clinical
Utility and Efficacy. Crit. Rev. Eukaryot. Gene Expr. 2015, 25, 145–152.

48. Boquest, A.C.; Noer, A.; Collas, P. Epigenetic programming of mesenchymal stem cells from human adipose tissue.
Stem Cell Rev. Rep. 2006, 2, 319–329.

49. Huang, T.; He, D.; Kleiner, G.; Kuluz, J.T. Neuron-like Differentiation of Adipose-Derived Stem Cells from Infant Piglets
In Vitro. J. Spinal Cord Med. 2007, 30, S35–S40.

50. Kern, S.; Eichler, H.; Stoeve, J.; Klüter, H.; Bieback, K. Comparative Analysis of Mesenchymal Stem Cells from Bone
Marrow, Umbilical Cord Blood, or Adipose Tissue. Stem Cells 2006, 24, 1294–1301.

51. Guo, J.; Nguyen, A.; Banyard, D.; Fadavi, D.; Toranto, J.D.; Wirth, G.A.; Paydar, K.Z.; Evans, G.R.; Widgerow, A.D.
Stromal vascular fraction: A regenerative reality? Part 2: Mechanisms of regenerative action. J. Plast. Reconstr.
Aesthetic Surg. 2016, 69, 180–188.

52. Usuelli, F.G.; Grassi, M.; Maccario, C.; Viganò, M.; Lanfranchi, L.; Montrasio, U.A.; Girolamo, L. Intratendinous
adipose-derived stromal vascular fraction (SVF) injection provides a safe, efficacious treatment for Achilles
tendinopathy: Results of a randomized controlled clinical trial at a 6-month follow-up. Knee Surg. Sports Traumatol.
Arthrosc. 2018, 26, 2000–2010.

53. Piccionello, A.P.; Riccio, V.; Senesi, L.; Volta, A.; Pennasilico, L.; Botto, R.; Rossi, G.; Tambella, A.M.; Galosi, L.; Marini,
C.; et al. Adipose Micro-Grafts Enhance Tendinopathy Healing in Ovine Model: An in Vivo Experimental Perspective
Study. STEM CELLS Transl. Med. 2021, 10, 1544–1560.

54. Khoury, M.; Tabben, M.; Rolón, A.U.; Levi, L.; Chamari, K.; D’Hooghe, P. Promising improvement of chronic lateral
elbow tendinopathy by using adipose derived mesenchymal stromal cells: A pilot study. J. Exp. Orthop. 2021, 8, 1–10.

55. Norelli, J.B.; Plaza, D.P.; Stal, D.N.; Varghese, A.M.; Liang, H.; A Grande, D. Tenogenically differentiated adipose-
derived stem cells are effective in Achilles tendon repair in vivo. J. Tissue Eng. 2018, 9.

56. Kokubu, S.; Inaki, R.; Hoshi, K.; Hikita, A. Adipose-derived stem cells improve tendon repair and prevent ectopic
ossification in tendinopathy by inhibiting inflammation and inducing neovascularization in the early stage of tendon
healing. Regen. Ther. 2020, 14, 103–110.

57. Ferracini, R.; Artiaco, S.; Daghino, W.; Falco, M.; Gallo, A.; Garibaldi, R.; Tiraboschi, E.; Guidotti, C.; Bistolfi, A.
Microfragmented Adipose Tissue (M-FATS) for Improved Healing of Surgically Repaired Achilles Tendon Tears: A
Preliminary Study. Foot Ankle Spec. 2020, 2020, 1938640020974557.

58. Viganò, M.; Lugano, G.; Orfei, C.P.; Menon, A.; Ragni, E.; Colombini, A.; De Luca, P.; Randelli, P.; De Girolamo, L.
Autologous Microfragmented Adipose Tissue Reduces the Catabolic and Fibrosis Response in an In Vitro Model of
Tendon Cell Inflammation. Stem Cells Int. 2019, 2019, e5620286.



59. De Girolamo, L.; Grassi, M.; Viganò, M.; Orfei, C.P.; Montrasio, U.A.; Usuelli, F. Treatment of Achilles Tendinopathy with
Autologous Adipose-derived Stromal Vascular Fraction. Orthop. J. Sports Med. 2016, 4 (Suppl. 4),
2325967116S00128.

60. Usuelli, F.G.; Grassi, M.; Montrasio, U.A.; De Girolamo, L.; Boga, M. Freshly Isolated Adipose-Derived Stem Cells for
the Treatment of Achilles Tendinopathy. Foot Ankle Orthop. 2016, 1.

61. Boswell, S.G.; Cole, B.J.; Sundman, E.A.; Karas, V.; Fortier, L.A. Platelet-Rich Plasma: A Milieu of Bioactive Factors.
Arthrosc. J. Arthrosc. Relat. Surg. 2012, 28, 429–439.

62. Galliera, E.; Corsi, M.M.; Banfi, G. Platelet rich plasma therapy: Inflammatory molecules involved in tissue healing. J.
Biol. Regul. Homeost. agents 2013, 26 (Suppl. 1), 35S–42S.

63. Bielecki, T.M.; Gazdzik, T.S.; Arendt, J.; Szczepanski, T.; Król, W.; Wielkoszynski, T. Antibacterial effect of autologous
platelet gel enriched with growth factors and other active substances. J. Bone Jt. Surgery. Ser. B. 2007, 89, 417–420.

64. Yoshida, R.; Murray, M.M. Peripheral blood mononuclear cells enhance the anabolic effects of platelet-rich plasma on
anterior cruciate ligament fibroblasts. J. Orthop. Res. 2012, 31, 29–34.

65. Dos Santos, R.G.; Santos, G.S.; Alkass, N.; Chiesa, T.L.; Azzini, G.O.; da Fonseca, L.F.; dos Santos, A.F.; Rodrigues,
B.L.; Mosaner, T.; Lana, J.F. The regenerative mechanisms of platelet-rich plasma: A review. Cytokine 2021, 144,
155560.

66. Zhang, J.; Wang, J.H.-C. Platelet-Rich Plasma Releasate Promotes Differentiation of Tendon Stem Cells into Active
Tenocytes. Am. J. Sports Med. 2010, 38, 2477–2486.

67. Maffulli, N.; Longo, U.G.; Denaro, V. Novel approaches for the management of tendinopathy. J. Bone Jt. Surg. Am.
2010, 92, 2604–2613.

68. Hammond, J.W.; Hinton, R.Y.; Curl, L.A.; Muriel, J.M.; Lovering, R.M. Use of Autologous Platelet-rich Plasma to Treat
Muscle Strain Injuries. Am. J. Sports Med. 2009, 37, 1135–1142.

69. Boesen, A.P.; Hansen, R.; Boesen, M.I.; Malliaras, P.; Langberg, H. Effect of High-Volume Injection, Platelet-Rich
Plasma, and Sham Treatment in Chronic Midportion Achilles Tendinopathy: A Randomized Double-Blinded Prospective
Study. Am. J. Sports Med. 2017, 45, 2034–2043.

70. De Vos, R.J.; Weir, A.; Van Schie, H.T.M.; Bierma-Zeinstra, S.M.A.; Verhaar, J.; Weinans, H.; Tol, J.L. Platelet-Rich
Plasma Injection for Chronic Achilles Tendinopathy: A Randomized Controlled Trial. JAMA 2010, 303, 144–149.

71. De Jonge, S.; De Vos, R.J.; Weir, A.; Van Schie, H.T.M.; Bierma-Zeinstra, S.M.A.; Verhaar, J.; Weinans, H.; Tol, J.L.
One-Year Follow-up of Platelet-Rich Plasma Treatment in Chronic Achilles Tendinopathy. Am. J. Sports Med. 2011, 39,
1623–1630.

72. Ferrero, G.; Fabbro, E.; Orlandi, D.; Martini, C.; Lacelli, F.; Serafini, G.; Silvestri, E.; Sconfienza, L. Ultrasound-guided
injection of platelet-rich plasma in chronic Achilles and patellar tendinopathy. J. Ultrasound 2012, 15, 260–266.

73. Krogh, T.P.; Ellingsen, T.; Christensen, R.; Jensen, P.; Fredberg, U. Ultrasound-Guided Injection Therapy of Achilles
Tendinopathy with Platelet-Rich Plasma or Saline. Am. J. Sports Med. 2016, 44, 1990–1997.

74. Albano, D.; Messina, C.; Usuelli, F.G.; De Girolamo, L.; Grassi, M.; Maccario, C.; Bignotti, B.; Tagliafico, A.; Sconfienza,
L.M. Magnetic resonance and ultrasound in achilles tendinopathy: Predictive role and response assessment to platelet-
rich plasma and adipose-derived stromal vascular fraction injection. Eur. J. Radiol. 2017, 95, 130–135.

75. Filardo, G.; Kon, E.; Di Mateo, B. Platelet-rich plasma injections for the treatment of refractory Achilles tendinopathy:
Results at 4 years. Blood Transfus. 2014, 12, 533–540.

76. Gaweda, K.; Tarczynska, M.; Krzyzanowski, W. Treatment of Achilles Tendinopathy with Platelet-Rich Plasma. Int. J.
Sports Med. 2010, 31, 577–583.

77. Deans, V.M.; Miller, A.; Ramos, J. A Prospective Series of Patients with Chronic Achilles Tendinopathy Treated with
Autologous-conditioned Plasma Injections Combined with Exercise and Therapeutic Ultrasonography. J. Foot Ankle
Surg. 2012, 51, 706–710.

78. Monto, R.R. Platelet Rich Plasma Treatment for Chronic Achilles Tendinosis. Foot Ankle Int. 2012, 33, 379–385.

79. Chen, J.; Wan, Y.; Jiang, H. The effect of platelet-rich plasma injection on chronic Achilles tendinopathy and acute
Achilles tendon rupture. Platelets 2021, 1–11.

80. Liu, C.-J.; Yu, K.-L.; Bai, J.-B.; Tian, D.-H.; Liu, G.-L. Platelet-rich plasma injection for the treatment of chronic Achilles
tendinopathy. Medicine USA 2019, 98, e15278.

81. Zhang, Y.-J.; Xu, S.-Z.; Gu, P.-C.; Du, J.-Y.; Cai, Y.-Z.; Zhang, C.; Lin, X.-J. Is Platelet-rich Plasma Injection Effective for
Chronic Achilles Tendinopathy? A Meta-analysis. Clin. Orthop. Relat. Res. 2018, 476, 1633–1641.



82. Madhi, I.; Yausep, O.E.; Khamdan, K.; Trigkilidas, D. The use of PRP in treatment of Achilles Tendinopathy: A
systematic review of literature. Study design: Systematic review of literature. Ann. Med. Surg. 2020, 55, 320–326.

83. Salini, V.; Evanni, D.; Epantalone, A.; Eabate, M. Platelet Rich Plasma Therapy in Non-insertional Achilles
Tendinopathy: The Efficacy is Reduced in 60-years Old People Compared to Young and Middle-Age Individuals. Front.
Aging Neurosci. 2015, 7, 228.

84. Townsend, C.; Von Rickenbach, K.J.; Bailowitz, Z.; Gellhorn, A.C. Post-Procedure Protocols Following Platelet-Rich
Plasma Injections for Tendinopathy: A Systematic Review. PMR 2020, 12, 904–915.

85. Zou, J.; Mo, X.; Shi, Z.; Li, T.; Xue, J.; Mei, G.; Li, X. A Prospective Study of Platelet-Rich Plasma as Biological
Augmentation for Acute Achilles Tendon Rupture Repair. BioMed Res. Int. 2016, 2016, 1–8.

86. Owens, R.-F., Jr.; Ginnetti, J.; Conti, S.-F.; Latona, C. Clinical and magnetic resonance imaging outcomes following
platelet rich plasma injection for chronic midsubstance Achilles tendinopathy. Foot Ankle Int. 2011, 32, 1032–1039.

87. Shi, Z.; Wang, Q.; Jiang, D. Extracellular vesicles from bone marrow-derived multipotent mesenchymal stromal cells
regulate inflammation and enhance tendon healing. J. Transl. Med. 2019, 17, 211.

88. Shen, H.; Yoneda, S.; Abu-Amer, Y.; Guilak, F.; Gelberman, R.H. Stem cell-derived extracellular vesicles attenuate the
early inflammatory response after tendon injury and repair. J. Orthop. Res. 2020, 38, 117–127.

89. Trouski, F.F.; Parham, A. Exosomes Derived from Mesenchymal Stem Cells in the Treatment of Animal Tendon Injuries:
A Review on Their Isolation and Application. Iran. J. Vet. Med. 2021, 15, 259–274.

90. Shi, Y.; Kang, X.; Wang, Y.; Bian, X.; He, G.; Zhou, M.; Tang, K. Exosomes Derived from Bone Marrow Stromal Cells
(BMSCs) Enhance Tendon-Bone Healing by Regulating Macrophage Polarization. Med. Sci. Monit. 2020, 26, e923328-
1.

91. Wang, Y.; He, G.; Guo, Y.; Tang, H.; Shi, Y.; Bian, X.; Zhu, M.; Kang, X.; Zhou, M.; Lyu, J.; et al. Exosomes from tendon
stem cells promote injury tendon healing through balancing synthesis and degradation of the tendon extracellular
matrix. J. Cell. Mol. Med. 2019, 23, 5475–5485.

92. Li, M.; Jia, J.; Li, S.; Cui, B.; Huang, J.; Guo, Z.; Ma, K.; Wang, L.; Cui, C. Exosomes derived from tendon stem cells
promote cell proliferation and migration through the TGF β signal pathway. Biochem. Biophys. Res. Commun. 2021,
536, 88–94.

93. Xu, T.; Xu, M.; Bai, J.; Lin, J.; Yu, B.; Liu, Y.; Guo, X.; Shen, J.; Sun, H.; Hao, Y.; et al. Tenocyte-derived exosomes
induce the tenogenic differentiation of mesenchymal stem cells through TGF-β. Cytotechnology 2019, 71, 57–65.

Retrieved from https://encyclopedia.pub/entry/history/show/50294


