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The term Regenerative Medicine was first coined in 1992 by Leland Kaiser1. Depending on the area of 
specialization, the definition varies. It is an evolving science that focuses on using components from our 
own bodies and external technologies to restore and rebuild our own tissues without surgery2. Closely 
related to Regenerative Medicine is a forward looking approach called Translational Medicine or 
Translational Science3.  As applied to Musculoskeletal Regenerative Medicine, Translational Medicine is 
the application of scientific disciplines including tissue engineers, molecule biologists, researchers, 
industry and practicing clinicians who merge their science and experience to develop new approaches to 
healing tendons and joints. Some aspects of the field are highly complex, confined to laboratories and 
research institutions such as organ regeneration and embryonic stem cell research. Other areas are ready 
for clinical application. As defined by the European Society for Translational Medicine (EUSTM) it is an 
interdisciplinary branch of the biomedical field supported by three main pillars: bench side, bedside and 
community. The bench to bedside model includes transitioning clinical research to community practice 
using interactive science and data to benefit the community as a whole.  

Translational Medicine can be as complex as the research into total organ regeneration, total replacement 
of blood cell systems following cancer chemotherapy, or the scientific and ethical ramifications of 
embryonic stem cell research.45 Out of these efforts have come a group of therapies that are being applied 
by forward looking musculoskeletal practices such as STAR Spine and Sport. Patients and their 
physicians are seeking treatments that allow for the treatment of injured tendons, joints and muscle to 
improve function and reduce pain without surgery. These treatments fit into the continuum of wellness, 
health, rehabilitation and exercise. Younger patients are seeking out earlier return to their sports. Older 
patients want to remain functional and continue to perform at their best. 

 

Regenerative Medicine In MSK 

Surgical treatment of peripheral joints or the spine frequently leaves patients dissatisfied with limited 
function and limited future options. Once the knee meniscectomy or the spine fusions have been 
completed, the potential for tissue restoration is limited.  Treating tendons, cartilage or ligaments 

                                                           
1  Kaiser LR (1992) "The future of multihospital systems" Topics in Health Care Financing 18 (4): 32–45. 
PMID 1631884 
2 http://www.mayo.edu/research/centers-programs/center-regenerative-medicine/patient-care/about-
regenerative-medicine 
3 Cohrs, Randall J.; Martin, Tyler; Ghahramani, Parviz; Bidaut, Luc; Higgins, Paul J.; Shahzad, Aamir. 
"Translational Medicine definition by the European Society for Translational Medicine". New Horizons in 
Translational Medicine 2 (3): 86–88. doi:10.1016/j.nhtm.2014.12.002. 
4 https://www.nibib.nih.gov/science-education/science-topics/tissue-engineering-and-regenerative-medicine 
5 http://stemcells.nih.gov/info/scireport/pages/2006report.aspx 
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surgically requires complicated regimens of immobilization followed by detailed reactivation protocols of 
stretching and strengthening evolving over several months. 

Using the knee joint as an example, a recent Finish study6 published in the Annals of Internal Medicine 
concluded that partial meniscectomy of the knee and sham surgery resulted in no long term benefit or 
functional improvement in long term benefit from surgery.  A recent article in the American Family 
Physician7, Nonsurgical Management of Knee Pain in Adults, reviewed the preferred treatment approach 
to the knee including weight loss, exercise, physical therapy, bracing, corticosteroid injections, visco-
supplementation, and regenerative medicine (mesenchymal stem cells, platelet rich plasma). Both patients 
and practitioners are seeking long term, minimally invasive options for the management of the spine and 
peripheral joints that will reduce pain, improve and maintain function.  

 

Growth factors and cell therapies:  Your blood, bone marrow, and fat (adipose) provide the source for 
most regenerative products used in clinical musculoskeletal practice.  For the purposes of clinical 
treatment of pain and injury to tendons, ligaments, joints, and discs you can be your own donor and 
source of the tissues to aid in the healing and recovery. Growth factors as found in the plasma component 
of your own blood can be used to boost or accelerate the positive healing of tendons, discs or joints. 
Mesenchymal stem cells from your own bone marrow, complemented by hematopoetic stem cells and 
endothelial stem cells or adipose derived stem cells can be used to create a positive cellular environment 
for tissue recovery, reduced inflammation, and reduced pain in joints, discs, and tendons. Currently, the 
FDA has clear guidelines for the use of platelet rich plasma, also called PRP, and bone marrow derived 
stem cells, also call BMACs (bone marrow aspirate concentration).  Guidelines are less clear regarding 
the use of adipose derived stem cells and are pending at this time. 8 The cellular focus of MSK treatments 
is the mesenchymal stem cell. Mesenchymal cells are found in all of us.  

PRP and Mesenchymal stem cell therapies for tendons or joints can be used as separate products or used 
in combination. Both can be repeated as needed.  To use a gardening analogy: 

"..........stem cells are the seed, prp is the fertilizer.............."9 

 

                                                           
6 Ann Intern Med. 2016 Apr 5;164(7):449-55. doi: 10.7326/M15-0899. Epub 2016 Feb 9. 
Mechanical Symptoms and Arthroscopic Partial Meniscectomy in Patients with Degenerative 
Meniscus Tear: A Secondary Analysis of a Randomized Trial. Sihvonen R, Englund M, 
Turkiewicz A, Järvinen TL; Finnish Degenerative Meniscal Lesion Study Group. 

 
7 Non-surgical Management of Knee Pain in Adults 
 
8 Jones BQ, Covey CJ, Sineath MH Jr.Am Fam Physician. 2015 Nov 15;92(10):875-83 
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/CellularandG
eneTherapy/ucm427692.htm. Minimal Manipulation of Human Cells, Tissues, and Cellular and Tissue-Based 
Products: Draft Guidance 
9 Quote attributed to Kristen Comella, MS. Chief Science Officer, US Stem Cell.  
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Or to use a racer's analogy:  

 

"..........PRP is like injecting nitrous into drag racer fuel, more power for a period of time........." 

 

 

 

 

 

 

Platelet Rich Plasma in Musculoskeletal Medicine 

 

PRP is obtained by drawing your blood, placing it in a centrifuge, concentrating, and harvesting the 
component of plasma that contains several rich growth factors important for tissue repair, regeneration, 
and healing. 10These growth factors activate your own natural cells for healing, your own stems cells, 
already present in your tissue. PRP was originally developed by dentists to enhance success from bone 
grafts around dental implants. Treatment dates back into the 1990's.11 PRP has also been used as an 
adjunct to wound open wounds for several years. Platelets are a non-cellular component of blood derived 
from a cell called the megakaryocytic. They are quite small and contain organelles that carry the 
important growth factors for the initiation of tissue healing.  They are responsible for the initial clot after 
tissue injury. In their non-activated form they circulate in the blood stream. When they encounter injured 
tissue, they activate and start to make a clot. They also release several growth factors and start the four 
phases of healing including hemostasis (stopping the bleeding), Inflammation, Proliferation, and 
Remodeling or Maturation.  

To date, there are over 1100 proteins12 that reside in platelet organelles, called granules that are released 
with the platelet activates including: 

 1. Platelet-derived growth factor - PDGF 

 2. Transforming growth factor beta -TGFB 

                                                           
10 Guidelines for the use Use of Platelet Rich Plasma. The International Cellular Medical Society. Draft Version 1.0. 
11 Garg AK. The use of platelet rich plasma to enhance the success of bone grafts around dental implants. Dent. 
Implantol. Update.2000;11(3):17-21.  
 
 
 
12 Nasiek DJ, M.D., Platelet Rich Plasma A New Paradigm of Regenerative Medicine, Master Printing USA, 2012.  

 



 3. Platelet-derived epidermal growth factor - PDEGF 

 4. Vascular endothelial growth factor - VEGF 

 5. Insulin-like growth factor - IGF 

 6. Basic fibroblast growth factor - bFGF 

 7. Epidermal growth factor - EGF 

 8. Cytokines 

 9. Chemokines 

 

 

To a patient, these names can sound confusing. Together these agents communicate with other cells such 
as white blood cells that scrub damaged tissue and protect against infection, begin the process for 
regrowth of extracellular matrix,  have their own antimicrobial effect, and enhance gene activity to 
produce collagen and produce new cells. When PRP is applied to a damaged tendon the first step actively 
recruiting white cells, leads to some local inflammation. The white cells clean out the existing necrotic or 
damaged tissues making ready for the next steps of tissue healing. A treatment of PRP is time limited but 
works over several weeks. It is common to repeat PRP if needed. The decision to repeat the treatment is 
based on the patient’s response. Based on how the PRP is prepared more or fewer white cells are present 
in the preparation. White cells (neutracytes) are important for tendon healing but best kept to a minimum 
with interarticular (joint) injections such as the knee. Price for the procedure will vary based on the 
structure being treated and whether more than one joint is treated at a time.  

 

 

 

 

 

 

 

 

 

 

  

 



 

 

      

 

  

 

 

 

 

 

 

 
 

Some of  our favorite PRP articles: Clicking on the link will take you to Pub Med or Pub Med Central, 
National Library of Medicine.  

 
Lumbar Intradiskal Platelet-Rich Plasma (PRP) Injections: A Prospective, Double-Blind, Randomized 
Controlled Study. Tuakli-Wosornu YA, et al. PM R (2016), 1-10.  
 
Ongoing positive effect of platelet-rich plasma versus corticosteroid injection in lateral epicondylitis: a 
double-blind randomized controlled trial with 2-year follow-up. 
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Gosens T, Peerbooms JC, van Laar W, den Oudsten BL.Am J Sports Med. 2011 Jun;39(6):1200-8. doi: 
10.1177/0363546510397173. Epub 2011 Mar 21.PMID:21422467 
 
Treatment of chronic tendinopathy with ultrasound-guided needle tenotomy and platelet-rich plasma 
injection. 
Finnoff JT, Fowler SP, Lai JK, Santrach PJ, Willis EA, Sayeed YA, Smith J. 
PM R. 2011 Oct;3(10):900-11. doi: 10.1016/j.pmrj.2011.05.015. Epub 2011 Aug 26.PMID:21872551 
 
 
Treatment of tendon and muscle using platelet-rich plasma. 
Mishra A, Woodall J Jr, Vieira A. Clin Sports Med. 2009 Jan;28(1):113-25. doi: 10.1016/j.csm.2008.08.007. Review. 
 
The Use of Biologic Agents in Athletes with Knee Injuries. 
Kopka M, Bradley JP. J Knee Surg. 2016 May 20. [Epub ahead of print] 
 
Efficacy of Platelet-Rich Plasma versus Hyaluronic Acid for treatment of Knee Osteoarthritis: A 
systematic review and meta-analysis. Sadabad HN, Behzadifar M, Arasteh F, Behzadifar M, Dehghan 
HR. Electron Physician. 2016 Mar 25;8(3):2115-22. doi: 10.19082/2115. eCollection 2016 Mar. 
 
Does platelet-rich plasma decrease time to return to sports in acute muscle tear? A randomized controlled 
trial. 
Rossi LA, Molina Rómoli AR, Bertona Altieri BA, Burgos Flor JA, Scordo WE, Elizondo CM. 
Knee Surg Sports Traumatol Arthrosc. 2016 Apr 16. [Epub ahead of print] 
 
 
 
 
Application of Platelet-Rich Plasma to Disorders of the Knee Joint 
Kathryn B. Metcalf, Bert R. Mandelbaum, C. Wayne McIlwraith Cartilage. 2013 October; 4(4): 295–312. 
doi: 10.1177/1947603513487553 PMCID: PMC4297162 
 
State-of-the-Art management of knee osteoarthritis Kenton H Fibel, Howard J Hillstrom, Brian C 
Halpern World J Clin Cases. 2015 February 16; 3(2): 89–101. Published online 2015 February 16. 
oi: 10.12998/wjcc.v3.i2.89PMCID: PMC4317618 
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Stem Cell Therapies in Clinical Musculoskeletal Medicine 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

  

 



Types of stem cells:  

 

Stem cells are also called progenitor cells. One common feature of stem cells is the ability to self- 
replicate, to make more copies of it-self. We all carry adult stem cells that remake themselves every day, 
ready to be used by the body to make new tissues and carry out a host of other communication activities 
that the body requires to maintain and rebuild tissues. Second feature of the cell is to adapt and evolve 
into new tissue when it is exposed to other types of tissue. The more "immature" the cell, the more types 
of tissue it can turn into and the more uncontrollable the response. The most adaptable and unstable cell is 
the embryonic stem cell. Currently there are no clear clinical uses as a result of this instability. Embryonic 
cells are unpredictable and dangerous in clinical practice. Tumors are common.  

 

"...............using an embryonic stem cell is like putting gas on a wildfire..........."13 

 

Fortunately this is not the case for stable adult stem cells. Adult cells are commonly found throughout our 
bodies. They are generally a product of our own bone marrow. The focus cell of MSK medicine is the 
mesenchymal stem cell, also called the pericyte. Formed in the bone marrow, pericytes reside on the walls 
of our small blood vessels, ready to evolve when needed into bone, cartilage, tendon, and adipose tissue.  
For clinical use these cells can be extracted from bone marrow, BMAC cells, and adipose or fatty, also 
called Adipose Derived Stem Cells (ADSC's) or Stromal Vascular Fraction (SVC).  

 

 

 

 

 

 

 

 

 

 

 

                                                           
13 Kristin Comella 

 
 

http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwj4r6yM8IbNAhUOb1IKHZSRAPIQjRwIBw&url=http://cri.utsw.edu/woo-ping-ge-lab/ge-lab-research/&bvm=bv.123325700,d.aXo&psig=AFQjCNEQHns0F8GC1wtJDRQdQrCVQnKTbQ&ust=1464872102082519
http://www.google.com/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi1-e-O74bNAhVLIFIKHbPEBrwQjRwIBw&url=http://www.biovision.com/stem-cell-research-tools-1060/&bvm=bv.123325700,d.aXo&psig=AFQjCNGD32iN6f7MKrHU2Uo_aE3VBdjluQ&ust=1464871634378882


 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Controversies: 

The most controversial cell is clearly the embryonic cell stem. Multiple issues surround this cell including 
scientific, ethical, and religious. Any attention given to this cell must be done in highly controlled 
research environments. The ethical a religious implications are specific to this type of cell and do not 
extend to the use of adult stem cells.  

Adipose cell (ADSC) vs. bone marrow cells (BMAC). The process of isolating bone marrow stromal 
cells, BMACs, is well understood and readily accomplished in skilled clinical environments, such as 
STAR provides. The FDA defines two clinical criteria in its current guidance "Minimal manipulation" 
and "homologous "(same) tissue use. Currently the FDA guidance on use of bone marrow stem cells is 
clear and accepted. Adipose or fat cells, ADSCs, provide another population of cells that can be used to 
obtain stem cells using mini-liposuctions. The process is well understood by skilled MSD stem cell 
clinics. Currently, however, the FDA does not support the use of ADSC's for clinical use based on the 
methods required to isolate the cells from other components of the fat. The FDA also considers moving a 
fat derived stem cell to another location in the body as non-homologous (not the same). For instance, a 
BMAC placed into a knee, shoulder or hip is OK. An ADSC placed into the same structures is not, at the 
moment supported by the FDA.  
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Most clinicians see the value in both types of cells. Practices using ADSC's now are not clearly in 
compliance with FDA regulation. This may change in the near future.  

The mesenchymal stem cell: 

The mesenchymal stem cell is the workhorse of human musculoskeletal regeneration. Mesenchymal stem 
cells reside on the walls or small veins and arteries. They are continuously active regulating body self-
regeneration. MSC's have also been called "The Maestros of the Healing Symphony" or "Medicinal 
Signaling Cells".14 The official medical term is the pericyte. The current role of pericytes, mesenchymal 
stem cells, is attributed to Arnold Caplan, PhD of Case Western University.1516 MSC's continuously 
monitor their environment with regard to three primary areas: 

 1. Immunomodulation includes control of inflammation, pain relief, and management of the 
 existing cell matrix. This is an extremely important component of MSC function. The anti
 inflamatory affect that orchestrates a return to positive tissue production from a "stuck" pattern of 
 inflamation.  

 2. Paracrine Effect: Near-cell signaling.  Cell to cell communication to activate local progenitor 
 cells to produce more tissues.  Also call the mitogenic effect.  

 3. Produce matrix itself the MSC component that subdivide to produce more tissue.  

 

 

 

 

 

 

 

 

 

                                                           
14 Mathew B. Murphy, PhD. The biology, translation, and regulatory environment of regenerative medicine. 
Presentation BostonBiolife Conference, May 7, 2016.  
15 Caplan AL, All MSC's are pericytes? Cell Stem Cell, Volume 3, Issue 3, p229–230, 11 September 2008 
16  Crisan, M, et al. A Perivascular Origin for Mesenchymal Stem Cells in Multiple Human Organs. Cell Stem Cell, 
Volume 3, Issue 3, p301–313, 11 September 2008.  http://dx.doi.org/10.1016/j.stem.2008.07.003 
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When patients come into the office they usually have the idea that putting a stem cell into a joint or 
tendon is all about loading the tissue with additional active growth cells. In reality it is estimated that 
about 5% of the new cells become active in developing new tissue while most of the MSC activity is 
about up-regulating the local environment to heal better and faster, also called 'medicinal signaling' or 
'orchestrating'. 17 Tissues fail to heal when the injury becomes too large "critical size defects', lose access 
to local vascular supply,  lose the ability to make matrix or build effect tissue (scaffolding) .  Older tissues 
are heal less well than younger tissues. One key factor is the body's inability to overcome inflammation. 
The inflammation becomes chronic,  the early positive benefits of acute  inflammation  give way to the 
negative effects of chronic inflammation including pain and failure to heal. So, one of the most important 
aspects of a mesenchymal stem cell treatment is to stop the chronic inflammation and assist the local 
tissues in moving forward on the healing cascade.  

MSC's can be harvested from several sites in the body. The most common sites with the highest 
concentrations are the bone marrow and adipose (fat/lipoaspirate).  The regulatory environment is clearer 
with bone marrow than with fat. At this time there are more scientific articles for bone marrow than 
adipose tissue, but adipose is being studied intensely.  The FDA may clarify the role of clinician to use 
adipose later this year or early in 2017. Other sites where MSC's can be obtained include umbilical cord 
blood, synovial (joint) fluid, amniotic fluid, peripheral blood, and dermis (skin). Related to regeneration 
of musculoskeletal tissue these other sources produce a low yield of cells, are cumbersome to harvest, or 
not well reported.18 As result, the most common cell in clinical use is the bone marrow derived stem cell 
(BMAC) followed by the adipose cell (ADSC). Patients can be easily confused based on the different 
"camps" that are developing regarding these cells. Some of the commercial systems are better than others 
at harvesting one type of cell or the other. As a result marketing efforts can make either cell look better or 
worse than it really is. Best clinical practice, consistent with regulatory guidelines is to use the BMAC but 
be rapidly ready to add the ADSC when the time is right.  

 

 

 

 

 

 

 

 

 

                                                           
17 Kristin Comella, MS. US Stem Cell, Chief Technology Officer.  
18 Wenchun Qu, M.D., PhD., Mayo Clinic Rochester. Advances in Stem Cell Therapy for Degenerative Disc 
Conditions. BostonBiolife May 7, 2016.   

 



 

 

 

Stem Cell Articles: 

 

Where do injectable stem cell treatments apply in treatment of muscle, tendon, and ligament injuries? 
Mautner K, Blazuk J. PM R. 2015 Apr;7(4 Suppl):S33-40. doi: 10.1016/j.pmrj.2014.12.012. Review. PMID: 25864658 
 
Stem cell application for osteoarthritis in the knee joint: A minireview 
Kristin Uth, Dimitar Trifonov World J Stem Cells. 2014 November 26; 6(5): 629–636. Published online 2014 November 
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