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Abstract
Historically, the foundation of physical medicine and rehabilitation training has provided the capabilities to optimize
nonoperative treatments of a variety of musculoskeletal conditions, including acute and chronic muscle, tendon, ligament, and
cartilage disorders. Such treatments include the use of nonsteroidal anti-inflammatory drugs (NSAIDs), therapeutic modalities (eg,
thermal and manual therapies), and corticosteroid injections in conjunction with specific rehabilitation exercises. Although
NSAIDs, modalities, and corticosteroids may be helpful for short-term pain reduction and early recovery of function, they do not
typically reverse the structural changes associated with degenerative conditions and may contribute to worse long-term outcomes
by potentially interfering with tissue healing. Regenerative interventions, including platelet-rich plasma and mesenchymal stem
cells, recently have been used to treat refractory painful conditions such as chronic tendinopathies because of the potential of
these interventions to facilitate tissue healing. The future development of these regenerative techniques will require a variety of
conditions to be met, including determining the most appropriate procedures based on the disease being treated; establishing the
optimal preparations of these regenerative techniques; and providing clinicians, patients, and regulatory agencies with high-
quality evidence demonstrating the safety, effectiveness, and long-term results of these treatments. Clarification of current
regulatory uncertainty, improved access for all patients, proper training for clinicians who incorporate these techniques into their
practice, and determination of the most appropriate postinjection protocols will allow physical medicine and rehabilitation
specialists to play a unique role in the long-term management of patients with musculoskeletal and sports injuries. This article
will also address the role physiatrists should have in the inevitable growth of regenerative medicine applications.
Introduction

The incorporation of interventional pain procedures,
integration of musculoskeletal ultrasound into clinical
practice, and development of regenerative medicine
techniques have offered providers of musculoskeletal
care additional treatment strategies that feature mini-
mally invasive interventions. These tools have coincided
with increased participation in competitive and recre-
ational sports that are performed repetitively beginning
at a young age and in the context of longer life spans,
leading to an increase in degenerative joint disease and
traumatic and overuse injuries. Thus, the concept of
regenerative interventions has become very appealing
to health care providers. Furthermore, increasing public
awareness of elite and professional athletes and
media coverage of procedures such as stem cell and
platelet-rich plasma (PRP) treatments with reported
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good outcomes have piqued the curiosity of the general
population [1-4]. This situation highlights the need for
PM&R and other sports medicine specialists to be fully
aware of the scientific evidence for these novel tech-
niques and continue to optimize the efficacy of nonop-
erative treatment outcomes [5-7].

The “physiatric approach” provides a unique
perspective in treating patients with a variety of
musculoskeletal conditions, from acute to chronic in-
juries, throughout the continuum of care. This task
first requires identifying an accurate diagnosis of the
pain source through an understanding of functional
anatomy and unique physical examination skills; then a
comprehensive treatment plan that includes the
appropriate use of medications, modalities, and reha-
bilitation treatments can be developed (Figure 1).
Corticosteroid injections and nonsteroidal anti-
inflammatory drugs (NSAIDs) have also been used to
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Figure 1. Physiatric approach to regenerative treatments.
US ¼ ultrasound.
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reduce pain and facilitate the rehabilitation process;
this approach reduces acute symptoms by limiting the
body’s inflammatory response [8-13]. However, these
treatments do not facilitate tissue healing and may in
fact have negative effects on acutely injured bone,
tendon, and other musculoskeletal tissues [14-19].
During the past decade, regenerative techniques such
as PRP and stem cell therapies have been used, based
on their capabilities to facilitate tissue healing.
Although numerous studies have been performed with
promising results, many questions persist regarding
conflicting scientific evidence, cost of treatments, and
regulatory issues pertaining to how these treatments
may be used within U.S. Food and Drug Administration
(FDA) guidelines.

The PastdWhat We Have Learned

Therapeutic modalities have been used for many
years in the treatment of pain after musculoskeletal
injury [20]. Some of the classic modalities such as
electrical stimulation and therapeutic ultrasound are
beneficial in reducing acute symptoms, specifically pain
and associated arthrogenic inhibition, along with local
inflammation [21,22]. Their value in the long-term re-
covery of soft tissue and articular damage is less clear
and is not well supported in the medical literature [21].
Some newer techniques such as extracorporeal shock
wave therapy and soft tissue laser have gained popu-
larity because proponents believe they provide more
benefit for actual tissue healing when compared with
the more classic modalities [22-24]. However, evidence
supporting their widespread use and their role in the
long-term healing response is lacking.

The use of NSAIDs has been a mainstay in the treat-
ment of musculoskeletal injuries, and NSAIDs are the
most commonly prescribed medication in sports medi-
cine [11,12]. In persons with acute injuries, including
ankle sprains and tendon injuries, these medications
can provide effective short-term pain relief that is likely
related to both their anti-inflammatory and analgesic
properties [11,12]. However, the concern has arisen
that inhibiting prostaglandins and reducing the inflam-
matory response may result in impaired tendon healing
by reducing fibroblast proliferation and migration and
adversely affect fracture healing by preventing callus
formation [8,11-16].

Intra-articular and soft tissue corticosteroid in-
jections are also interventions that are used
frequently. These injections also likely provide
short-term pain relief, which may facilitate earlier
participation in a comprehensive rehabilitation pro-
gram. However, pain and dysfunction due to chronic
tendinopathies are highly recurrent, and increasing
evidence suggests that corticosteroids may adversely
affect tendon and cartilage structural properties.
Therefore, the use of corticosteroids in the clinical
setting of recurrent injury, or when evidence of tendon
or cartilage degeneration is present, should be avoided
unless there is a clear necessity for short-term
symptom relief to meet other patient-specific goals
[8,9,17-19,25].

These aforementioned treatments must be combined
with therapeutic exercise, such as strengthening,
stretching, and stability training, to have an impact on
long-term recovery, which clearly requires patient
compliance for lasting effects [26]. For example, the
use of quadriceps strengthening and improved neuro-
muscular education has been widely reported as effec-
tive in reducing pain and improving quality of life in
patients who have knee osteoarthritis [27,28]. The
effectiveness of incorporating eccentric training and
flexibility exercises for Achilles and other tendino-
pathies has also been documented [29]. However, it
must be emphasized that even these reactivation stra-
tegies may not result in rejuvenated tissues, and the risk
of reinjury remains greater once the degenerative pro-
cess ensues.
The PresentdUncertain Yet Developing

With the current understanding that a majority of
musculoskeletal conditions are related to suboptimal
healing responses or tissue degeneration, treatments
historically directed at “inflammation” have been
challenged [8-10]. This situation has led to the
increasing application of regenerative techniques that
offer patients minimally invasive treatment alternatives
that can potentially facilitate the reversal of degener-
ative changes in various tissue types.

Prolotherapy, PRP, and mesenchymal stem cells are
being used in the treatment of tendinopathies, ligament
injuries, and degenerative joint disease, with an
increasing number of both animal and clinical studies to
support their use. Some evidence indicates that these
treatments may be superior to the traditional treatment
interventions from the “past” [5-7,20].



Figure 2. Challenges faced to optimize potential.
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However, evidence regarding the efficacy of these
treatments (particularly PRP) continues to be conflicting
because of the great variability in the preparations and
techniques used in the delivery of these treatments. For
PRP, these variables include the optimal number of
platelets, the role of leukocytes, the need for activa-
tion, the time frame before additional interventions,
and the optimal post-treatment rehabilitation [30].
Even more complex issues exist with regard to the
standardization of treatments using stem cells [5].
These issues include the debate over using bone marrow
aspirate or adipose tissue, the exact protocol regarding
extraction, and regulatory issues regarding expanding
stem cells. In addition to the challenge of deciphering
the appropriate treatment protocols for any given
disease, the long-term effects (both positive and nega-
tive) of these therapies remain unknown.

In addition, although some centers are actively
treating patients with autologous stem cells, most
payers consider stem cell treatment to be “experi-
mental” and thus not a covered treatment. Considering
patient cost and lack of conclusive scientific evidence
for the effectiveness of these procedures, clinical
application remains limited. In addition, training
opportunities in regenerative medicine remain limited,
and such training is not standardized.
The FuturedOpportunity and Challenges

Attempting to predict future trends and de-
velopments in regenerative medicine presents a difficult
task because of ongoing scientific, economic, and reg-
ulatory uncertainties (Figure 2). However, based on the
current state of knowledge, the prospect of tissue
regeneration and modulation of the healing response
remains promising and enticing for medical specialists
treating these various musculoskeletal degenerative
conditions. An objective look at the current landscape
identifies different challenges that will have to be met
and questions that need to be answered in the near and
mid-term future.

Economic considerations are inevitable when
contemplating the development and implementation of
regenerative medicine techniques. Incorporating the
equipment necessary for the application of PRP or
mesenchymal stem cells to a medical practice requires a
sizable investment in training, equipment, and staffing
and, likely, an increase in liability coverage. An ongoing
issue is who will (should) cover the cost of these pro-
cedures: the patient or a third-party payer? In addition,
will these payments cover the expense of the procedure
and the investment from the practitioner? Further, will
these treatments result in a reduction in the overall cost
of these various conditions? The cost of these therapies
may also result in accessibility issues, with patients
being classified as those who can afford these cutting-
edge procedures and those who will only receive
treatments covered by their insurance companies.

Increasing but as of yet insufficient high-level
evidence exists that these newer interventions are
effective for the treatment of tendinopathy [10] and
mild to moderate osteoarthritis [7]. Further high-quality
research is necessary to answer questions such as
optimal patient selection (eg, age, activity level,
weight, and the severity and chronicity of the condi-
tion), the type and timing of such procedures, and when
to repeat regenerative interventions versus using con-
ventional treatments or surgery. It will also be necessary
to document that regenerative techniques are cost-
effective when compared with currently available
interventions.

Rehabilitation programs that follow regenerative
interventions will need to be optimized. Currently no
trials have been published that compare different
rehabilitation protocols, including their efficacy and
effectiveness. Current rehabilitation concepts of pro-
gression from early load protection to functional
training [30-32] require comparison with alternative
(eg, slower or accelerated) protocols to determine the
optimal approach to rehabilitation after these regen-
erative procedures.

The lack of a solid scientific basis begs the question of
whether physiatrists should be using these techniques to
treat patients before the data are more conclusive.
Furthermore, incorporating these techniques into
physiatric residency training presents the conundrum of
whether residents should receive education and training
in these interventions with evolving scientific data, or
whether this training should be provided at more
advanced levels such as accredited fellowships in pain
or sports medicine.

Economic and accessibility issues, the lack of solid
scientific data, and the incorporation of regenerative
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interventions in residency curriculums and clinical
practice will all be affected by how the regulatory
landscape overlooking these techniques is shaped in the
coming years. The current regulatory framework in-
cludes the fact that the FDA is considering limiting
same-day procedures involving centrifugation, and that
manipulation or cultivation of mesenchymal stem cells
will not be permitted in clinical practice [33-34]. It
should be expected that more regulatory challenges will
arise as novel techniques are introduced.

In the future, we can foresee that the use of NSAIDs
and corticosteroid injections will likely be greatly
reduced in persons with chronic degenerative condi-
tions; PRP will more commonly be used for chronic
refractory tendon disorders, such as lateral epicondyl-
opathy and patellar tendinopathies; and mesenchymal
stem cells will be used to treat mild to moderate
cartilage injury and knee osteoarthritis. This approach
should be followed by evidence-based postinjection
treatment protocols, including comprehensive rehabili-
tation programs. To fulfill the potential of regenerative
medicine for these common and debilitating conditions,
a greater burden has been placed upon clinicians and
researchers to provide a clear rationale and scientific
basis for regenerative techniques and to prove that
these newer interventions (1) are safe and effective, (2)
will benefit patients with degenerative disease, overuse
injuries, and traumatic injuries, and (3) will result in a
reduction of the long-term costs of musculoskeletal
disability. Regenerative techniques can provide exciting
new alternatives to improve long-term outcomes in
persons with muscle/tendon tears, tendinopathy,
cartilage injury, early osteoarthritis, and possibly spine
disorders. Evaluating the best combination, timing, and
frequency of regenerative interventions is of vital
importance. Future research should also be focused on
optimizing postintervention protocols and return to ac-
tivity criteria after these treatments. Although “inter-
ventional physiatrists” may seek opportunities to
perform these regenerative medicine procedures, the
real value from physiatry for patients may be based on
the study of how to thoughtfully and appropriately
incorporate these treatments into well-established
principles of nonoperative treatment and the post-
procedural implementation of exercise and training
protocols after these regenerative proceduresdthe
opportunity and the challenge.

Summary

Because of a surge in sports participation and phys-
ical activity, more patients are presenting to physical
medicine and rehabilitation physicians with overuse or
degenerative injuries. With increased media coverage
of innovative treatment techniques such as PRP and
stem cells, the lay public has a greater interest in these
procedures. Despite the intrigue accompanying
regenerative techniques, the use of these treatments
must follow sound medical judgment based on the
pathophysiology and contemporary evidence of efficacy
and safety. Commonly used treatments such as NSAIDs
and corticosteroid injections have a limited role in
providing short-term pain relief as an adjunct to
comprehensive rehabilitation; however, the current
evidence argues against their use in persons who have
chronic degenerative conditions without inflammation.
It is when other comprehensive rehabilitation treat-
ments have failed in patients with refractory pain that
regenerative treatments such as PRP and stem cell
therapies may have a role in facilitating tissue healing
and functional rehabilitation. Postprocedure rehabili-
tation should be based on the underlying tissue pathol-
ogy and an understanding of the tissue healing process
specific to the patient’s injury. The physiatrist’s un-
derstanding of functional anatomy, biomechanics, mo-
dalities, and rehabilitation methods makes him or her
uniquely trained to provide care that optimizes nonop-
erative treatments to patients with various musculo-
skeletal conditions, strategically integrating new
regenerative treatments when necessary. It is critical
that regenerative treatments be viewed as comple-
mentary to a broader rehabilitation approach. The po-
tential of regenerative medicine will be determined by
how physiatrists and other musculoskeletal specialists
meet the scientific, regulatory, and economic chal-
lenges related to these interventions.
References

1. Bresnahan M, Turner B. Kobe Bryant undergoes a different kind
of knee procedure. Los Angeles Times, June 30, 2011. Available
at: http://articles.latimes.com/2011/jun/30/sports/la-sp-kobe-
bryant-knee-20110701. Accessed January 28, 2015.

2. Pincus E. Pau Gasol has knee procedure, to receive stem cell in-
jections. Los Angeles Times, May 9, 2013. Available at: http://
www.latimes.com/sports/lakers/lakersnow/la-sp-ln-lakers-pau-
gasol-knee-procedure-20130509-story.html. Accessed January
28, 2015.

3. Clarey C. Sharapova is back in the game and as driven as ever.
The New York Times, December 15, 2013. Available at: http://
www.nytimes.com/2013/12/16/sports/tennis/sharapova-is-back-
in-the-game-and-as-driven-as-ever.html?pagewanted¼all&_r¼2&.
Accessed January 28, 2015.

4. Kovaleski SF. Pitcher’s treatment draws scrutiny. The New York
Times, May 11, 2011. Available at: http://www.nytimes.com/
2011/05/12/sports/baseball/disputed-treatment-was-used-in-bartolo
-colons-comeback.html?pagewanted¼1&_r¼3&hp. Accessed January
28, 2015.

5. Centeno CJ. Clinical challenges and opportunities of mesenchymal
stem cells in musculoskeletal medicine. PM R 2014;6:70-77.

6. Bashir J, Sherman A, Lee H, Kaplan L, Hare JM. Mesenchymal stem
cell therapies in the treatment of musculoskeletal diseases. PM R
2014;6:61-69.

7. Vora A, Borg-Stein J, Nguyen RT. Regenerative injection therapy
for osteoarthritis: Fundamental concepts and evidence-based
review. PM R 2012;4(5 suppl):S104-S109.

8. Scott A, Docking S, Vicenzino B. Sports and exercise-related ten-
dinopathies: A review of selected topical issues by participants of

http://articles.latimes.com/2011/jun/30/sports/la-sp-kobe-bryant-knee-20110701
http://articles.latimes.com/2011/jun/30/sports/la-sp-kobe-bryant-knee-20110701
http://www.latimes.com/sports/lakers/lakersnow/la-sp-ln-lakers-pau-gasol-knee-procedure-20130509-story.html
http://www.latimes.com/sports/lakers/lakersnow/la-sp-ln-lakers-pau-gasol-knee-procedure-20130509-story.html
http://www.latimes.com/sports/lakers/lakersnow/la-sp-ln-lakers-pau-gasol-knee-procedure-20130509-story.html
http://www.nytimes.com/2013/12/16/sports/tennis/sharapova-is-back-in-the-game-and-as-driven-as-ever.html?pagewanted=all%26_r=2%26
http://www.nytimes.com/2013/12/16/sports/tennis/sharapova-is-back-in-the-game-and-as-driven-as-ever.html?pagewanted=all%26_r=2%26
http://www.nytimes.com/2013/12/16/sports/tennis/sharapova-is-back-in-the-game-and-as-driven-as-ever.html?pagewanted=all%26_r=2%26
http://www.nytimes.com/2013/12/16/sports/tennis/sharapova-is-back-in-the-game-and-as-driven-as-ever.html?pagewanted=all%26_r=2%26
http://www.nytimes.com/2013/12/16/sports/tennis/sharapova-is-back-in-the-game-and-as-driven-as-ever.html?pagewanted=all%26_r=2%26
http://www.nytimes.com/2011/05/12/sports/baseball/disputed-treatment-was-used-in-bartolo-colons-comeback.html?pagewanted=1%26_r=3%26hp
http://www.nytimes.com/2011/05/12/sports/baseball/disputed-treatment-was-used-in-bartolo-colons-comeback.html?pagewanted=1%26_r=3%26hp
http://www.nytimes.com/2011/05/12/sports/baseball/disputed-treatment-was-used-in-bartolo-colons-comeback.html?pagewanted=1%26_r=3%26hp
http://www.nytimes.com/2011/05/12/sports/baseball/disputed-treatment-was-used-in-bartolo-colons-comeback.html?pagewanted=1%26_r=3%26hp
http://www.nytimes.com/2011/05/12/sports/baseball/disputed-treatment-was-used-in-bartolo-colons-comeback.html?pagewanted=1%26_r=3%26hp
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref1
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref1
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref2
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref2
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref2
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref3
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref3
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref3
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref4
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref4


S80 Role of Physiatry in Regenerative Medicine
the second International Scientific Tendinopathy Symposium (ISTS)
Vancouver 2012. Br J Sports Med 2013;47:536-544.

9. Rees J, Stride M, Scott A. Tendonsdtime to revisit inflammation.
Br J Sports Med 2014;48:1553-1557.

10. Morrey ME, Dean BJ, Carr AJ, Morrey BF. Tendinopathy: Same
disease different resultsdwhy? Oper Tech Orthop 2013;23:39-49.

11. Lilly KF. Athletes, NSAID, coxibs, and the gastrointestinal tract.
Curr Sports Med Rep 2010;9:103-105.

12. Kaminski TW, Hertel J, Amendola N, et al. National Athletic
Trainers’ Association position statement: Conservative manage-
ment and prevention of ankle sprains in athletes. J Athl Train
2013;48:528-545.

13. Ziltener J, Leal S, Fournier P. Non-steroidal anti-inflammatory
drugs for athletes: An update. Ann Phys Rehabil Med 2010;53:
278-288.

14. Chen MR, Dragoo JL. The effect of nonsteroidal anti-inflammatory
drugs on tissue healing. Knee Surg Sports Traumatol Arthrosc 2013;
21:540-549.

15. Geusens P, Emans PJ, Jong JJ, Bergh JV. NSAIDs and fracture
healing. Curr Opin Rheumatol 2013;25:524-531.

16. Paoloni JA, Milne C, Orchard J, Hamilton B. Non-steroidal anti-
inflammatory drugs in sports medicine: Guidelines for practical
but sensible use. Br J Sports Med 2009;43:863-865.

17. Beitzel K, McCarthy MB, Cote MP, et al. The effect of ketorolac
tromethamine, methylprednisolone, and platelet-rich plasma on
human chondrocyte and tenocyte viability. Arthroscopy 2013;29:
1164-1174.

18. Coombes BK, Bisset L, Vicenzino B. Efficacy and safety of corti-
costeroid injections and other injections for management of ten-
dinopathy: A systematic review of randomised controlled trials.
Lancet 2010;376:1751-1767.

19. Nichols AW. Complications associated with the use of corticoste-
roids in the treatment of athletic injuries. Clin J Sports Med 2005;
15:370-375.

20. Valen PA, Foxworth J. Evidence supporting the use of physical
modalities in the treatment of upper extremity musculoskeletal
conditions. Curr Opin Rheumatol 2010;22:194-204.

21. Tsai WC, Tang ST, Liang FC. Effect of therapeutic ultrasound on
tendons. Am J Phys Med Rehabil 2011;90:1068-1073.

22. Mani-Babu S, Morrissey D, Waugh C, Screen H, Barton C. The
effectiveness of extracorporeal shock wave therapy in lower limb
tendinopathy: A systematic review [published online ahead of
print]. Am J Sports Med 2014 May 9.

23. Speed C. A systematic review of shockwave therapies in soft tissue
conditions: Focusing on the evidence. Br J Sports Med 2014;48:
1538-1542.

24. AlvesAN,FernandesKP,DeanaAM,Bussadori SK,Mesquita-Ferrari RA.
Effects of low-level laser therapy on skeletal muscle repair: A
systematic review. Am J Phys Med Rehabil 2014;93:1073-1085.

25. Gosens T, Peerbooms JC, Laar WV, Oudsten BL. Ongoing positive
effect of platelet-rich plasma versus corticosteroid injection in
lateral epicondylitis: A double-blind randomized controlled trial
with 2-year follow-up. Am J Sports Med 2011;39:1200-1208.

26. Micheo W, Baerga L, Miranda G. Basic principles regarding
strength, flexibility, and stability exercises. PM R 2012;4:805-811.

27. Vincent KR, Vincent HK. Resistance exercise for knee osteoar-
thritis. PM R 2012;4(5 suppl):S45-S52.

28. Iwamoto J. Effectiveness of exercise for osteoarthritis of the knee:
A review of the literature. World J Orthop 2011;2:37-42.

29. Murtaugh B, Ihm JM. Eccentric training for the treatment of ten-
dinopathies. Curr Sports Med Rep 2013;12:175-182.

30. Mautner K, Malanga G, Colberg R. Optimization of ingredients,
procedures and rehabilitation for platelet-rich plasma injections
for chronic tendinopathy. Pain Manag 2011;1:523-532.

31. Ark MV, Akker-Scheek IV, Meijer L, Zwerver J. An exercise-based
physical therapy program for patients with patellar tendinopathy
after platelet-rich plasma injection. Phys Ther Sport 2013;14:
124-130.

32. Finnoff JT, Fowler SP, Lai JK, et al. Treatment of chronic tendin-
opathy with ultrasound-guided needle tenotomy and platelet-rich
plasma injection. PM R 2011;3:900-911.

33. Regulations.gov Web site. Same surgical procedure exception
questions and answers regarding the scope of the exception; draft
guidance for industry; availability. Available at: http://www.
regulations.gov/?elq¼3ff5b8047ab24463aa9991e03f221745&elq
CampaignId¼1306#!documentDetail;D¼FDA-2014-D-1584-0001.
Accessed January 28, 2015.

34. U.S. Food and Drug Administration. Minimal manipulation of human
cells, tissues, and cellular and tissue-based products: Draft guid-
ance. Available at: http://www.fda.gov/BiologicsBloodVaccines/
GuidanceComplianceRegulatoryInformation/Guidances/Cellularand
GeneTherapy/ucm427692.htm. Accessed January 28, 2015.
Disclosure
F.S. Department of Physical Medicine, Rehabilitation & Sports Medicine, Sports
Medicine Fellowship Program, University of Puerto Rico School of Medicine, San
Juan, Puerto Rico;
Disclosure: nothing to disclose

L.B. Department of Physical Medicine, Rehabilitation & Sports Medicine, Sports
Medicine Fellowship Program, University of Puerto Rico School of Medicine, San
Juan, Puerto Rico
Disclosure: nothing to disclose
W.M. Department of Physical Medicine, Rehabilitation & Sports Medicine, Sports
Medicine Fellowship Program, University of Puerto Rico School of Medicine, San
Juan, Puerto Rico; Department of Physical Medicine, Rehabilitation & Sports
Medicine, Sports Medicine Fellowship Program, University of Puerto Rico School
of Medicine, San Juan, Puerto Rico. Address correspondence to: W.M.; PO Box
365067, San Juan, Puerto Rico 00936-5067; e-mail: william.micheo@upr.edu
Disclosure: nothing to disclose

Submitted for publication September 4, 2014; accepted January 9, 2015.

http://refhub.elsevier.com/S1934-1482(15)00011-8/sref4
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref4
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref5
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref5
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref5
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref6
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref6
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref6
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref7
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref7
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref8
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref8
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref8
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref8
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref9
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref9
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref9
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref10
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref10
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref10
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref11
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref11
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref12
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref12
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref12
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref13
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref13
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref13
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref13
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref14
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref14
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref14
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref14
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref15
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref15
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref15
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref16
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref16
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref16
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref17
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref17
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref18
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref18
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref18
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref18
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref19
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref19
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref19
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref20
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref20
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref20
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref21
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref21
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref21
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref21
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref22
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref22
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref23
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref23
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref24
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref24
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref25
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref25
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref26
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref26
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref26
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref27
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref27
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref27
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref27
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref28
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref28
http://refhub.elsevier.com/S1934-1482(15)00011-8/sref28
http://www.regulations.gov/?elq=3ff5b8047ab24463aa9991e03f221745%26elqCampaignId=1306#!documentDetail;D=FDA-2014-D-1584-0001
http://www.regulations.gov/?elq=3ff5b8047ab24463aa9991e03f221745%26elqCampaignId=1306#!documentDetail;D=FDA-2014-D-1584-0001
http://www.regulations.gov/?elq=3ff5b8047ab24463aa9991e03f221745%26elqCampaignId=1306#!documentDetail;D=FDA-2014-D-1584-0001
http://www.regulations.gov/?elq=3ff5b8047ab24463aa9991e03f221745%26elqCampaignId=1306#!documentDetail;D=FDA-2014-D-1584-0001
http://www.regulations.gov/?elq=3ff5b8047ab24463aa9991e03f221745%26elqCampaignId=1306#!documentDetail;D=FDA-2014-D-1584-0001
http://www.regulations.gov/?elq=3ff5b8047ab24463aa9991e03f221745%26elqCampaignId=1306#!documentDetail;D=FDA-2014-D-1584-0001
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/CellularandGeneTherapy/ucm427692.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/CellularandGeneTherapy/ucm427692.htm
http://www.fda.gov/BiologicsBloodVaccines/GuidanceComplianceRegulatoryInformation/Guidances/CellularandGeneTherapy/ucm427692.htm
mailto:william.micheo@upr.edu

	The Role of Physiatry in Regenerative Medicine: The Past, The Present, and Future Challenges
	Introduction
	The Past—What We Have Learned
	The Present—Uncertain Yet Developing
	The Future—Opportunity and Challenges
	Summary
	References


