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Introduction
Regenerative medicine (RM) is an emerging area of medicine, with a 
scientific, technological, and clinical nature, designed to maximize the 
body’s tissue repair process, resulting in more efficient structural and 
functional restoration levels of damaged tissues and organs [1,2]. Its 
central strategies are the application of cells, signaling biomolecules, 
and scaffolds, used alone or in combination, to favorably influence 
the microenvironment of a lesion site, accelerating and enhancing the 
pathophysiological intrinsic events of the repair process [3]. Thanks 
to technological and scientific advances, and promising preclinical 
and clinical results from the last 3 decades of research, RM has been 
explored clinically and gradually integrated into the therapeutic 
arsenal in several areas of medicine [4]. A natural consequence of 
the growing insertion of RM is the need to identify and characterize 
the type of interference exerted when associated with conventional 
therapeutic approaches, ensuring that the benefits achieved by the 
interference are constructive.

Physiotherapy (Pt) is among the areas impacted by the advancement 
of RM. Sharing the same objectives as RM (intervening in the repair 
process to restore the structure and function of tissues and organs) 
but using mechanical and electrophysical resources, the advantageous 
possibility of combining the two techniques became evident [5]. 
The expectation, which has already been scientifically supported, is 
that the integrative influence of these modalities will provide results 
superior to those expected from an isolated approach. The insertion 
of knowledge linked to the principles, methods, and techniques of RM 
in the context of Pt determined the spontaneous emergence of a new 

sub-area, regenerative physiotherapy (RPt). The expectation is that the 
scientific and technological development of RPt, in parallel with the 
development of RM, will increase the efficacy and therapeutic success 
of treatments for tissue and organ damage associated with the most 
diverse pathological conditions [6]. Furthermore, the development 
of these areas is also expected to establish the limits and restrictions 
associated with the combined use of therapies, conditions that, if not 
respected, are potentially critical for patients [7].

Background 
Tissue Injury and Repair
Biological tissues have a widely differentiated function conferring 
a high specificity to the organs and systems they comprise. They 
have a peculiar structural characteristic, a diverse and specialized 
cellular contingent immersed in an abundant and complex structure 
constituted by the extracellular matrix it produces. To maintain the 
functionality of these organs and systems, the structure of the tissue 
must be preserved or restored in cases where tissue damage has 
occurred. Tissue restoration after injury is an inherent phenomenon 
to all biological tissues, of an intrinsic and spontaneous nature. This 
process is based on a sequence of highly orchestrated cellular events 
that result in tissue neoformation. On the other hand, the efficiency 
of this process concerning the quantity and quality of the tissue 
formed is not similar, varying from the recovery of the original tissue 
(regeneration) to the formation of a replacement tissue (healing), with 
a direct impact on its function [8].
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Abstract
The term “regenerative physiotherapy” (RPt) characterizes an emerging and little-known area of physiotherapy aimed at the study, scientific/
technological development and application of physiotherapy principles and techniques as an adjuvant to recent approaches in regenerative 
medicine (RM). Due to the emergence and accelerated advancement of RM, a multidisciplinary science that has been presenting promising 
and revolutionary results in the treatment of previously untreatable injuries and diseases, “regenerative” physiotherapy has come to represent 
a powerful complementary alternative, considering that it shares the same regenerative principles and strategies of the newly established area. 
Recent scientific evidence, based on preclinical research, reinforces the potential of RPt. On the other hand, it also demonstrates the risks 
associated with the improper use of its techniques. This review aims to briefly explain the definition and basic concepts of physiotherapy and 
regenerative medicine, providing an update and creating awareness among physiotherapists about the benefits and risks associated with its use.
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The main determining factors for the efficiency of the tissue repair 
process include the type and severity of the injury, the intrinsic 
regenerative potential of the tissue (related to the characteristics of 
the constitutive cellular contingent), and the influence exerted by 
external stimuli applied to the tissue during the repair. Unfavorable 
conditions such as those related to more extensive injuries and/or 
those manifested in tissues with limited regenerative potential often 
result in irreversible impairments, significantly impacting quality 
of life levels even with the conventional therapeutic approaches 
available. For these cases, science seeks new strategies to improve the 
therapeutic results [9].

Regenerative Medicine
MR is a contemporary interdisciplinary area of science aimed at 
scientific and technological advancement applied to medicine. Its 
main objective is to develop and consolidate principles, methods, 
and therapeutic techniques capable of maximizing the regenerative 
process of damaged tissues and organs, restoring their structure 
and function optimally. It is considered a frontier area of medical 
science, with the potential to revolutionize therapeutic approaches 
concerning its ability to provide a definitive cure for certain diseases 
currently treated only by controlling symptoms.

The basic principle of MR consists of modulating the function 
of cells involved in the inflammatory and fibroproliferative 
phases of the repair process, seeking to maximize their function 
(viability, proliferation, differentiation, and modulation of the 
microenvironment), and respecting the normal course of intrinsic 
events to improve the quality of the newly formed tissue. The term 
MR is highly representative of this principle, aiming at the full 
reconstitution of the structure of a tissue (regeneration) through 
specific medical approaches, determining your full functional 
recovery [10].

To achieve this goal, MR uses 3 basic strategies: cell-based therapy 
(CBT), signaling biomolecule-based therapy (SBBT), and support-
based therapy (SBT), administered alone or in combination.

Cell-Based Therapy
Cell-based therapy (CBT), the most relevant of the MRI strategies, 
consists of administering healthy cells to an injury site so that they 
can increase the repair cell contingent. The expectation is that this 
contingent, now in a higher number, has greater ease in exercising the 
regulatory functions of regenerative events and tissue repopulation 
with specialized cells. CBT can involve the use of either differentiated 
or undifferentiated cells (stem cells - SC) [11].

SCs represent the main source used in CBT, given their exclusive 
potential for self-renewal (proliferation), cell differentiation, and 
microenvironment modulation. In synchrony and synergy with 
the tissue cells, they more effectively reconduct the peculiar events 
of the initial formation of the tissues (regeneration), enabling 
the restoration of the original structure and function [12]. The 
effectiveness of this technique depends on several factors, including 
the intrinsic repair potential of the target tissue, the source of 
obtaining the cells (embryonic, somatic, or induced), the number 
of cells administered, association with other MR strategies 
(biomolecules and/or scaffolds), association with external stimuli 
(Pt), and the age and clinical condition of the patient [13].

Signaling Biomolecule-Based Therapy
Cells play a central role in controlling the processes of genesis, 
maintenance, and repair of tissues and organs. This control 
depends on a complex mechanism of intercellular communication, 
enabling an orchestrated cellular action responsible for the success 
of each process. Among the mechanisms involved in intercellular 
communication, the chemical one stands out, in which signaling 
biomolecules produced by the cells, such as growth factors and 
cytokines, disperse after release and interact with neighboring cells 

(paracrine or autocrine control) or even at a distance (endocrine), 
exercising their regulatory functions [14].

In the natural sequence of the repair process, these biomolecules 
are produced and released in a strictly controlled and orchestrated 
manner, determining the correct sequence of specific events in 
each of the phases of repair (inflammatory, fibroproliferative, 
and remodeling). Aware of the possibility of contributing to 
this control mechanism, MR proposes the administration of 
exogenous signaling biomolecules obtained by extraction from the 
individual (autologous), produced by molecular biology techniques 
(recombinant molecules), or even by synthetic routes. It is important 
to note that this contribution, to be effective and beneficial, needs to 
occur in synergy with intrinsic events [15].

One of the technologies most explored by MR in this topic, already 
with extensive scientific basis including clinical research, is platelet-
derived growth factors (PGF) [16]. PGFs are obtained simply and 
inexpensively from small samples of the individual’s blood. These 
samples, subjected to different centrifugation protocols for platelet 
concentration and activation, provide a solution (plasma or serum) 
enriched with several growth factors. The objective is to make 
these biomolecules amplify the cellular events responsible for the 
regeneration process [17,18].

Scaffold-Based Therapy
The extracellular matrix (ECM) is a crucial part of biological tissues. 
It provides support for cells and is responsible for determining the 
shape and size of tissues and organs due to its three-dimensional 
structure. The ECM is made up of basic components such as proteins 
and polysaccharides, which are produced by the cells themselves. 
The composition and organization of the ECM vary from one type 
of tissue to another.

Recent scientific advances have shown that the ECM does not only 
perform a support function but is also capable of establishing a 
“dynamic interaction” with resident cells, influencing basic functions 
such as viability, proliferation, differentiation, and even cell death. 
Consequently, RM has utilized SBT to enhance the tissue repair 
process. To this end, it uses biomaterials, of natural or synthetic 
origin, to create a biomimetic three-dimensional structure that 
artificially and provisionally reproduces the ECM, conducting, 
inducing, and guiding regenerative cellular events [19,20].

Physiotherapy
Pt is a branch of applied medical science aimed at studying, 
maintaining, preventing, and restoring the function of tissues and 
organs compromised by genetic disorders, trauma, or acquired 
diseases. Considering the concept that “structure governs function”, 
Pt, to interfere with function, must initially interfere with the 
structure of the tissues and organs. This interference occurs through 
external stimuli applications capable of influencing cellular function. 
To achieve this objective, it uses resources of mechanical [21] (e.g. 
therapeutic exercises and ultrasound) and electromagnetic nature 
(LASER and LED photo biomodulation, short waves, and electrical 
fields) that are assimilated by cells, modulating their functions 
(viability, metabolism, proliferation, differentiation and synthesis of 
biomolecules). Examples of the success of this approach, with extensive 
scientific evidence, are the results achieved by Pt in the treatment of 
traumatic and degenerative injuries of the musculoskeletal system, 
such as muscle, tendon, bone, and chondral injuries. In these cases, 
these external stimuli are expected to maximize the intrinsic cellular 
events of the repair process, appropriately restoring the structure 
and, consequently, the function [22].

Regenerative Physiotherapy
RPt is defined by the American Physical Therapy Association as 
“the integration of principles and approaches from rehabilitation 
and regenerative medicine, with the ultimate goal of developing 
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innovative and effective methods that promote the restoration of 
function through tissue regeneration and repair” [23]. Over the past 
decade, numerous scientific studies have emphasized the potential 
of RPt, leading to increased research efforts aimed at advancing 
methods and techniques for future clinical application, ensuring 
both effectiveness and safety [24]. Examples of conditions explored 
by RPt include the use of mechanotherapy (exercise) and/or bio 
stimulating electrophysical resources (LASER photo biomodulation 
and ultrasound) after CBT or SBBT approaches in bone, tendon, 
and muscle repair [24]. The expectation is that the spectrum of 
conditions benefited by RPt will increase with the scientific and 
technological progress of this new therapeutic approach. On the 
other hand, studies also highlight the risks of deleterious effects, 
reinforcing the need for extensive research before these techniques 
are routinely applied [5].

It is also worth highlighting the need for adjustments in the 
training process of professionals interested in working in this area, 
considering that the principles of RPt are not yet addressed in the 
professional training process [25].

Conclusion
RPt represents an applied, emerging, and promising science of 
PT, resulting from scientific and technological evolution and the 
possibility of convergent integration with the concepts and principles 
of MR. It is based on the administration of external stimuli of various 
natures, capable of maximizing the results triggered by MR strategies 
in search of tissue and organ regeneration. Considering the current 
level of scientific evidence, RPt should be viewed as a promising 
science that is still experimental, requiring scientific advancement 
and professional training prior to the effective implementation of its 
clinical application.

Acknowledgment
We would like to thank the University of Araraquara - UNIARA and 
the Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
- CAPES for their support.

Conflict of Interest
The authors have no competing interests to declare that are relevant 
to the content of this article.

References
1. Mason C, Dunnill P (2008) A brief definition of regenerative medicine. 

Regen Med 3(1):1-5.

2. Zeng Zhou, Wei Feng , B Kamyab Moghadas, N Baneshi, B Noshadi, 
et al. (2024) Review of recent advances in bone scaffold fabrication 
methods for tissue engineering for treating bone diseases and sport 
injuries. Tissue Cell 88: 101456.

3. Patil S (2024) Therapeutic uses of platelet-rich plasma (PRP) in sport 
injuries-A narrative review. JOREP 3: 65-74.

4. Vaish A, Vaishya R (2024) Stem cells in orthopaedics and sports injuries: 
A comprehensive review and future research directions. JOREP 3: 85-
100.

5. Zhang Y, Xiang X, Xi Y, Yan  Liu, Hong Ying Jiang, et al. (2024) 
Mechanisms and applications of the regenerative capacity of platelets-
based therapy in knee osteoarthritis. Biomed Pharmacother 168: 
114932.

6. Sampogna G (2015) Regenerative medicine: Historical roots and 
potential strategies in modern medicine. J Microsc Ultrastruct 3: 135-
140.

7. McKay J (2019) Rehabilitation following regenerative medicine 
treatment for knee osteoarthritis-current concept review. J Clin Orthop 
Trauma 10(1): 1-8.

8. Wang L, Fan L, Chen L, Qiuhong Chen, Qiang Ao, et al. (2024) Progress 
in organ bioprinting for regenerative medicine. Engineering 10(4): 237-
249.

9. Chen M (2024) Advancements in tissue engineering for articular 
cartilage regeneration. Heliyon 10(2).

10. Huang C (2013) Mechanotherapy: Revisiting physical therapy and 
recruiting mechanobiology for a new era in medicine. Trends Mol Med 
19(9): 500-506.

11. Head PL (2016) Rehabilitation considerations in regenerative medicine. 
Phys Med Rehabil Clin N Am 27(4): 645-655.

12. Ambrosio F (2014) Regenerative rehabilitation: Looking back and 
thinking forward. Curr Opin Biomed Eng 25: 100340.

13. Ambrosio F, Steven L Wolf, Anthony Delitto G, G Kelley Fitzgerald, 
Stephen F Badylak, et al. (2010) The emerging relationship between 
regenerative medicine and physical therapeutics. Phys Ther 90: 1807-
1814.

14. Luo T (2024) A review on external physical stimuli with biomaterials 
for bone repair. Chem Eng J 472: 144543.

15. Goetzl EJ (2024) Human stem cells in regenerative medicine. Am J Med 
137(5): 587-591.

16. Lim KT (2022) Mesenchymal stem cells, the secretome and biomaterials: 

Regenerative medicine application. Biocell 46(2): 223-235.

17. Carvalho RA, Rocha Júnior VV, Carvalho AJF, Heloisa Sobreiro Selistre 
de Araújo, Mônica Rosas Costa Iemma, et al. (2021) Poly-(lactic acid) 
and fibrin bioactive cellularized scaffold for use in bone regenerative 
medicine: Proof of concept. J Bioact Compat Polym 36(4): 388-406.

18. Braga SF, Trovatti E, Carvalho RA, Antonio José Felix de Carvalho, 
Mônica Rosas da Costa Iemma, et al. (2020) Bioactive fibrin scaffolds 
for use in musculoskeletal regenerative medicine. Braz Arch Biol 
Technol 63: 1-9.

19. Saranya P (2019) Regenerative medicine curriculum for next-
generation physicians. Nat Partner Journ 1: 8.

20. Goetzl EJ (2024) Human stem cells in regenerative medicine. Am J Med 
137(6): 620-627.

21. Lu J (2014) Small molecules and small molecule drugs in regenerative 
medicine. Drug Discov Today 19(9): 1426-1435.

22. Rondine MH, Parizotto NA, Amaral CST (2018) Inhibitory synergistic 
effect of 830nm LASER radiation and serum-rich in growth factors on 
viability of human fibroblasts in vitro. FASEB J 32(1_suppl): 723.

23. Wang L (2024) Progress in organ bioprinting for regenerative medicine. 
Engineering 10(4): 237-249.

24. James R, Girish Kesturu, Gary Balian, A Bobby Chhabra (2008) Tendon: 
Biology, biomechanics, repair, growth factors, and evolving treatment 
options. J Hand Surg Am 33(6): 981-992.

25. Dong X, Xiaoyu L, Wenyuan L, Zhenke Guo, Tianyu Cai, et al. (2023) 
Adipose stem cells in tissue regeneration and repair: From bench to 
bedside. Regen Ther 23: 145-156.

 3

Citation: Amaral AC, Novais JM, Fonseca BS. Regenerative Physiotherapy: Definition, Concepts and Perspectives.Int J phy. Med & Reh. 
2024 ;1(1) :1-3. DOI : 10.51626/ijpmr.2024.01.00004

Regenerative Physiotherapy: Definition, Concepts and Perspectives

https://pubmed.ncbi.nlm.nih.gov/18154457/
https://pubmed.ncbi.nlm.nih.gov/18154457/
https://pubmed.ncbi.nlm.nih.gov/38663113/
https://pubmed.ncbi.nlm.nih.gov/38663113/
https://pubmed.ncbi.nlm.nih.gov/38663113/
https://pubmed.ncbi.nlm.nih.gov/38663113/
https://ouci.dntb.gov.ua/en/works/96nGWnY9/
https://ouci.dntb.gov.ua/en/works/96nGWnY9/
https://ouci.dntb.gov.ua/en/works/96nGWnY9/
https://www.sciencedirect.com/science/article/pii/S0753332224011107
https://www.sciencedirect.com/science/article/pii/S0753332224011107
https://www.sciencedirect.com/science/article/pii/S0753332224011107
https://www.sciencedirect.com/science/article/pii/S0753332224011107
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6014277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6014277/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6014277/
https://pubmed.ncbi.nlm.nih.gov/30705534/
https://pubmed.ncbi.nlm.nih.gov/30705534/
https://pubmed.ncbi.nlm.nih.gov/30705534/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7582006/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7582006/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC7582006/
https://www.cell.com/heliyon/pdf/S2405-8440(24)01431-2.pdf
https://www.cell.com/heliyon/pdf/S2405-8440(24)01431-2.pdf
https://pubmed.ncbi.nlm.nih.gov/23790684/
https://pubmed.ncbi.nlm.nih.gov/23790684/
https://pubmed.ncbi.nlm.nih.gov/23790684/
https://pubmed.ncbi.nlm.nih.gov/27788900/
https://pubmed.ncbi.nlm.nih.gov/27788900/
https://typeset.io/papers/regenerative-rehabilitation-looking-back-and-thinking-3syef7kc3t
https://typeset.io/papers/regenerative-rehabilitation-looking-back-and-thinking-3syef7kc3t
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996510/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996510/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996510/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2996510/
https://www.sciencedirect.com/science/article/abs/pii/S1385894724052380
https://www.sciencedirect.com/science/article/abs/pii/S1385894724052380
https://pubmed.ncbi.nlm.nih.gov/38795938/
https://pubmed.ncbi.nlm.nih.gov/38795938/
https://www.techscience.com/biocell/v46n10/48205/html
https://www.techscience.com/biocell/v46n10/48205/html
https://journals.sagepub.com/doi/abs/10.1177/0883911521996402
https://journals.sagepub.com/doi/abs/10.1177/0883911521996402
https://journals.sagepub.com/doi/abs/10.1177/0883911521996402
https://journals.sagepub.com/doi/abs/10.1177/0883911521996402
https://www.scielo.br/j/babt/a/nZWnvccVPj7t47wHnpHzJsB/?lang=en
https://www.scielo.br/j/babt/a/nZWnvccVPj7t47wHnpHzJsB/?lang=en
https://www.scielo.br/j/babt/a/nZWnvccVPj7t47wHnpHzJsB/?lang=en
https://www.scielo.br/j/babt/a/nZWnvccVPj7t47wHnpHzJsB/?lang=en
https://www.nature.com/articles/s41536-019-0065-8
https://www.nature.com/articles/s41536-019-0065-8
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6691074/
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6691074/
https://www.sciencedirect.com/science/article/abs/pii/S1359644613004054
https://www.sciencedirect.com/science/article/abs/pii/S1359644613004054
https://www.sciencedirect.com/science/article/pii/S2095809924003163
https://www.sciencedirect.com/science/article/pii/S2095809924003163
https://pubmed.ncbi.nlm.nih.gov/18261674/
https://pubmed.ncbi.nlm.nih.gov/18261674/
https://pubmed.ncbi.nlm.nih.gov/18261674/
https://pubmed.ncbi.nlm.nih.gov/37854632/
https://pubmed.ncbi.nlm.nih.gov/37854632/
https://pubmed.ncbi.nlm.nih.gov/37854632/
https://doi.org/10.51626/ijpmr.2024.01.00004

