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ABSTRACT 
Background: Musculoskeletal (MSK) injuries present a growing clinical challenge globally. Stem cell therapy has 
emerged as a regenerative modality for tissue repair, yet its efficacy is enhanced through adjunct interventions such as 
physiotherapy. 
Objective: This review aims to evaluate the synergistic role of physiotherapy in improving stem cell therapy outcomes 
in MSK injuries. The hypothesis is that physiotherapy interventions enhance stem cell viability, integration, and 
functional recovery outcomes. 
Methods: A systematic review of 21 peer-reviewed studies (2015–2023) was conducted using databases including 
PubMed and Google Scholar. Using the PICO (Population, Intervention, Comparison, Outcome) framework, studies 
involving MSK injuries treated with both physiotherapy and stem cell therapy were selected. Data was extracted on 
methods, outcomes, and intervention specifics. 
Results: Physiotherapy interventions such as early mobilization, progressive loading, manual therapy, and 
electrotherapy positively influenced cellular retention, inflammation modulation, and tissue recovery. Studies showed 
enhanced tendon and ligament healing, faster recovery timelines, and improved functional metrics. 
Conclusion: Physiotherapy significantly enhances the regenerative impact of stem cell therapy. Tailored 
rehabilitation protocols are crucial for maximizing therapeutic outcomes in MSK recovery. Future studies should 
emphasize protocol standardization and long-term outcomes. 
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INTRODUCTION AND BACKGROUND 
Musculoskeletal (MSK) injuries represent a significant global health burden, affecting millions of 
individuals annually and contributing substantially to disability and healthcare costs. According to the 
World Health Organization (WHO), MSK disorders are the second-largest contributor to years lived with 
disability worldwide, underscoring their profound impact on individuals and societies alike. These 
injuries, which encompass conditions such as tendon tears, ligament damage, cartilage degeneration, and 
osteoarthritis, often result in chronic pain, reduced mobility, and impaired quality of life [1, 2]. Despite 
advancements in medical technology and therapeutic interventions, traditional treatment approaches 
have largely focused on symptom management rather than addressing the root causes of tissue damage or 
promoting true tissue regeneration [3, 4]. 
Traditional management strategies for MSK injuries, including anti-inflammatory medications, 
corticosteroid injections, surgical interventions, and conventional physical therapy, frequently fail to 
achieve complete recovery or prevent re-injury. While these methods may offer temporary relief by 
alleviating pain and reducing inflammation, they often leave patients with persistent limitations and an 
ongoing risk of further damage. For instance, corticosteroid injections can mitigate acute inflammation 
but have limited efficacy in promoting tissue repair and may weaken connective tissues over time [5]. 
Similarly, surgical procedures, though sometimes necessary, carry risks of complications, prolonged 
recovery periods, and the potential for incomplete restoration of function [6]. The limitations of these 
conventional treatments have fuelled the demand for innovative, regenerative solutions capable of 
restoring tissue structure and function at a cellular level. Stem cell therapy has emerged as a promising 



International Journal of Environmental Sciences 
ISSN: 2229-7359 
Vol. 11 No. 22s, 2025 
https://theaspd.com/index.php 

3627 
 

approach to address the shortcomings of traditional treatments by leveraging the body’s innate 
regenerative capabilities. Stem cells are undifferentiated cells with the unique ability to self-renew and 
differentiate into specialized cell types, making them an ideal candidate for repairing damaged tissues in 
MSK injuries. Mesenchymal stem cells (MSCs), derived from sources such as bone marrow, adipose tissue, 
and umbilical cord blood, have been extensively studied for their potential to regenerate cartilage, 
tendons, ligaments, and other MSK tissues [7, 8]. 
In the context of cartilage repair, intra-articular injections of MSCs have shown remarkable potential to 
improve joint function and alleviate pain in patients with osteoarthritis. Studies such as those by Clarke 
et al. (2019) and Green et al. (2021) report that over 75% of osteoarthritis cases treated with MSC-based 
therapies demonstrate significant improvements in cartilage repair and joint functionality [1, 2]. Similarly, 
in tendon injuries, stem cell therapy has been shown to enhance collagen synthesis, reduce scar tissue 
formation, and accelerate recovery timelines. Advanced imaging techniques have confirmed higher levels 
of stem cell retention and integration at injury sites, further underscoring the effectiveness of this 
approach [4, 9]. 
However, the success of stem cell therapy is not solely dependent on the cells themselves. Factors such as 
the mechanical environment, inflammatory mediators, and cellular signalling pathways play critical roles 
in determining therapeutic outcomes. For instance, a pro-inflammatory environment may impair stem 
cell viability and hinder tissue repair, while mechanical loading protocols can enhance stem cell 
differentiation and integration into the injured tissue [10, 11]. Thus, optimizing these external factors is 
essential to fully realize the regenerative potential of stem cell therapies. 
Physiotherapy as an Adjunct to Stem Cell Therapy 
Physiotherapy has emerged as a critical adjunct to stem cell therapy, offering a synergistic approach to 
enhance tissue repair, improve functional outcomes, and reduce recovery times. Far from being a mere 
complementary intervention, physiotherapy creates the optimal conditions required for stem cell 
integration and functionality. By employing targeted interventions such as early mobilization, progressive 
loading, manual therapy, and electrotherapy, physiotherapy addresses key factors that influence stem cell 
efficacy, including inflammation, mechanical stimulation, and nutrient exchange [12, 13]. 
Early mobilization techniques are particularly important in preventing scar tissue formation and 
promoting nutrient exchange, both of which are crucial for the survival and efficacy of transplanted stem 
cells [14, 15]. Progressive loading regimens, on the other hand, improve the mechanical properties of 
healing tissues, ensuring that they can withstand functional demands over time. Research by Zhang et al. 
(2018) highlights that tailored loading protocols significantly enhance the mechanical strength and 
resilience of regenerated ligaments [16]. Similarly, manual therapy techniques have been shown to 
modulate inflammation and improve cellular signaling pathways, further supporting stem cell viability 
and integration [17, 13]. 
Electrotherapy has also gained attention for its role in enhancing stem cell survival and activity in MSK 
treatments. Studies by Dawson et al. (2020) and Stevens et al. (2018) demonstrate that modalities such as 
low-frequency electrical stimulation can improve cellular proliferation, reduce apoptosis, and enhance 
tissue repair [18, 19]. These findings highlight the potential of combining physiotherapy modalities with 
stem cell therapy to achieve superior outcomes compared to either intervention alone. 
The Synergistic Relationship Between Physiotherapy and Stem Cell Therapy 
The integration of physiotherapy with stem cell therapy is supported by a growing body of evidence that 
underscores their synergistic relationship. For example, studies by Clarke et al. (2019) and Green et al. 
(2021) provide compelling evidence that physiotherapy enhances stem cell retention and accelerates tissue 
repair when used in tandem with stem cell therapy. Advanced imaging techniques have confirmed that 
patients who undergo physiotherapy alongside stem cell therapy exhibit higher retention rates of 
transplanted cells at injury sites, suggesting improved integration and functionality [4, 9]. 
Physiotherapy’s role in modulating inflammation is particularly noteworthy. Inflammatory mediators play 
a dual role in tissue repair, initially promoting healing but eventually impairing regeneration if left 
unchecked. By employing techniques such as manual therapy, targeted exercises, and electrotherapy, 
physiotherapy helps create a conducive environment for stem cell-mediated repair. Tanaka et al. (2018) 
and Liao et al. (2021) emphasize the importance of cytokine regulation and cellular signaling in 
optimizing stem cell efficacy, highlighting the critical role of physiotherapy in this process [10, 17]. 
Furthermore, tailored rehabilitation protocols have been shown to significantly improve functional 
outcomes and reduce recovery timelines. For instance, Patel et al. (2021) and Stevens et al. (2018) report 
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that patients undergoing progressive loading regimens and electrotherapy demonstrate faster recovery and 
improved tissue functionality compared to those receiving standard care [14, 19]. These findings reinforce 
the importance of integrating physiotherapy into stem cell-based treatments to maximize therapeutic 
benefits. 
 
METHODS 
Search Strategy: A comprehensive search was conducted across PubMed, Google Scholar, and Science 
Direct for English-language peer-reviewed studies published between January 2015 and December 2023. 
The search employed Boolean operators and keywords including: ("stem cell therapy" OR "mesenchymal 
stem cells") AND ("physiotherapy" OR "rehabilitation") AND ("musculoskeletal" OR "MSK injuries") 
AND ("tissue repair" OR "functional recovery"). Filters for human studies and full-text availability were 
applied. 
A total of 324 studies were initially identified. After title and abstract screening, 67 articles remained. 
Full-text screening based on inclusion/exclusion criteria yielded 21 studies that met all parameters. The 
Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA) framework guided the 
selection process. 
Inclusion Criteria (PICO Framework): 
• Population: Individuals with MSK injuries. 
• Intervention: Combined stem cell therapy and physiotherapy 
• Comparison: Standalone stem cell therapy or no physiotherapy 
• Outcomes: Tissue regeneration, reduced inflammation, and functional recovery 
Exclusion Criteria: 
• Non-peer-reviewed articles 
• Studies lacking quantitative physiotherapy components 
• Non-MSK focus 
 
Quality Assessment 
The methodological quality of the included studies was assessed using the Joanna Briggs Institute (JBI) 
Critical Appraisal Tools for randomized controlled trials, cohort studies, and systematic reviews. Factors 
evaluated included selection bias, sample size justification, clarity in physiotherapy protocols, outcome 
validity, and statistical robustness. 
Table 1: Summary of Key Studies Evaluating Combined Stem Cell Therapy and Physiotherapy 

Ref 
No. 

Author 
(Year) 

Aim Methods Outcomes Intervention Details 

(1) 
Clarke H et 
al. (2019) 

Tendon recovery 
post-SCT 

Review 
↑Healing, 
↓Timelines 

Physio + SCT for tendons 

(2) 
Green TR 
et al. 
(2021) 

SCT in sports 
injuries 

Clinical Review ↑Recovery SCT + Rehab Protocols 

(3) 
White JE et 
al. (2020) 

Imaging cell 
integration 

Imaging-based ↑Cell retention SCT + imaging + rehab 

(4) 
Tanaka H 
et al. 
(2018) 

Cytokine role in SCT Experimental 
↓Inflammation, 
↑Repair 

Cytokine modulation + 
SCT 

(5) 
Evans PM 
et al. 
(2022) 

Long-term outcomes Observational ↑Mobility, ↓Pain SCT + exercise + manual 

(6) 
Chen YL et 
al. (2017) 

Ligament repair 
support 

Systematic 
Review 

↑Integrity, 
↓Recovery time 

SCT + Physio modalities 
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(7) 
Dawson A 
et al. 
(2020) 

Electrotherapy in 
SCT 

Experimental 
↑Cell survival, 
↑Tissue repair 

Electrotherapy post-SCT 

(8) 
Ng WK et 
al. (2019) 

Loading protocols in 
cartilage repair 

Comparative 
↑Stem cell 
integration 

Mechanical loading 
regimens 

(9) 
Li RJ et al. 
(2023) 

Assess PT + SCT 
synergy 

Experimental ↑Cell integration Tailored rehab + SCT 

(10) 
Patel MH 
et al. 
(2021) 

Early mobilization 
Controlled 
Trial 

↓Scar, ↑Nutrient 
exchange 

Mobilization + SCT 

(11) 
Zhao L et 
al. (2022) 

Manual therapy 
benefits 

Comparative ↓Pain, ↑Blood flow MT post-SCT 

(12) 
Zhang Y et 
al. (2018) 

Ligament loading 
benefits 

RCT 
↑Strength, 
↓Recovery time 

Progressive loading 

(13) 
Liao TC et 
al. (2021) 

Signaling during 
MSK recovery 

Molecular 
study 

↑Signaling for 
repair 

Physio-influenced 
pathways 

(14) 
Kim JS et 
al. (2020) 

Mobilization for 
integration 

Cohort Study 
↑Repair, 
↑Retention 

Early movement + SCT 

(15) 
Johnson R 
et al. 
(2020) 

Mechanisms in 
cartilage repair 

Review ↑Cell retention 
SCT + 
loading/inflammation 
control 

(16) 
Smith JD et 
al. (2019) 

MSK repair + 
physiotherapy 

Review 
↑Repair, ↓Recovery 
time 

Targeted physio + SCT 

(17) 
Nguyen PV 
et al. 
(2022) 

Innovative 
techniques 

Review ↑Outcomes 
Emerging physio 
modalities 

(18) 
Davis BM 
et al. 
(2018) 

Physio modalities + 
SCT 

Critical review ↑Recovery Manual therapy, loading 

(19) 
Patel RS et 
al. (2022) 

Optimizing rehab 
Clinical 
perspective 

↑Integration, 
↑Function 

Individualized physio 

(20) 
Stevens 
MA et al. 
(2018) 

Combining 
electrotherapy with 
SCT 

Experimental 
↑Cell activity, 
↑Healing 

Electrotherapy + SCT 

(21) 
Zhou KM 
et al. 
(2021) 

PROMs in SCT 
rehab 

PROM 
Analysis 

↑Pain, ↑ROM, 
↑Function 

SCT + rehab protocols 

 
 
 
RESULTS 
The 21 studies reviewed provide compelling evidence for the adjunctive role of physiotherapy in 
enhancing the outcomes of stem cell-based treatments for MSK conditions. Detailed findings are 
presented in Table 1. 
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Tendon and Ligament Healing: Clarke et al. [1] and Chen et al. [6] reported significantly enhanced 
collagen synthesis and structural integrity when physiotherapy modalities such as manual therapy and 
early mobilization were used post-stem cell intervention. 
Functional Recovery in Sports Injuries: Green et al. [2] demonstrated accelerated return-to-play timelines 
and superior patient-reported outcomes in athletes receiving integrated treatment protocols. 
Stem Cell Retention and Viability: White et al. [3] utilized advanced imaging to show improved 
localization and persistence of stem cells at injury sites in physiotherapy-assisted cases. 
Inflammation Control: Studies by Tanaka et al. [4] and Liao et al. [13] showed that physiotherapy not 
only facilitated mechanical conditioning but also regulated pro-inflammatory cytokines, thereby 
enhancing cellular integration. 
Electrotherapy Benefits: Dawson et al. [7] and Stevens et al. [20] emphasized the role of low-frequency 
electrical stimulation in promoting cellular proliferation, angiogenesis, and tissue regeneration. 
Early Mobilization and Loading: Progressive loading regimens (Zhang et al. [12] and early mobilization 
(Patel et al. (10)) were linked with reduced recovery times, minimized scar formation, and improved 
biomechanical properties of healing tissues. 
PROMs and Outcome Metrics: Across the included studies, significant improvements were observed in 
Visual Analogue Scale (VAS) for pain, range of motion (ROM), Knee Injury and Osteoarthritis Outcome 
Score (KOOS), and other validated scales. Zhou et al. [21] analyzed patient-reported outcome measures 
(PROMs) and found notable gains in mobility, pain reduction, and quality of life. 
The cumulative evidence supports that the combination of stem cell therapy with structured 
physiotherapy not only accelerates tissue healing but also provides long-term functional benefits, making 
it a superior therapeutic strategy compared to monotherapies. 
 

 
The charts illustrate the effectiveness of various approaches involving physiotherapy and stem cell therapy 
on MSK recovery. Each bar likely represents a different aspect of recovery or treatment, rated by 
effectiveness percentage.  
 
Key Findings 
1. Functional Recovery Improvements: This category likely shows the highest effectiveness, highlighting 
significant benefits in overall functional recovery. 
2. Enhanced Healing: Tendon Recovery Timelines: Indicates an improvement in the recovery duration 
for tendon injuries. 
3. Reduced Inflammation Enhancing Stem Cell Viability: Suggests that reducing inflammation can 
positively affect the success of stem cell therapy. 
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4. Higher Stem Cell Retention via Physiotherapy: Emphasizes the role of physiotherapy in improving 
the retention of stem cells involved in healing. 
5. Combined Therapies: Improved Functional Outcomes: Shows that combining therapies can yield 
better functional results for patients. 
6. Tailored Physiotherapy: Improved Tendon Healing: Points to personalized physiotherapy 
approaches that enhance tendon healing specifically. 
Overall Impression 
The graphs suggest that integrating physiotherapy with stem cell therapy has a substantial impact on 
recovery outcomes, indicating a collaborative approach could be beneficial in treating MSK conditions 
 
DISCUSSION 
This review highlights the synergistic potential of combining stem cell therapy with physiotherapy in the 
treatment of MSK injuries. Across the included studies, consistent evidence supports that physiotherapy 
not only complements but significantly amplifies the regenerative effects of stem cell therapy. 
Mechanobiological Synergy 
Tailored physiotherapy protocols—particularly progressive loading, early mobilization, and manual 
therapy—facilitate enhanced stem cell activity. Progressive mechanical loading, as reported by Zhang et al., 
improved tissue resilience and strength in ligament repairs, confirming its role in optimizing the cellular 
microenvironment for regeneration [12]. Similarly, early mobilization enhances nutrient diffusion and 
prevents fibrosis, critical for cell viability and integration [11]. 
Electrotherapy and Cell Survival 
Electrotherapy modalities, particularly low-frequency electrical stimulation, demonstrated increased cell 
survival and tissue repair. Dawson et al. and Stevens et al. found these techniques promoted cell 
proliferation and reduced apoptosis [6][20]. This non-invasive adjunct appears vital in improving the 
therapeutic efficacy of stem cell interventions. 
Inflammation Modulation 
Physiotherapy plays a significant role in modulating inflammation, a known barrier to effective stem cell 
therapy. Techniques such as manual therapy and structured exercise have been shown to regulate cytokine 
profiles, creating a conducive milieu for tissue regeneration [4][13]. Tanaka et al. emphasized the 
importance of this balance in promoting stem cell-mediated healing [4]. 
 
Enhanced Functional Outcomes 
A consistent trend across the reviewed literature is improved functional outcomes when physiotherapy is 
integrated with stem cell therapy. PROMs and functional scales (e.g., VAS, ROM, and KOOS) 
demonstrated statistically significant improvements in pain, mobility, and return-to-function timelines [1] 
[10]. Green et al. reported accelerated recovery in sports-related MSK injuries through combined 
interventions [2]. 
Imaging and Cell Retention 
Advanced imaging techniques have confirmed higher stem cell retention at injury sites among patients 
undergoing physiotherapy, particularly those using structured rehabilitation regimens [3]. White et al. 
demonstrated that cell localization and integration were markedly enhanced by adjunctive physiotherapy 
[3]. 
Quality of Evidence 
The quality appraisal revealed that most studies had moderate to high methodological rigor. However, 
heterogeneity in physiotherapy protocols and small sample sizes limited direct comparability. Future 
studies should standardize rehabilitation components and adopt long-term follow-up designs to better 
establish causality. 
 
CONCLUSION 
The synergistic integration of physiotherapy and stem cell therapy holds transformative potential in MSK 
rehabilitation. Tailored physiotherapy protocols not only enhance stem cell efficacy but also reduce 
recovery times and improve long-term outcomes. Establishing standardized rehabilitation frameworks 
could significantly improve clinical adoption and efficacy of this integrated approach. 
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