Journal of Advanced Sport Technology
DOI: 10.22098/JAST.2025.17299.1422

Received: 31 May 2025 Accepted: 28 October 2025
Journal of
Ad d Sport Technology
REVIEWARTICLE Open
Access

Synergistic Effects of Tissue Engineering and Exercise in Sports Injury
Rehabilitation: A Systematic Review

Asadollah Asadi™, Narges Yazdan nasab?, Amir Hossein Hormati Oughoulbaig?, shouleh Jahedi*, Negar
Ashrafi®, Qassem Saeed Al-Mousawi, suhad®, Fatemeh mojarrad ’

1. Professor at the Department of Biology, Faculty of Science, University of Mohaghegh Ardabili, Ardabil, Iran

2. Ph.D. Candidate of Cellular and Molecular Biology, Department of Biology, Faculty of Science, University of Mohaghegh Ardabili,
Ardabil, Iran.

3. Ph.D. Candidate of Sport Physiology, Department of Sport Physiology, Faculty of Educational Sciences and Psychology, University of
Mohaghegh Ardabili, Ardabil, Iran.

4. Master's student in Cellular and Molecular Biology, Department of Biology, Faculty of Sciences, Mohaghegh Ardabili University, Ardabil,
Iran.

5. Department of Educational Sciences, Faculty of Education, University of Farhangian, Ardabil, Iran.

6. Professor at the College of Physical Education and Sports Sciences for Women, University of Baghdad.

7. Ph.D. Candidate of Cellular and Molecular Biology, Department of Biology, Faculty of Science, University of Mohaghegh Ardabili, Iran.
Correspondence Asadollah Asadi/ asady@uma.ac.ir

Asadi, A., Yazdannasab, N., Hormati Oughoulbaig, A. H., Jahedi, S., Ashrafi, N., Qassem Saeed Al-Mousawi, S., mojarrad, F. Synergistic
Effects of Tissue Engineering and Exercise in Sports Injury Rehabilitation: A Systematic Review. Journal of Advanced Sport Technology,
2025; 9(4): -. doi: 10.22098/jast.2025.17299.1422

ABSTRACT

Background: The increasing prevalence of sports injuries poses a significant challenge to athletes,
impacting their performance, quality of life, and long-term musculoskeletal health. When integrated
with targeted exercise regimens, such as neuromuscular training or Tai Chi, these advanced therapies
enhance biomechanical resilience and accelerate recovery. This systematic review evaluates the
synergistic effects of combining tissue engineering techniques with exercise-based rehabilitation
strategies to optimize recovery outcomes and restore athletic performance in sports medicine,
addressing persistent challenges in injury management.

Methods: This systematic review examined English-language articles published between 2020 and
2025, sourced from PubMed, Scopus, Web of Science, ScienceDirect, Google Scholar, JCR, and ISC,
using keywords such as tissue engineering, regenerative medicine, stem cells, scaffolds, platelet-rich
plasma, and sports injuries. Inclusion criteria prioritized studies integrating tissue engineering with
exercise or rehabilitation strategies for injury recovery, while excluding those involving unrelated
diseases or prior surgeries. Of the 86 retrieved articles, 15 high-quality studies were ultimately selected
following quality assessment using the Dunn and Black questionnaire, which emphasized their
contribution to health improvement and sports injury rehabilitation.

Results: These 15 studies demonstrate that the integration of tissue engineering and exercise
significantly enhances recovery outcomes for sports injuries. With Al-aided design, stem cells and
scaffolds, such as Nano fibers, speed healing, especially for hips and muscles. Exercises like Tai Chi
or neuromuscular training help, mostly for women and younger folks, though some combos don’t add
extra perks. PRP combined with stem cells is highly effective in promoting cartilage repair, advancing
the development of hybrid treatments.

Conclusions: Mixing tissue engineering with exercises like Tai Chi transforms injury recovery,
making tissues stronger for sports. Imaging and wearables tailor treatments, but tricky protocols, high
costs, and age or gender differences need fixing with standard, affordable plans and Al-powered



research. Tissue engineering and exercise together revolutionize sports injury recovery, using stem
cells, scaffolds, and PRP to heal fast and strengthen joints. Imaging and wearables help personalize
care, but varied methods, costs, and individual differences call for more research to make it accessible
for all.
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Introduction

Sports injuries are one of the major challenges in the field of health, significantly impacting athletes'
performance and quality of life. The prevalence of these injuries, particularly among professional
athletes and fitness enthusiasts, is rising (1). Exercise plays a key role in maintaining public health
and helps reduce the risk of diseases such as obesity. However, increased physical activity also raises
the likelihood of acute and chronic injuries, which can lead to long-term complications if not properly
treated (2). Additionally, traditional treatment methods like rest and physiotherapy require prolonged
recovery and do not always guarantee full rehabilitation (3). Within this context, tissue engineering
as a branch of regenerative medicine has introduced innovative solutions for regenerating and
repairing damaged tissues by utilizing biomaterials, cells, and growth factors. This technology, which
involves the application of biological scaffolds, stem cells, and growth factors to stimulate tissue
regeneration, has demonstrated promising results in treating sports-related injuries (4). Notably, stem
cells have emerged as a groundbreaking approach for cartilage and other tissue regeneration, with
their multipotent differentiation capacity significantly accelerating athletes' recovery (3). Platelet-rich
plasma (PRP) therapy has also gained attention as a complementary treatment alongside tissue
engineering, enhancing repair processes and mitigating inflammation (5). Furthermore, advanced
medical imaging technologies are pivotal in precise injury assessment and rehabilitation monitoring,
enabling clinicians to diagnose pathologies more accurately and optimize treatment protocols (3).
Collectively, these advances in tissue engineering allow athletes to resume athletic activities faster
while improving their quality of life. Concurrently, structured exercise programs substantially
enhance musculoskeletal health and joint stability. Targeted rehabilitative exercises and advanced
physiotherapy techniques can reduce recovery time and reinforce damaged structures (3, 4). However,
exercise alone is insufficient; its integration with novel therapies like tissue engineering yields
superior outcomes. The synergy between tissue engineering and exercise regimens offers an effective
strategy for structural tissue regeneration and functional recovery. For instance, combining bioactive
scaffolds and stem cells with tailored exercise programs promotes tissue repair while improving
biomechanical resilience (6). Adjunctive therapies such as PRP, coupled with therapeutic exercise,
further accelerate healing and suppress inflammatory responses. This article highlights the critical
role of tissue engineering and exercise science in sports injury management, demonstrating how their
integration provides a more effective framework for injury mitigation and athletic performance
restoration. Given recent advancements in tissue engineering and rehabilitative training, a
combinatorial approach may address persistent challenges in sports medicine.
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Methods
The present study is a systematic review conducted in accordance with the Preferred Reporting Items

for Systematic Reviews and Meta-Analyses (PRISMA) guidelines. A comprehensive and
reproducible search strategy was executed to identify all relevant English-language articles published
between January 2020 and June 2025. The following electronic databases were systematically
searched: Google Scholar, Scopus, WoS, PubMed, Science Direct, JCR, and ISC were utilized. To
ensure transparency and replicability, the specific Boolean search query used for PubMed is provided
below and was adapted with appropriate syntax for each subsequent database: (*'tissue engineering"
OR "regenerative medicine" OR "stem cells" OR "scaffold" OR "biomaterial” OR "platelet-rich
plasma”) AND ("sports injuries” OR ™"athletic injuries” OR "musculoskeletal injuries") AND
("exercise” OR "rehabilitation” OR "physical therapy™ OR "training™). The search included peer-
reviewed articles published and available online via 'Early Access' or 'Online First' channels with a
final DOI by June 1, 2025, to encompass the very latest findings in this rapidly evolving field.

The inclusion and exclusion criteria for the study were as follows:

1. All articles focused on combining tissue engineering techniques with physical exercises.
2. Study participants had to have experienced injuries.

3. Articles in which participants suffered from specific diseases or had a history of surgery were
excluded.

4. Selected articles had to be recent and of high quality.
5. Full-text access to the articles was required.

Ultimately, 86 articles were retrieved based on the keywords used. After the removal of 12 duplicates,
74 records were screened. Following a thorough review of the articles' titles and abstracts, 59 records
were excluded as they did not meet the inclusion criteria. The remaining 15 full-text articles were
assessed for eligibility. Following quality assessment using the Dunn and Black questionnaire, these
15 high-quality articles were selected and analyzed by researchers.
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Figure 1. PRISMA flow diagram illustrating the process of study selection for the systematic review



Results

Out of 86 retrieved articles, 15 studies met the inclusion criteria and were evaluated. Two studies
reported the use of mesenchymal stem cells (MSCs) in sports injuries, with outcomes indicating
accelerated healing and reduced recovery time (7,12). One study investigated tendon-derived stem
cells (TDSCs) for tendon-bone interface regeneration and described knowledge gaps in their
differentiation pathways (10). Another study examined stem cell transplantation in neuronal injuries
and reported enhanced tissue regeneration, while noting challenges in cell type selection and
microenvironment design (12). One additional study addressed stem cell-based orthopedic tissue
engineering for bone and joint repair, emphasizing the role of scaffold and signaling molecule
selection (14). Two studies described the importance of combining cells, biosignals, and scaffolds for
constructing functional grafts (8,11). One study reported the application of nanofiber scaffolds in hip
injury rehabilitation, with improved outcomes compared to conventional treatments (16). Another
study documented the use of AC-DC implants mimicking musculoskeletal properties for post-injury
recovery (18). The integration of artificial intelligence (Al) into tissue engineering was proposed in
one study as a means to refine scaffold design and outcome prediction (11). Regarding rehabilitation
programs, one study evaluated hTEMGs stimulation by agrin or exercise and reported improved
muscle recovery, though no additive benefit was observed when both interventions were combined
(9). Another study investigated the iISPRINT neuromuscular training warm-up and found preventive
effects in female students but not in males (19). Tai Chi, as a post-surgical intervention, was reported
in one study to improve recovery and reduce complications (16). An animal study compared young
and aged mice following treatment, reporting higher force production in younger mice and reduced
exercise tolerance in aged mice (14). One study proposed the combination of platelet-rich plasma
(PRP) with stem cell therapy to support cartilage regeneration in sports-related injuries (5). One
review article summarized biomedical innovations in sports medicine and their role in reducing
recovery time (13), while another review synthesized evidence regarding soft tissue rehabilitation
methods (18).

Table 1 - Review of the role of tissue engineering techniques and exercise programs to improve health and repair
sports injuries.

Authors, Name of the Type method Independen  Dependent Conclusions  Limitatio
Journal Name, Study of t Variables Variables ns
and Publication study

Year
Mobayed etal.  The therapeutic ~ Revie Literature MSC Treatment MSCs MSCs
potential of w review of MSCs therapy outcomes therapy research
Prospects in mesenchymal  Article therapy for characterist (healing accelerates mainly
Pharmaceutical stromal cells sports injuries. ics (cell effectiveness  healing and targets
Sciences and their Data obtained source, , functional reduces specific
secretome in from PubMed  type, injury recovery, downtime in types,
2025 sport-related and Google treated). safety). sports with
@) injuries Scholar injuries. limited
searches. study of
other
Sources.
Sopilidis et al. Integrating Revie  combination of Modern Graft Successful Current
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Bioengineering Technologies  Article  scaffolds, and smart patient engineered in creating
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2025 Anterior Incorporation of  biofactors) speed, and specific tissue-
(8) Cruciate mechanical combined long-term components  engineere
Ligament with d grafts.



Tissue stimuli and new standard joint and Complicat
Engineering technologies. methods. stability. techniques. ions vary
New by graft
technologies type and
like Al could  technique
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engineering.
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Table 2: Evaluation of the quality of articles using the Downs and Black questionnaire
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of the patients
clearly
described?

Are the
interventions
described?

Avre there any
explanations
provided about
confounding
factors?

Avre the findings
clearly
described?

Are data from
this study
presented in a
randomized
manner for the
main outcomes?

Have any side
effects been
reported?

Is information
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patients
dropping out of
the study and its
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Are actual data
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to select study
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Were the
subjects
prepared to take
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study?

Avre the study
results clearly
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normalization of
the data?
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results of the
intervention and
control groups?

Were
appropriate
statistical tests
used to analyze
the data?




Were the 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
interventions
reliable?

Was the primary 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
outcome
measure
reliable?

Were the groups 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
receiving
different
interventions?

Were subjects 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
randomized?

Were subjects 1 1 1 1 1 1 1 1 1 1 1 1 1 1 1
randomly
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interventions
randomized?

Were conditions 0 0 1 1 0 1 0 0 1 0 1 0 1 0 1
for uncontrolled
factors
considered?

Did you have a 0 0 0 0 0 0 0 0 0 0 0 0 0 0 0
specific plan for
attrition?

Are the articles 3 3 4 2 3 3 2 3 4 5 3 4 3 5 3
reliable and
citation-worthy?

Qua"ty of 67.74 | 67.74 | 80.64 | 7419 | 70.96 | 74.19 | 64.51 | 70.96 | 77.41 | 77.41 | 80.64 77.41 74.19 80.64 | 80.64

articles in
percentage

Discussion

The findings of this review highlight the emerging potential of combining tissue engineering
strategies with exercise-based rehabilitation to enhance recovery from sports injuries. Compared to
traditional methods such as rest or standard physiotherapy, this integrative approach appears to
provide faster and more complete restoration of function (3,4). Stem cell-based therapies play a
central role in this progress. Mesenchymal stem cells (MSCs) have demonstrated the capacity to
support tendon and cartilage repair through differentiation and paracrine signaling, thereby
accelerating healing processes (7). Tendon-derived stem cells (TDSCs) show particular promise for
regeneration at the tendon-bone interface, although further research is needed to clarify their
differentiation mechanisms and optimize clinical applications (10,12). Similarly, stem cell
transplantation for neuronal and orthopedic injuries has shown potential, but issues such as
appropriate cell type selection and the creation of supportive microenvironments remain key
challenges (12,14). Tissue engineering techniques, including the use of nanofiber scaffolds and
biomimetic implants such as AC-DC devices, have demonstrated superior functional outcomes
compared to conventional treatments, particularly in musculoskeletal and hip injury repair (17,19).
These biomaterials provide structural and biochemical support for cell activity. However, the
challenge lies in optimizing the combination of scaffolds, cells, and biosignals to achieve reproducible
outcomes, highlighting the need for standardized protocols (8,11). Advanced technologies such as Al
may further refine scaffold design and personalize treatment approaches (11). Exercise-based
interventions complement these regenerative strategies. Evidence suggests that neuromuscular
training programs, Tai Chi, and specialized stimulation protocols can enhance recovery and reduce
complications in specific populations (9,16,19). However, their effectiveness appears to vary across



groups; for instance, preventive benefits of iISPRINT were observed only in female students, while
age-related differences in treatment response were evident in animal studies (15,19). These findings
emphasize the importance of tailoring rehabilitation to patient characteristics, such as age and sex.
The integration of platelet-rich plasma (PRP) with stem cell therapy has been proposed as a
synergistic strategy for cartilage regeneration and inflammation control, offering additional
opportunities to shorten recovery time (5). Advances in biomedical innovations, coupled with
imaging technologies and wearables, may further enhance monitoring, treatment personalization, and
long-term outcomes (3,13,16,17). Despite these promising findings, several challenges remain.
Variability in study designs, cell sources, scaffold types, and rehabilitation protocols limits
comparability and generalization of results (5-19). Long-term safety and durability of biomaterials
also require further investigation (16,17). Moreover, the cost of advanced regenerative therapies may
restrict their accessibility in clinical practice, underscoring the importance of cost-effectiveness
analyses. Overall, the convergence of tissue engineering, regenerative medicine, and exercise-based
interventions represents a transformative approach in sports medicine. To maximize its clinical
translation, future research should focus on large-scale, long-term studies, comparative analyses of
cell types and biomaterials, and the development of standardized guidelines. With continued
innovation and optimization, this integrative strategy holds significant potential to accelerate recovery
and improve outcomes for athletes across disciplines (5-19).

Conclusion

The integration of tissue engineering with targeted exercise programs offers a novel approach to
sports injury treatment, promoting faster recovery and stronger joints and muscles. The results
indicate that advanced materials like nanofiber scaffolds and collagen implants, combined with stem
cell therapies and PRP, accelerate tissue healing. When paired with tailored rehabilitation exercises,
such as neuromuscular strengthening or post-surgical movements, recovery time decreases and joints
become more resilient. Advanced tools like precise imaging and wearables allow real-time
monitoring and personalized treatment plans. Challenges remain, including variability in study
methods, limited long-term data, high costs, and individual differences in treatment responses,
highlighting the need for personalized and accessible therapies.
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