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1. Introduction

Physical exercise has long been recognized as a cornerstone of health promotion,
disease prevention, and rehabilitation. Over the years, a substantial body of research has
accumulated highlighting the beneficial effects of physical exercise on a wide range of
health outcomes, such as cardiovascular disease, diabetes, obesity, cancer, mental health,
cognitive function, and overall well-being [1,2]. In sports sciences and rehabilitation,
physical exercise is not only used as a preventive and therapeutic tool, but also as a
performance enhancer, allowing athletes to achieve their full potential and optimize their
competitive outcomes [3,4].

In this Special Issue of Applied Sciences, we bring together a collection of original
research articles, reviews, and clinical case reports that cover various aspects of physical
exercise in sports sciences and rehabilitation. The aim of this Special Issue is to provide a
comprehensive overview of the latest advances in the field, spanning from the basic physio-
logical mechanisms underlying the effects of exercise on human health and performance, to
the clinical applications of exercise in the management of various diseases and disabilities,
and the real-world practice of exercise prescription and implementation in diverse settings.

2. Technology Advancement in Sports Sciences and Rehabilitation

The Special Issue “Physical Exercise in Sports Sciences and Rehabilitation: Physiology,
Clinical Applications and Real Practice” explores the recent advancements and applications
of physical exercise and rehabilitation in sports science. The issue contains a variety of
research papers that investigate the use of physical exercise in improving muscular activity,
in the prevention and management of chronic diseases, such as diabetes, obesity, and
cardiovascular disease, in cognitive function and mental health, in the rehabilitation of
musculoskeletal injuries and neurological disorders, and in sport promoting, healing,
and recovery. We believe that this Special Issue will be of great interest to researchers,
clinicians, and practitioners working in the fields of sports sciences and rehabilitation,
and to policymakers and the general public interested in promoting physical activity and
healthy lifestyles.

To date, technological advancements, including artificial intelligence or machine learn-
ing analysis, have drastically influenced rehabilitative approaches in different fields and
have influenced the clinical research, the diagnosis, and the management of musculoskeletal
disorders [5,6].

Chiang et al. [7] assessed the effects of a 6 min fast-walking protocol on muscle activity
in individuals with flat-foot, using a motion capture system (Vicon Motion Systems Ltd.,
Oxford, UK) with eight infrared cameras operating at 100 Hz to capture and determine gait
cycle. The flatfoot group showed a decrease in the median frequency of the tibialis anterior
(from 116 Hz to 106 Hz) after 6 min of fast walking (p < 0.001), further confirming that the
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tibialis anterior was likely most fatigued. Moreover, the median frequency of the abductor
hallucis in the flatfoot group increased (from 189 Hz to 215 Hz) after 6 min of fast walking
(p <0.001).

In this context, de Sire et al. [8] performed a proof-of-principle study on professional
football players. The authors performed an SEMG analysis of four muscles of the dominant
leg (rectus femoris (RF), vastus medialis (VM), biceps femori (BF), and medial hamstrings
(MH)) to evaluate the short-term effects of a neuromuscular warm-up on the knee stabilizer
muscles’ activation pattern, demonstrating an improvement of RF (from 181.72 £ 97.73 ms
at TO to 335.63 + 225.95 ms at T1), VM (175.18 + 87.25 ms at T0; 322.63 + 163.35 ms at
T1), of BF (128.1 &+ 64.2 ms at T0; 201.90 £ 103.79 ms at T1), and MH (130.4 & 54.1 ms at
T0; 204.63 & 108.57 ms at T1). Thus, a neuromuscular warm-up exercise program might
improve the pre-activation timing of the knee stabilizer muscles.

Narita et al. [9] assessed the effects of a joint mobilization apparatus in terms of range
of motion recovery in patients with Distal radius fractures. This innovative equipment
comprised a laptop for video viewing, head-mounted virtual reality (VR) display, and
vibrator (combined tendon vibratory and visual stimulus). The authors reported significant
advantages in a ghost group in terms of the arcs of motion in patients with normal and low
BMI (p < 0.001) and in probability of recovery of wrist flexion—extension RoM from day
14 to 82 (p < 0.001) compared to standard therapy alone. Vlazna et al. [10] demonstrated the
reliability and validity of dynamometric protocols for trunk-muscle function (strength and
endurance), including the lumbar extensors. Tognolo et al. [11] explored the relationship
between clinical tests, ultrasound findings, and selected field-based wheelchair skills tests
(WST) in a cohort of quadriplegic wheelchair rugby athletes, suggesting that ultrasound is
a valuable tool in shoulder diagnostic and that dominant shoulder joint and rotator cuff
muscle damage may be affected by chronic manual wheelchair use, while the non-dominant
shoulder joint conditions seem related to the performance on the WST.

3. Rehabilitative Interventions for Musculoskeletal Disorders

Knee osteoarthritis is one of the main targets in the rehabilitation field, considering the
role that physical exercise might perform in combination with intraarticular injections of
corticosteroids, hyaluronic acid, platelet-rich-plasma, and oxygen-ozone therapy [12-14].

In this scenario, two papers [15,16] investigated the role of two techniques combined
with physical exercise to improve functioning in patients with knee osteoarthritis.

First, Scaturro et al. [15] explored the use of intra-articular hybrid hyaluronic acid
injection treatment in overweight patients with knee osteoarthritis, demonstrating a sta-
tistically significant (p < 0.01) improvement in cardiocirculatory capacity as measured
by distance covered in a 6 MWT post treatment, from a mean of 164.3 &= 52.9 m at TO to
a mean of 254.9 £ 52.6 m at T1. Moreover, a significant reduction (p < 0.01) in disease
severity assessed by WOMAC was also observed at T1; median WOMAC was 56 before
treatment, plummeting to 26 after viscosupplemention. Second, a reduction in pain severity
as assessed via VAS was recorded, from a mean score of 8 at TO to a mean score of 5 at T1;
this was also found to be statistically significant (p < 0.01).

Third, de Sire et al. [16] investigated the effectiveness of combined treatment using
physical exercise and ultrasound-guided radiofrequency ablation of genicular nerves in
patients with knee osteoarthritis, showing a statistically significant reduction in pain at
the 1-month evaluation (T1) (NPRS: 7.48 £ 1.74 vs. 3.63 £ 1.68; p < 0.001). Moreover, all
patients showed a significant decrease in disability at T1 as suggested by the reduction
in KOOS score from 21.45 £ 7.33 to 44.97 &+ 10.77 (p < 0.001). Considering the KOOS
domains, there was a statistically significant difference at T1 (p < 0.001) in all except for
the “symptoms domain”. In addition, a significant improvement in terms of HR-QoL was
recorded in both EQ-5D (0.48 & 0.06 vs. 0.67 £ 0.07; p < 0.001) and EQ-VAS (49.4 £ 4.3 vs.
79.4 £5.8; p <0.001) [16].

Moreover, Pesce et al. [17] investigated the role of Irisin from exercise to cognitive
performance. The study examined the role of irisin, a protein released during exercise, in
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cognitive performance. The authors conducted a systematic review of previous studies
and found that irisin may have a positive effect on cognitive performance, particularly
in older adults. Ozimek et al. [18] suggested the presence of cytoprotective effects in two
phytopreparations (Ligusticum wallichii and Eleutherococcus extract) in experimental
animals during physical activity.

Another paper published in this Special Issue by Frizziero et al. [19] investigated the
therapeutic efficacy of a new acupressure mat device associated with a specific rehabilitation
program in patients with nonspecific chronic low back pain. The intervention group showed
a decreasing in VAS score (p < 0.001) compared to control group.

Lastly, in 2022, Morone et al. [20] submitted a systematic review on the PETTLEP
model (a cognitive-behavioral approach) of motor imagery and sport performance. The
authors found that motor imagery training using the PETTLEP model can improve sport
performance, particularly in tasks that require precision and accuracy.

4. Conclusions

Taken together, the studies presented in this Special Issue highlight the importance of
physical exercise as a tool for improving health, enhancing performance, and facilitating
rehabilitation. Furthermore, they demonstrate the potential for exercise-based interventions
to improve outcomes across a range of populations, from healthy individuals to those with
chronic conditions.

In conclusion, the articles included in this Special Issue on “Physical Exercise in Sports
Sciences and Rehabilitation: Physiology, Clinical Applications, and Real Practice” have
provided a comprehensive overview of the current state of knowledge in this important
field. Physical exercise provides from the effects of exercise on cognitive performance to the
application of motor imagery in sport performance, covering a broad range of topics, pro-
viding valuable insights for researchers, clinicians, and practitioners alike. Furthermore, the
use of new technologies in terms of diagnosis therapeutic management of musculoskeletal
diseases could perform a pivotal role in rehabilitation field.

Author Contributions: Conceptualization, A.d.S. and O.O.T.; writing—original draft preparation,
A.d.S.; writing—review and editing, O.O.T. All authors have read and agreed to the published version
of the manuscript.

Acknowledgments: We thank Dario Calafiore for his support.

Conflicts of Interest: The authors declare no conflict of interest.

References

1.

Adams, V; Linke, A. Impact of exercise training on cardiovascular disease and risk. Biochim. Biophys. Acta Mol. Basis Dis. 2019,
1865, 728-734. [CrossRef] [PubMed]

Kanaley, J.A.; Colberg, S.R.; Corcoran, M.H.; Malin, S.K.; Rodriguez, N.R.; Crespo, C.J.; Kirwan, ].P; Zierath, ].R. Exercise/Physical
Activity in Individuals with Type 2 Diabetes: A Consensus Statement from the American College of Sports Medicine. Med. Sci.
Sports Exerc. 2022, 54, 353-368. [CrossRef] [PubMed]

Dieli-Conwright, C.M.; Courneya, K.S.; Demark-Wahnefried, W.; Sami, N.; Lee, K.; Sweeney, F.C.; Stewart, C.; Buchanan, T.A;
Spicer, D.; Tripathy, D.; et al. Aerobic and resistance exercise improves physical fitness, bone health, and quality of life in
overweight and obese breast cancer survivors: A randomized controlled trial. Breast Cancer Res. 2018, 20, 124. [CrossRef]
[PubMed]

Demurtas, J.; Schoene, D.; Torbahn, G.; Marengoni, A.; Grande, G.; Zou, L.; Petrovic, M.; et European Society of Geriatric Medicine
Special Interest Group in Systematic Reviews and Meta-Analyses, Frailty, Sarcopenia, and Dementia. Physical Activity and
Exercise in Mild Cognitive Impairment and Dementia: An Umbrella Review of Intervention and Observational Studies. J. Am.
Med. Dir. Assoc. 2020, 21, 1415-1422.e6. [CrossRef] [PubMed]

Liao, W,; Li, J.; Zhang, X.; Li, C. Motor imagery brain-computer interface rehabilitation system enhances upper limb performance
and improves brain activity in stroke patients: A clinical study. Front. Hum. Neurosci. 2023, 17, 1117670. [CrossRef] [PubMed]
Ferrillo, M.; Migliario, M.; Marotta, N.; Fortunato, F; Bindi, M.; Pezzotti, F.; Ammendolia, A.; Giudice, A.; Foglio Bonda, P.L.; de
Sire, A. Temporomandibular disorders and neck pain in primary headache patients: A retrospective machine learning study. Acta
Odontol. Scand. 2023, 81, 151-157. [CrossRef] [PubMed]


https://doi.org/10.1016/j.bbadis.2018.08.019
https://www.ncbi.nlm.nih.gov/pubmed/30837069
https://doi.org/10.1249/MSS.0000000000002800
https://www.ncbi.nlm.nih.gov/pubmed/35029593
https://doi.org/10.1186/s13058-018-1051-6
https://www.ncbi.nlm.nih.gov/pubmed/30340503
https://doi.org/10.1016/j.jamda.2020.08.031
https://www.ncbi.nlm.nih.gov/pubmed/32981668
https://doi.org/10.3389/fnhum.2023.1117670
https://www.ncbi.nlm.nih.gov/pubmed/36999132
https://doi.org/10.1080/00016357.2022.2105945
https://www.ncbi.nlm.nih.gov/pubmed/35906722

Appl. Sci. 2023,13, 4868 4of4

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Chiang, C.-Y.; Lin, K.-W.; Lee, H.-M.; Wei, S.-H.; Chou, L.-W. Effects of a 6-Minute Fast-Walking Protocol on Changes in Muscle
Activity in Individuals with Flatfoot. Appl. Sci. 2022, 12, 2207. [CrossRef]

de Sire, A.; Demeco, A.; Marotta, N.; Moggio, L.; Palumbo, A.; Iona, T.; Ammendolia, A. Anterior Cruciate Ligament Injury
Prevention Exercises: Could a Neuromuscular Warm-Up Improve Muscle Pre-Activation before a Soccer Game? A Proof-of-
Principle Study on Professional Football Players. Appl. Sci. 2021, 11, 4958. [CrossRef]

Narita, D.; Hamaguchi, T.; Nakamura-Thomas, H. Development and Trial of a Prototype Device for Sensorimotor Therapy in
Patients with Distal Radius Fractures. Appl. Sci. 2022, 12, 1967. [CrossRef]

Vlazn3a, D.; Krkoska, P,; Kuhn, M.; Dosbaba, F.; Batalik, L.; Vl¢kova, E.; Voharika, S.; Adamova, B. Assessment of Lumbar Extensor
Muscles in the Context of Trunk Function, a Pilot Study in Healthy Individuals. Appl. Sci. 2021, 11, 9518. [CrossRef]

Tognolo, L.; Musumeci, A.; Pignataro, A.; Petrone, N.; Benazzato, M.; Bettella, F.; Marcolin, G.; Paoli, A.; Masiero, S. The
Relationship between Clinical Tests, Ultrasound Findings and Selected Field-Based Wheelchair Skills Tests in a Cohort of
Quadriplegic Wheelchair Rugby Athletes: A Pilot Study. Appl. Sci. 2021, 11, 4162. [CrossRef]

Allen Lisee, C.; Bjornsen, E.; Berkoff, D.; Blake, K.; Schwartz, T.; Horton, W.Z.; Pietrosimone, B. Changes in biomechanics, strength,
physical function, and daily steps after extended-release corticosteroid injections in knee osteoarthritis: A responder analysis.
Clin. Rheumatol. 2023, 17, 1-12. [CrossRef]

Lin, W,; Xie, L.; Zhou, L.; Zheng, J.; Zhai, W.; Lin, D. Effects of platelet-rich plasma on subchondral bone marrow edema and
biomarkers in synovial fluid of knee osteoarthritis. Knee 2023, 42, 161-169. [CrossRef] [PubMed]

de Sire, A.; Stagno, D.; Minetto, M. A; Cisari, C.; Baricich, A.; Invernizzi, M. Long-term effects of intra-articular oxygen-ozone
therapy versus hyaluronic acid in older people affected by knee osteoarthritis: A randomized single-blind extension study. J. Back
Musculoskelet. Rehabil. 2020, 33, 347-354. [CrossRef] [PubMed]

Scaturro, D.; Vitagliani, F.; Terrana, P.; Cuntrera, D.; Falco, V.; Tomasello, S.; Letizia Mauro, G. Intra-Articular Hybrid Hyaluronic
Acid Injection Treatment in Overweight Patients with Knee Osteoarthritis: A Single-Center, Open-Label, Prospective Study. Appl.
Sci. 2021, 11, 8711. [CrossRef]

de Sire, A.; Lippi, L.; Curci, C.; Calafiore, D.; Cisari, C.; Ammendolia, A.; Invernizzi, M. Effectiveness of Combined Treatment Us-
ing Physical Exercise and Ultrasound-Guided Radiofrequency Ablation of Genicular Nerves in Patients with Knee Osteoarthritis.
Appl. Sci. 2021, 11, 4338. [CrossRef]

Pesce, M.; La Fratta, I.; Paolucci, T.; Grilli, A.; Patruno, A.; Agostini, F.; Bernetti, A.; Mangone, M.; Paoloni, M.; Invernizzi, M.;
et al. From Exercise to Cognitive Performance: Role of Irisin. Appl. Sci. 2021, 11, 7120. [CrossRef]

Ozimek, M.; Zaborova, V.; Zolnikova, O.; Dzhakhaya, N.; Bueverova, E.; Sedova, A.; Rybakov, V.; Ostrovskaya, I.; Gaverova,
Y.; Gurevich, K;; et al. Possibilities of Using Phyto-Preparations to Increase the Adaptive Capabilities of the Organism of Test
Animals in Swimming. Appl. Sci. 2021, 11, 6412. [CrossRef]

Frizziero, A.; Finotti, P; Scala, C.L.; Morone, G.; Piran, G.; Masiero, S. Efficacy of an Acupressure Mat in Association with
Therapeutic Exercise in the Management of Chronic Low Back Pain: A Prospective Randomized Controlled Study. Appl. Sci.
2021, 11, 5211. [CrossRef]

Morone, G.; Ghanbari Ghooshchy, S.; Pulcini, C.; Spangu, E.; Zoccolotti, P.; Martelli, M.; Spitoni, G.F.; Russo, V.; Ciancarelli, I;
Paolucci, S.; et al. Motor Imagery and Sport Performance: A Systematic Review on the PETTLEP Model. Appl. Sci. 2022, 12, 9753.
[CrossRef]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.3390/app12042207
https://doi.org/10.3390/app11114958
https://doi.org/10.3390/app12041967
https://doi.org/10.3390/app11209518
https://doi.org/10.3390/app11094162
https://doi.org/10.1007/s10067-023-06568-x
https://doi.org/10.1016/j.knee.2023.03.002
https://www.ncbi.nlm.nih.gov/pubmed/37001332
https://doi.org/10.3233/BMR-181294
https://www.ncbi.nlm.nih.gov/pubmed/32144974
https://doi.org/10.3390/app11188711
https://doi.org/10.3390/app11104338
https://doi.org/10.3390/app11157120
https://doi.org/10.3390/app11146412
https://doi.org/10.3390/app11115211
https://doi.org/10.3390/app12199753

	Introduction 
	Technology Advancement in Sports Sciences and Rehabilitation 
	Rehabilitative Interventions for Musculoskeletal Disorders 
	Conclusions 
	References

