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Abstract

Musculoskeletal injuries are predominant contributor to global disability, often requiring prolonged
physiotherapeutic interventions for functional restoration. Nutritional support, particularly amino acid
supplementation, serves a crucial function in repairing tissues and restoring muscles. Branched-Chain
Amino Acids (BCAAs) leucine, isoleucine, and valine have garnered interest for their anabolic and
restoring effects on musculoskeletal system. This article explores the role of BCAAs in enhancing
recovery outcomes when integrated with physiotherapy for musculoskeletal injuries. Current evidence
suggest that BCAA supplementation might promote muscle protein synthesis, reduce exercise-induced
muscle damage, and improve rehabilitation efficiency, particularly when combined with structured
physiotherapeutic exercise programs.
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Introduction:

The metabolic response to severe injury is marked by a heightened metabolic rate and a shift in fuel
utilization that prioritizes visceral organ function. This is evidenced by increased energy expenditure,
accelerated nitrogen loss with consequent depletion of lean body mass, enhanced synthesis of acute-
phase proteins in the liver, and disturbances in both lipid and carbohydrate metabolism (Cuthbertson,
1930). Under catabolic conditions like trauma, burn injury, or sepsis, muscles undergo significant
protein degradation, demonstrated by increased nitrogen excretion and elevated urinary
3-methylhistidine, a marker of myofibrillar breakdown (Long et al., 1977; Williamson et al., 1977;
Hasselgren et al., 1988). Musculoskeletal injuries, including sprains, strains, tendon ruptures, and
fractures, are common across diverse populations from athletes’ to the elderly (Patel et al., 2017).
Physiotherapy remained the cornerstone of rehabilitation, aiming to restore strength, mobility, and
function. However, the metabolic demands of tissue repair and recovery were often underestimated
(Brower, 2009). Adequate nutritional support, particularly amino acid availability, was essential to
optimize the adaptive response to physiotherapeutic exercises (Shimomura et al., 2010).

Branched-Chain Amino Acids (BCAAs), which include leucine, isoleucine, and valine, are essential
nutrients that the body cannot make on its own, so they need to come from food or supplements. They
constitute about 35-40% of essential amino acids of muscle protein and are indispensable for energy
metabolism, protein synthesis, and recovery (Nie et al., 2018). The integration of BCAAs with
physiotherapeutic interventions, therefore, represented a synergistic strategy to accelerate
rehabilitation and functional outcomes after musculoskeletal injuries (Wolfe, 2017).

Physiological Role of BCAAs in Muscle Recovery
BCAAs are unique because they are broken down mainly in skeletal muscle instead of the liver.
Leucine plays a key role by switching on the mammalian target of rapamycin (mTOR) pathway, which
drives muscle growth and repair (Duan et al., 2016).
« Anabolic effect: Leucine fuels muscle hypertrophy and reduces protein degradation.
« Anti-catabolic effect: BCAAs attenuate muscle protein breakdown during immobilization or
disuse
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e Energy substrate: During prolonged rehabilitation exercises, BCAAs served as an alternative
energy source, delaying fatigue and enhancing endurance.
Together, these effects reduce muscle wasting, improve recovery kinetics, and facilitate more effective
participation in physiotherapeutic exercises (Wolfe, 2017).

Interaction between BCAA Supplementation and Physiotherapy

Physiotherapeutic interventions such as resistance training, electrotherapy, and mobilization induce
mechanical and metabolic stresses that promote tissue remodelling. However, suboptimal nutrition can
blunt these adaptive responses (Cameron, 2013).

Integrating BCAA supplementation before or after physiotherapy sessions could:
« Enhance muscle protein synthesis post-exercise, improving muscle mass and strength gains.
« Decrease delayed-onset muscle soreness (DOMS)and swelling, requiring consistent
rehabilitation sessions.
« Improve neuromuscular recovery, especially in patients with muscle atrophy following
immobilization or injury.

Emerging studies have demonstrated that combining structured physiotherapy with BCAA
supplementation resulted in improved muscle functional outcomes and reduced recovery time
compared to physiotherapy alone (VanDusseldorp et al., 2018).

Clinical Evidence and Research Trends
Several clinical and experimental investigations supported the positive effects of BCAAs on muscle
recovery:
« Shimomura et al. (2010) reported reduced exercise-induced muscle damage and soreness with
pre-exercise BCAA intake.
« VanDusseldorp et al. (2018) demonstrated that BCAA supplementation mitigated oxidative
stress in skeletal muscle during rehabilitation.
« In elderly or immobilized individuals, BCAA supplementation improved muscle retention and
functional mobility when combined with resistance-based exercises (Takeuchi et al., 2019).

Despite these findings, the evidence base remained limited in the context of specific musculoskeletal
injuries, and further controlled trials are warranted to establish optimal dosage, timing, and duration of
supplementation in physiotherapy protocols.

Mechanisms Underlying Accelerated Recovery
BCAAs accelerate musculoskeletal recovery through multiple interconnected mechanisms:
1. Stimulation of mTOR signaling for enhanced protein synthesis.
2. Reduction of inflammatory cytokines (e.g., TNF-a, IL-6) following tissue injury.
3. Improved mitochondrial biogenesis and energy metabolism in regenerating muscle fibres.
4. Prevention of sarcopenia and disuse muscle atrophy during immobilization phase.
These molecular mechanisms complement physiotherapy by providing a biochemical foundation for
structural and functional restoration (Jackman et al., 2017).

Implications for Physiotherapy Practice

Incorporating nutritional strategies such as BCAA supplementation along with physiotherapeutic
practice may transform rehabilitation outcomes. Physiotherapists’ should collaborate with nutritionists to
design personalized recovery plans that include optimal amino acid intake (Smith-Ryan et al., 2020).
Considerations include:
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« Dosage: Typically 5-10 g BCAAs before or after physiotherapy sessions.

« Timing: Pre-session intake may reduce fatigue; post-session may enhance repair.

« Combination: Integration with balanced protein and energy intake enhances efficacy.
This kind of multidisciplinary approach aligned with holistic rehabilitation principles accentuated both
mechanical and metabolic recovery. In a study by lkeda et al. (2018), the integration of BCAA
supplementation with exercise therapy was shown to enhance the level of physical activity in women
awaiting total hip replacement due to hip osteoarthritis. Specifically, participants exhibited significant
gains in the 10-meter timed gait test. Complementary findings by Zhai (2019) revealed that
improvements in contralateral hip abductor strength were significantly higher among those receiving
BCAAs compared to controls.

Takeuchi et al. (2019) demonstrated that supplementation with Branched-Chain Amino Acids (BCAAs)
and Vitamin D, when combined with resistance training of low-intensity, produced superior
improvements in muscle-related outcomes compared to exercise alone in sarcopenic elderly adults
during hospital rehabilitation.

Use of BCAA-fortified nutritional supplements among individuals with gait dysfunction effectively
promoted skeletal muscle accretion and protected against body weight decline, suggesting a role in
preventing malnutrition and sarcopenia, but it did not provide an additional improvement in activities of
daily living beyond that achieved by standard rehabilitation (Moriwaki et al., 2019).

Conclusion

BCAA supplementation holds promising potential as an adjunct strategy along with physiotherapy in the
management of musculoskeletal injuries. By promoting protein synthesis, reducing muscle soreness,
and enhancing recovery, BCAAs shorten rehabilitation periods and improved functional outcomes.
Future research should focus on clinical trials assessing long-term benefits, specific injury models, and
interactions with physiotherapeutic modalities to establish evidence-based guidelines.
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