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Abstract 

Context
Sports massage is an essential part of athletes’ recovery as it is believed to alleviate muscle fatigue and soreness symptoms associated with DOMS after an intense eccentric exercise. However, only a few studies have shown and provided evidence of its efficacy in muscle recovery, pain and discomfort, muscle strength and flexibility. 

Hypothesis
It has been hypothesised that sports massage can provide pain relief and enhance muscle recovery from eccentric-induced symptoms, including, but not limited to, muscle fatigue, soreness, loss of strength, stiffness, and reduced flexibility. The mechanism of action is believed to be the increase of blood flow and the reduction of inflammation in the affected muscles. These benefits are thought to help improve muscle performance and reduce the risk of exercise-related injuries. 

Methods 
Sixteen subjects, eight from the massage group and eight from the control group performed an eccentric exercise: one set of 10 reps of Nordic hamstring curl exercise to fatigue and failure. The massage group was given a 10-minute bilateral sports massage on the hamstring muscle group. Subjects were treated once daily for 72 hours. The VAS pain scale was used as a quantifier for the pain score, Nordbord for the hamstring strength test, and the single-leg raise test for the hamstring flexibility.

Results
A marked loss of strength and function in the hamstring after the exercise peaked on the third day (72 hours). The pain score heightened, and flexibility decreased due to muscle fatigue and soreness. The 48-hour recovery period for all the indications suggests that it is when the soreness, stiffness, and discomfort peak. The sports massage treatment showed no significant improvement. It did not affect the level or duration of pain or loss of strength and flexibility.

Conclusion
Therefore, this study could not prove that sports massage can improve hamstring muscle recovery within 72 hours after a Nordic hamstring eccentric exercise.

Introduction 

Sports massage has been recognised as a highly effective method for alleviating muscle soreness. Its ability to improve blood flow and aid in healing promotes long-term muscle recovery, particularly after an intense exercise, such as eccentric exercise. Coaches, athletes, and therapists worldwide recognise sports massage as a therapeutic practice that accelerates the healing and regeneration of damaged skeletal muscles following strenuous physical activity (Jönhagen et al., 2004). However, despite variations in sports massage techniques and principles across the globe, there appears to be a need for more emphasis on optimising muscular recovery. This research proposal aims to address this gap by investigating the potential benefits of sports massage in alleviating muscle fatigue and delayed onset muscle soreness (DOMS) and other eccentric-induced symptoms such as loss of muscle strength and flexibility following a demanding exercise, specifically the Nordic Hamstring exercise. The relevance of this research is clear, as it could provide evidence to support the use of sports massage in enhancing post-exercise recovery.

Recent research has demonstrated that engaging in challenging and unfamiliar exercises that involve eccentric contraction can lead to muscle fatigue, delayed onset muscle soreness (DOMS), and potentially even muscle damage (Hart, Swanik & Tierney, 2005). Furthermore, contractile strength may decrease by up to 30% following eccentric muscle work (Zainuddin et al., 2005), which may persist for several days or even up to a week  (Jönhagen et al., 2004). Prolonged muscle strength loss is often associated with overworked and overexerted muscles. Eccentric exercise is believed to cause harm to the muscle's contractile elements and post-exercise degeneration. The exercise protocol used in this research is an eccentric exercise for the hamstring muscle group; the Nordic hamstring exercise is an intense eccentric exercise that is an effective strategy for hamstring strengthening and strain prevention. This exercise protocol was applied to 16 participants until the muscle fatigued and reached its failure point. This research study presents a novel approach to investigating the potential benefits of sports massage in alleviating muscle fatigue and delayed onset muscle soreness (DOMS) following a demanding exercise, specifically the Nordic Hamstring exercise. Despite some prior research suggesting that sports massage may not be effective in this regard, it is hypothesised that the technique can be a valuable modality for muscle recovery. A 10-minute sports massage with massage techniques, such as effleurage and petrissage, including kneading and tapotement, was used in this study. Previous studies have noted inconsistencies due to methodological flaws, including differences in application technique, timing, and participant selection (Moraska, 2005).

Sports massage is a manual manipulation of soft tissues by a qualified sports therapist to improve sports performance, expedite recovery from muscle soreness, and enhance athletic performance. However, previous studies show little evidence that supports the efficacy of sports massage on recovery from delayed onset muscle soreness (Moraska,2005). Researchers and clinicians continue experimenting with different treatment approaches for aiding and relieving the signs and symptoms of muscle fatigue and delayed onset muscle soreness (DOMS. One type of exercise reported to contribute significantly to the onset of DOMS is eccentric exercise. Eccentric exercise lengthens the muscles during exercise. A strong eccentric contraction makes sarcomeres within the muscle fibre break, which can cause muscle soreness causing DOMS (Zainuddin et al., 2005).

Muscle fatigue and delayed onset muscle soreness, or DOMS, can affect people at all fitness levels, including exceptionally regularly trained athletes (Moraska,2005). It is perceived and co-exists with muscle fatigue, making muscles achy and stiff. DOMS is a feeling of ache and discomfort following an unaccustomed intense exercise containing eccentric muscle contraction experienced by athletes of all levels (Cheung et al., 2003). This discomfort intensifies within 12-24 hours post-exercise. Soreness peaks at about 48 hours post-activity and can last up to a week  (Hart, Swanik & Tierney, 2005) (Cheung, Hume & Maxwell, 2003).

Sports massage is a widely used technique in professional and amateur sports to assist with muscle recovery after intense training (Davis, Alabed & Chico, 2020). Despite its purported benefits and frequent use, some previous studies have a limited amount of support and efficacy results (Davis, Alabed and Chico, 2020). As a result, this research study aimed to investigate the effects of a brief 10-minute sports massage treatment on the Hamstring muscle group after an eccentric exercise to fatigue to assess intramuscular soreness, pain, and swelling in the semitendinosus, semimembranosus, and bicep femoris muscles following bilateral Nordic Hamstring Eccentric Exercise. The practical implications of this study are significant, as it could provide evidence supporting the research hypothesis that sports massage can aid the recovery process of muscle fatigue and soreness, stiffness, and flexibility, as well as muscle strength following a Nordic Hamstring eccentric exercise.

The findings related to the impact of massage therapy on post-exercise recovery and DOMS have needed to be more consistent. Further research is crucial to comprehend the effects of massage on these health-related outcomes, hence for this research trial. The widespread benefits of massage therapy for alleviating muscle soreness are well-documented. Some experts suggest that the psychological relaxation brought on by massage may trigger an analgesic response through muscle sensory receptors, thereby reducing the sensation of muscle soreness (Kargarfard et al., 2016). Nonetheless, the precise physiological processes that underlie this phenomenon still need to be fully understood despite the promising potential of massage therapy for pain relief.












Literature Review: The Efficacy of Sports Massage on Recovery After Eccentric Exercise 
Introduction
The science of sports massage is of great interest to athletes, coaches, sports physiologists, and athletic trainers (Davis, Alabed & Chico, 2020). While the evidence supporting or refuting the effects of massage on sports performance is insufficient to make any definitive statements, new reports and trends within data help us understand sports massage (MORASKA, 2005). This article will review the research on sports massage, including its effects on delayed onset of muscle soreness (DOMS), muscle fatigue, and psychological well-being. However, most studies have methodological limitations, such as inadequate therapist training, insufficient treatment duration, few subjects, or over- or under-working of muscles that limit practical conclusions. Massage can reduce muscle soreness associated with muscle fatigue and DOMS, but it is still unclear whether force recovers more quickly. There needs to be more research literature to conclude whether massage facilitates recovery from fatiguing effort. Both tissue healing and the psychological effect of massage are areas that may be improved with further research. Results from published literature show a positive trend for massage to benefit athletic recovery and performance. Further research into sports massage, particularly well-designed studies utilising methodological components, is urgently needed to determine whether it assists with athletic recovery after eccentric exercise.
Understanding Sports Massage: An Overview
Sports massage is a popular method used to aid in the recovery and performance of athletes. Numerous scientific studies have assessed its effectiveness in promoting muscle recovery after intense eccentric exercise. While some studies have shown positive results, others have found few benefits. To better understand the use and effects of sports massage therapy in sports, the author conducted a literature review by searching various databases and relevant studies. The review identified some studies that met the inclusion criteria, all involving subjects who performed strenuous exercise such as eccentric exercise, received sports massage and were evaluated for muscle recovery, functional activity, and strength performance. Most studies that assessed post-exercise function did not demonstrate the efficacy of sports or ordinary massage. However, those who also evaluated the symptoms of muscle fatigue and DOMS did show some benefits (Poppendieck et al., 2016). The review also found that data from few randomised controlled trials provided moderate evidence of massage therapy's efficacy in promoting muscle recovery after intense exercise. However, no clear association was found between the type and timing of massage and specific outcome measures investigated in these studies. In summary, the literature review suggests that sports massage may help promote recovery from eccentric repetitive muscular contractions, decrease the loss of muscle strength, aid muscle contractility and flexibility, and reduce delayed onset muscle soreness and muscle fatigue symptoms (Poppendieck et al., 2016).
Findings from Research Studies
The literature review identified that most studies evaluating post-exercise function suggest that sports massage is ineffective in aiding muscle recovery or improving performance after intense eccentric exercise. However, studies that assessed the symptoms of muscle fatigue and delayed onset muscle soreness showed some benefits of sports massage. The review also found that randomised controlled trials provide moderate evidence of sports massage's efficacy in facilitating recovery from repetitive muscular contractions. However, the review underscores the need for further investigation using standardised protocols and measuring similar outcome variables to more conclusively determine the efficacy of sports massage and the optimal strategy for its implementation to enhance recovery following intense exercise. This highlights the importance of athletic trainers, sports scientists, and coaches in future research. Overall, the literature review suggests that while there is limited evidence to support the use of sports massage for muscle recovery and performance improvement after intense exercise, there are some potential benefits in reducing symptoms of delayed onset muscle soreness and facilitating recovery from eccentric repetitive muscular contractions. 


Sports Massage in Post-Exercise Recovery
In recent years, sports massage has gained popularity among athletes for its potential to relieve muscle fatigue and soreness (Zainuddin et al., 2005). Many athletes have found massage treatments to help promote post-workout recovery, as massage is thought to facilitate muscle recovery after intense exercise. Some research has revealed that both sports and regular massage can decrease the likelihood of delayed-onset muscle soreness (DOMS) and muscle fatigue while also helping to minimise the decline in muscle strength resulting from strenuous physical activity (Zainuddin et al., 2005). Sports massage is a commonly used to reduce exercise-induced strength loss and improve recovery time. It is believed to enhance muscle blood flow and facilitate healing, promoting long-term muscle recovery following intense exercise, such as eccentric exercise (Nelson, Nicole, MS, LMT, 2013). Despite the differences in sports massage techniques and principles globally, there is a lack of emphasis on optimising muscular exercise recovery. Studies have shown that engaging in intense, unaccustomed muscular exercises, particularly those that involve eccentric contraction, can trigger muscle fatigue, delayed onset muscle soreness (DOMS), and even muscle damage. Sports massage has become increasingly popular among athletes to mitigate the impact of muscle fatigue, DOMS, and loss of muscle strength (Davis, Alabed & Chico, 2020). However, few studies have been conducted to validate its therapeutic benefits. Despite its widespread use, the effectiveness of sports massage in enhancing post-exercise recovery remains a puzzle. The physiological mechanisms by which massage might boost recovery are still unclear (Poppendieck et al., 2016). Studies have been conducted to explore its potential to influence immediate post-exercise recovery and reduce post-exercise DOMS, but the findings have been inconsistent. This underscores the need for more research to gain a deeper understanding of the effects of massage on post-exercise recovery and DOMS. While it's been suggested that psychological relaxation induced by massage could trigger an analgesic response to muscle soreness sensation through muscle sensory receptors, the exact physiological mechanisms involved in this process are yet to be fully understood  (Davis, Alabed & Chico, 2020).



Eccentric Exercise on Muscle Fatigue and Soreness
There is a widely held belief that the stiffness experienced after eccentric exercises is related to swelling due to muscle damage (Nelson, Nicole, MS, LMT, 2013). However, it has been noted that passive tension and stiffness can change immediately after exercise before any visible swelling has occurred. Swelling peaks around 24 hours after exercise and begins to subside by the fourth day. Typically, soreness sets in approximately 6-8 hours after exercise and reaches its maximum intensity about 48 hours later (Hart, Swanik & Tierney, 2005). According to current understanding, tissue breakdown products sensitise nociceptors, causing them to respond to stimuli that would not usually cause pain. This is why the muscle is tender to palpation, stretching, and contraction. Recent studies suggest that the delayed soreness from eccentric exercise may involve large-fibre mechanoreceptors. Some researchers believe that the input from mechanoreceptors, including afferents of muscle spindles, may access the pain pathway at the level of the spinal cord.

Post-eccentric muscular work can lead to a loss of approximately 30% to 40% contractile muscular strength that can persist for several days or over a week (Zainuddin et al., 2005). Prolonged muscle strength loss is common in overtrained and over-exerted muscles. The reduction in strength is likely due to muscle damage at the sarcomere level, where the sarcomeres are excessively elongated. Unfamiliar eccentric exercise typically results in muscle fatigue and DOMS, and the highest muscle soreness is usually observed 24 to 72 hours after exercise. It is believed that eccentric exercise can cause damage to the muscle contractile elements, and post-exercise degeneration, likely influenced by reduced control over calcium homeostasis, may be a critical factor in the extended loss of muscle force production after exercise (Guo et al., 2017).







Sports Massage Therapy on Athletic Performance
Athletes have highly praised massage therapy for its potential to enhance their performance (Davis, Alabed & Chico, 2020). In fact, many major athletic teams employ massage therapists. Despite this, research on the effects of massage on physiological and psychological parameters related to athletics is limited, with only a small amount of literature on massage therapy and physical activity being published. The findings from research on sports massage are mixed regarding the treatment's effectiveness in addressing a specific physiological condition. It is common for authors of sports massage articles to conclude that massage does not justify its use in facilitating athletic performance (Jakeman, Byrne & Eston, 2010). Still, such studies may lack critical elements to adequately declare the effect of massage on muscle activity and other areas that may complement performance, such as its psychological effect on an athlete's ability to focus on a task or its potential to prevent injuries.

Sports Massage on Delayed Onset Muscle Soreness
Delayed Onset Muscle Soreness (DOMS) is a condition characterised by increased pain sensitivity and inability to generate force. DOMS soreness is usually felt within the first 12-24 hours following unaccustomed exercise that involves eccentric muscle contraction. The soreness peaks at around 48 hours, and it may take up to a week to 10 days for the symptoms to completely resolve. Peak force deficits are generally observed between 24-48 hours post-activity (Kargarfard et al., 2016). People suffering from DOMS experience a reduction in eccentric, concentric, and isometric force. The recovery of eccentric force generation may take up to 8-10 days, while the recovery of concentric and isometric force is quicker, taking around 4 days  (Hart, Swanik & Tierney, 2005).Examination of muscle cells after eccentric contractions indicates structural damage to the cells and discharge of cellular components, which leads to oedema and a localised inflammatory response (Martin et al., 1998) (Kargarfard et al., 2016). Some research articles investigating the effects of massage on DOMS have been published, supporting massage as a means of reducing muscle soreness associated with eccentric activity (Zainuddin et al., 2005). The degree of support for massage on soreness recovery may have to do with the number of massages given, the number of subjects in the research, the number of days the research was conducted, the massage techniques applied, and the ability of the therapist who delivers the massage or their training.
It is recognized that when massage is administered within a 2-hour window after eccentric activity, a significant reduction of soreness is first noted between 24-48 hours after activity and continues until symptoms subside or throughout the duration of the study. Some limitations are noted in the studies investigating the effect of massage on force recovery after eccentric exercise that induces DOMS  (Davis, Alabed & Chico, 2020). The optimal treatment duration, frequency, and technique are still unknown. Despite this, studies have shown that massage can increase force recovery. Nevertheless, more research needs to be conducted to verify or refute whether massage can effectively facilitate force recovery after eccentric exercise that induces DOMS. Although there are some positive trends, further studies are needed to draw definitive conclusions.

Sports Massage on Muscle Fatigue 
 Studies have shown that massage can aid in improving nutrient flow and waste removal, as well as promote relaxation to facilitate normal recovery  (Nelson, Nicole, MS, LMT, 2013). Typically, massage recovery interventions follow a test, intervention, and retest format. However, limited research has been conducted on massage's effects on muscle fatigue recovery. One study conducted by Monedero et al found that a 15-minute recovery massage did not improve cycling time for a second 5 km maximal effort on a bicycle ergometer when compared to active recovery or passive rest alone. Nevertheless, a combined recovery approach consisting of massage and active cycling significantly reduced the increase in cycling time for the second effort.

Sports Massage on Flexibility, Injury Recovery and Tissue Healing
The literature recommends proper maintenance of muscles and connective tissues utilising nutrition, rest and stretching, especially after performing strenuous exercises such as eccentric exercise. However, a soft tissue injury is inevitable due to the demands on the muscle (Behan et al., 2023). Thus, preventing injuries and optimising tissue healing after exercise is vital. Injuries are a significant concern for competitive athletes as they may affect their ability to compete and lose valuable training time and self-confidence. Adequate flexibility and range of motion are generally believed to benefit injury prevention and optimal muscular performance.

Conclusion
While there is some research on the benefits of sports massage, the evidence supporting its efficacy for athletes is currently limited (Davis, Alabed & Chico, 2020). However, it is essential to note that the lack of conclusive evidence is not necessarily due to a lack of support for its effectiveness but rather a scarcity of high-quality research. Additionally, the large number of studies with methodological deficiencies, such as small sample sizes, varying massage techniques, and inconsistent therapist training, further complicates the interpretation of the available research. As a result, accurately understanding the actual benefits of sports massage remains a challenge. 

Method

Participants
Sixteen physically active and healthy males aged 18 and above voluntarily participated in a clinical intervention trial. Before the trial, it was confirmed that none of the participants had any prior injuries or disabilities that could impede their ability to complete the exercise protocol or receive clinical massage intervention. Participants were instructed to maintain good physical fitness and avoid strenuous activities leading to the trial to ensure the best possible outcome. In addition, all participants provided informed consent agreements before the trial began. Any participants with medical conditions that could interfere with the trial procedures, such as lower extremity fatigue, recent injuries, cramps, or loss of sensation, were not allowed to participate.



Design
All participants underwent initial clinical assessments and interviews and were asked about any possible contraindications preventing them from participating in the research. Informed consent and Par-Q were also obtained (see Appendix 1) for the exact copy used. Following a thorough clinical assessment and evaluation, participants were given clear instructions to engage in a brief 2-minute warm-up exercise. The primary goal of this routine was to prepare their lower extremities for the upcoming eccentric exercise. It consisted of two exercises: 10 leg swings on each side and 10 single-leg Romanian deadlifts (RDL) on each leg, focusing on the hamstring muscle group.

After warming up, participants were asked to perform the Nordic Hamstring Curl Exercise. They were instructed to complete one set of 10 repetitions or to the point of failure. The exercise was done using the Nord Board machine, which was the primary equipment for this exercise protocol. This exercise particularly effectively strengthens the hamstring muscles, which are crucial for maintaining knee joint stability and preventing hamstring strain injuries (Behan et al., 2023) (de Oliveira et al., 2020).

Protocol
In this study, the participants were divided into Group A: Intervention Group and Group B: Controlled Group. The group allocation was done randomly. The names of the participants were put in a box, and eight names were selected for each group.All 16 participants were asked to perform the Nordic Hamstring Curl Exercise Protocol, which is a challenging exercise that requires the participant to start by kneeling on the Nord Board with their ankles supported by a clasp. They then had to cross their hands in front of them and lower their torso towards the ground as far as possible while tightening their hamstrings, glutes, and abs, and keeping their back straight while slowly leaning forward. Once they reached their limit, they had to use their hands to lift their body back up to the starting position, squeezing their hamstring and glutes hard to maximise the contraction. This cycle was repeated ten times or until the participants reached the point of failure.

After completing the Nordic Hamstring Curl exercise, all participants were evaluated by the researcher in charge. A Visual Analogue Scale (VAS) was used to evaluate pain levels, "On a scale of 0 to 10, where 0 represents no pain, (Begum, Hossain, 2019) and 10 represents extreme pain and discomfort”. The VAS pain scale was assessed based on the participant's perceived pain after 30 minutes of rest for the control group and after sports massage for the massage group. After resting, the participants' hamstring flexibility and mobility were assessed, and a single leg raise test was performed bilaterally using a goniometer. All measurements, including the VAS pain scale scores, single leg raise tests, and hamstring strength tests, were gathered for comparison and data analysis afterwards. This study's primary goal was to determine whether the massage intervention can aid muscle fatigue and soreness associated with DOMS after the Nordic Hamstring Curl exercise protocol  (Jakeman, Byrne & Eston, 2010) and whether it affects hamstring muscle strength and flexibility, mobility, and pain levels. These measurements were repeated on the 24-,48- and 72-hour post-exercise. The massage group’s VAS pain score, hamstring strength and flexibility using SLR were all measured after the massage intervention on those consecutive days, while the control group were only advised to rest and do their normal daily activities without any intervention. Measurements were also assessed at 24-,48- and 72-hour post-exercise.

Sports Massage Intervention
During this research study on muscle recovery after exercise, participants were given a sports massage treatment on their hamstring muscles. The massage therapists used a warming effleurage technique, which involved gentle pressure applied in the direction of the muscle fibre from distal to proximal. This was followed by a 2-minute petrissage, which included kneading, wringing, trigger pointing, and deep pressure massage, and a 1-minute tapotement, which involved hacking and cupping to activate and agitate the tissues of the hamstring muscle. Lastly, another effleurage was applied for 1 minute to finish the intervention.The experimental group, Group A, received a total of 10-minute recovery sports massage treatment on both hamstring muscles after the exercise protocol and post-assessment. In contrast, the control group, Group B, was advised to rest for 10 minutes and stay hydrated. No allergies were recorded from the massage medium used during the study.

After the massage treatment, both groups were advised to return to the treatment facility for follow-up interventions and assessments after the 24-, 48-, and 72-hour periods. The experimental group received post-recovery sports massage interventions, SLR for hamstring flexibility measurements, NordBord for hamstring muscle strength and VAS pain scale scores throughout the 72-hour recovery period. On the other hand, the control group was only advised to rest, avoid any strenuous exercise, and just do regular daily activity. No interventions were given, only SLR for hamstring flexibility measurements, NordBord for hamstring muscle strength and VAS pain scale scores throughout the 72-hour recovery period. All findings were reviewed, analysed, and compared using SPSS; Paired Sample T-tests and Independent T-tests were used to interpret the data collected. Microsoft Excel was also used to create the bar graphs.

Results 

Results of Paired Sample T-Tests
This Paired Sample T-test provided and evaluated the statistical significance of the mean difference between paired observations for the Massage Group (MG) and the Control Group (CG). This includes the VAS Pain Score in Table 1, The Nordic Hamstring Strength Test in Table 2 and the Single-Leg Raise Test in Table 3.

Table 1: VAS Pain Score

	Time
	MeanSD
	         t
	         df
	Two-Sided p
	Cohen’s D
	Difference

	
	MG
	 CG
	MG
	CG
	MG
	CG
	MG
	CG
	MG
	CG
	MG
	CG

	30 min


	2.01.1
	1.90.8
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	24-hour


	3.51.1
	3.40.7
	-3.97
	-5.61
	7
	7
	.005
	<.001
	-1.40
	-1.98
	Yes
	Yes

	48-hour


	5.81.2
	6.31.2
	-9.11
	-8.79
	7
	7
	<.001
	<.001
	-3.21
	-3.11
	Yes
	Yes

	72-hour


	2.12.0
	3.50.9
	-0.24
	-4.33
	7
	7
	.815
	.003
	-0.086
	-1.53
	No
	Yes



This table shows that VAS pain scores for the massage and control groups have no significant differences between each other. The pain improvement table shows that whether the participants received the intervention or not, their pain scores improved throughout the 3-day recovery period. Table 1 presents the means and SDs for visual analogue pain scale measurements (VAS) for both the massage group (MG) and the Control (CG) over time. The Paired Sample T-Test for the Massage Group results show that the mean VAS pain score differs before treatment and 30 minutes after the exercise protocol (M=2.0, SD=1.1) compared to the 24-hour post-massage treatment (PMT) (M=3.5, SD=1.1), 48-hour PMT  (M=5.8, SD=1.2), and 72-hour (M=2.1, SD=2.0) PMT at the 0.05 level of significance, for the 24hrs PMT  t(7)=-3.97, 48hrs t(7)=-9.11, 72hrs t(7)=-0.24, n=8, p<0.05, 95% CI for mean difference: 30 minutes post-massage to 24-hour (-2.39 to -0.61)), r=0.500, 48-hour (-4.72 to -2.78), r=0.459 and 72-hour (-1.34 to 1.09), r=0.724. On average, the VAS pain scores for the 24-hour post-treatment were about -1.5, the 48-hour was about -3.75, and the 72-hour was about -0.125 points greater than the 30 minutes after the first massage treatment protocol. The Control Group results also show that the mean VAS pain score differs 30 minutes after exercise protocol with no massage treatment  (M=1.9, SD=0.8) compared to the 24-hour (M=3.4, SD=0.7), 48-hour (M=6.3, SD=1.2) and 72-hour (M=3.5, SD=0.9) at the 0.05 level of significance, for the 24hrs recovery period with no massage intervention t(7)=-5.61, 48hrs t(7)=-8.79, 72hrs t(7)=-4.33, n=8, p<0.05, 95% CI for mean difference: 30 minutes post-exercise without massage to 24-hour (-2.13 to -0.87),r=0.546, 48-hour (-5.55 to -3.20), r=0.167 and 72-hour (-2.51 to 0.738), r=0.277. On average, the VAS pain scores for the 24-hour post-treatment were about -1.5, the 48-hour was about -4.375, and the 72-hour was about -1.625 points greater than the 30 minutes after the exercise protocol without any massage intervention. 

Table 2: Nordic Hamstring Strength Test

	Time
	MeanSD
	         t
	         df
	Two-Sided p
	Cohen’s D
	Difference

	
	MG
	 CG
	MG
	CG
	MG
	CG
	MG
	CG
	MG
	CG
	MG
	CG

	Max Strength
Pre-Protocol

	296.967.6
	276.120.4
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	24-hour


	27972.1
	23868.5
	2.18
	5.04
	7

	7
	.065
	.001
	.772
	1.783
	No
	Yes

	48-hour


	248.191.9
	231.481
	2.84
	3.37
	7

	7
	.025
	.012
	1.006
	1.192
	Yes
	Yes

	72-hour


	28184.2
	263.872.3
	1.23
	1.09
	7
	7
	.256
	.342
	.437
	.360
	No
	No



Table 2 presents the means and SDs for the Nordic Hamstring Strength Test (NHST) for the massage group (MG) and the Control Group (CG) over the period of 24hrs, 48hrs and 72hrs. The Paired Sample T-Test for the Massage Group results show that the mean NHST differs before exercise protocol; the initial NHST is the maximal hamstring test (M=296.9, SD=67.6) compared to the 24-hour post-massage treatment (PMT) (M=279, SD=72.1), 48-hour PMT  (M=248.1, SD=91.9), and 72-hour (M=281, SD=84.2) PMT at the 0.05 level of significance for the 24hrs PMT t(7)= 2.18, 48hrs t(7)= 2.84, 72hrs t(7)= 1.23, n=8, p<0.05, 95% CI for mean difference: 30 minutes post-massage to 24-hour ( -1.47 to 37.22), r=0.947, 48-hour (8.25 to 89.37), r=0.858 and 72-hour (-14.82 to 47.32), r=0.903. On average, the NHST for the 24-hour post-treatment were about 17.87, the 48-hour was about 48.81, and the 72-hour was about -16.25 points greater than the first maximal Nordic Hamstring Test attempt before the exercise protocol. The results also show that the mean of the Nordic Hamstring Strength Test (NHST) differs before exercise protocol with the Control Group (CG), the first attempt is the maximal hamstring test (M=276.1, SD=20.4) compared to the 24-hour (M=238, SD=68.5), 48-hour (M=231.4, SD=81) and 72-hour (M=263.8, SD=72.3) at the 0.05 level of significance, for the 24hrs PMT t(7)=5.04, 48hrs t(7)=3.38, 72hrs t(7)=1.02,  n=8, p<0.05, 95% CI for mean difference: 30 minutes post-exercise without massage to 24-hour (19.78 to 54.72),r=0.955, 48-hour (13.34 to 75.91), r=0.886 and 72-hour (-16.25 to 40.88), r=0.886. On average, the NHST for the 24-hour post-treatment were about 37.25, the 48-hour was about 44.63, and the 72-hour was about 12.31 points greater than the first maximal Nordic Hamstring Test attempt before the exercise protocol. 

Table 3: Single Leg Raise Test

	Time
	MeanSD
	         t
	         df
	Two-Sided p
	Cohen’s D
	Difference

	
	MG
	 CG
	MG
	CG
	MG
	CG
	MG
	CG
	MG
	CG
	MG
	CG

	Pre-Exercise 
	76.513.7
	86.38.04
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a
	n/a

	Post-Exercise 
	74.311.4
	79.96.7
	.827
	5.59
	7
	7
	.436
	<.001
	.292
	1.976
	No
	Yes

	30-min Post Massage Intervention

	78.37.7
	83.16.1
	-.497
	1.96
	7
	7
	.635
	.091
	-.175
	.693
	No
	No

	24-hour
(PMI)

	81.48
	79.95.4
	-1.99
	3.68
	7
	7
	.087
	.008
	-.704
	1.302
	No
	Yes

	48-hour
(PMI)

	72.86.7
	74.65.2
	1.11
	7.43
	7
	7
	.302
	<.001
	.394
	2.627
	No
	Yes

	72-hour
(PMI)

	84.18.4
	80.65.1
	-3.24
	3.36
	7
	7
	.014
	.012
	-1.147
	1.186
	Yes
	Yes



Table 3 presents the means and SDs of the Single Leg Raise Test for the massage group (MG) and the Control Group (CG) over time. The Paired Sample T-Test for the Massage Group results show that the mean SLR test results differ before the exercise protocol (M=76.5, SD=13.7), after the exercise protocol (M=74.3, SD=11.4) and 30 minutes after the first massage intervention (M=78.3, SD=7.7) compared to the 24-hour post-massage treatment (PMT) (M=81.4, SD=8), 48-hour PMT  (M=72.8, SD=6.7), and 72-hour (M=84.1, SD=8.4) PMT at the p<0.05 level of significance the pre- and post-exercise t(7)=0.827, for the post-exercise to 30 mins. PMT t(7)=-0.496, 24hrs PMT t(7)=-1.99, 48hrs t(7)=1.12, 72hrs t(7)=-3.24, n=8, p<0.05, 95% CI for mean difference: SLR pre-exercise to SLR post-exercise (-4.188 to 8.69),r=0.826, SLR post-exercise to 30 minutes post-massage (-10.1 to 6.6),r=0.696, then the 24-hour (-10.67 to -0.92)), r=0.931, 48-hour (-4.06 to 11.31), r=0.803 and 72-hour (-13.18 to -2.07), r=0.930. On average, the Massage Group (MG) SLR test results for the Pre- and Post-Exercise were 2.25, Post-Exercise to PMT were -1.75, the 24-hour PMT were about -4.88, the 48-hour was about 3.63, and the 72-hour was about -7.63 points greater than the first Single Leg Raise pre-exercise test. 

The SLR test results differ for  CG before the exercise protocol (M=86.3, SD=8.04), after the exercise protocol (M=79.9, SD=6.7) and the 30-minute recovery period (M=83.1, SD=6.1) compared to the 24-hour of no intervention, recovery period  SLR test (M=79.9, SD=5.4), 48-hour  (M=74.6, SD=5.2), and 72-hour (M=80.6, SD=5.1) at the p<0.05 level of significance, for the pre- and post-exercise df (7)=5.59, post-exercise to 30 mins recovery period df (7)=1.96, 24hrs  df (7)=3.68, 48hrs df(7)=7.43, 72hrs df(7)=3.36, n=8, p<0.05, 95% CI for mean difference: SLR pre-exercise to SLR post-exercise (3.68 to 9.07),r=0.921, SLR post-exercise to 30 minutes recovery period (-0.66 to 7.03),r=0.823, then the 24-hour (-2.28 to -10.47), r=0.805, 48-hour (8.01 to 15.59), r=0.856 and 72-hour (1.70 to 9.80), r=0.820. On average, the Non-Massage Group (MG) SLR test results for the pre-and post-exercise were 6.375, post-exercise to 30 min recovery were 3.188, the 24-hour PMT were about 6.375, the 48-hour was about 11.75, and the 72-hour was about 5.75 points greater than the first Single Leg Raise pre-exercise test. 

Results of Independent T-test

Table 4: VAS Pain Score

	Time
	       Mean   SD
	          t
	      df
	Two-Sided p
	Cohen’s D
	Difference

	[bookmark: OLE_LINK1]
30 min


	MG
	CG
	.261
	14
	.798
	.130
	No

	
	2.01.1
	1.90.8
	
	
	
	
	

	24-hour


	3.51.1
	3.40.7
	.271
	14
	.790
	.136
	No

	48-hour


	5.81.2
	6.31.2
	-.816
	14
	.428
	-.408
	No

	72-hour


	2.12.0
	3.50.9
	-1.742
	14
	.103
	-.871
	No




Table 5: Nordic Hamstring Strength Test

	Time
	       Mean   SD
	          t
	      df
	Two-Sided p
	Cohen’s D
	Difference

	
ND Max Strength
Pre-Protocol


	MG
	CG
	.603
	14
	.556
	.302
	No

	
	296.967.6
	276.120.4
	
	
	
	
	

	24-hour


	27972.1
	23868.5
	1.143
	14
	.272
	.572
	No

	48-hour


	248.191.9
	231.481
	.385
	14
	.706
	.192
	No

	72-hour


	28184.2
	263.872.3
	.430
	14
	.674
	.215
	No





Table 6: Single Leg Raise Test

	Time
	       Mean   SD
	       t
	      df
	Two-Sided p
	Cohen’s D
	Difference

	
Pre-Exercise 
	MG
	CG
	-1.749
	14
	.102
	-.875
	No

	
	76.513.7
	86.38.04
	
	
	
	
	

	Post-Exercise 
	74.311.4
	79.96.7
	-1.221
	14
	.242
	-.611
	No

	30-min Post Massage Intervention

	78.37.7
	83.16.1
	-1.399
	14
	.184
	-.699
	No

	24-hour
(PMI)

	81.48
	79.95.4
	.424
	14
	.678
	.212
	No

	48-hour
(PMI)

	72.86.7
	74.65.2
	-.560
	14
	.584
	-.280
	No

	72-hour
(PMI)

	84.18.4
	80.65.1
	1.028
	14
	.321
	-.514
	No



Table 4 shows Independent T-test Results for the VAS pain score throughout the 72-hour recovery period and intervention. The VAS Pain Score tests were taken 30 minutes after the Nordic Hamstring Exercise Protocol, 24 hours, 48 hours and 72 hours later. Timings were identical for the Massage Group (MG) and the Control Group (CG).The 8 participants from the massage group (MG) who were also assessed for their VAS pain score 30 minutes after the exercise protocol  (M=2.0, SD=1.1) compared to the 8 participants in the control group (M=1.9, SD=0.8) demonstrated that the mean difference is not statistically significant, t(14)=.261, p=.798. 24 hours later, the MG (M=3.5, SD=1.1) compared to the CG (M=3.4, SD=0.7) demonstrated no significant differences between each other, t(14)=.271, p=.790. The 48 hours comparison between the MG (M=5.8, SD=1.2) and CG (M=6.3, SD=1.2) showed no statistically significant difference between two groups, t(14)=-816, p=.428. The 72-hour comparison for MG (M=2.1, SD=2.0) and the NMG (M=3.5, SD=0.9) shows no statistically significant difference between the two groups.

Table 5 shows Independent T-test results for the Nordic Hamstring Strength Tests throughout the 72-hour recovery period and intervention. The tests were also taken before completing the exercise protocol. The maximal strength test for the hamstring was taken first. It is then repeated by all participants of both groups, The MG and the NMG, 24, 48 and 72 hours later. The MG’s Nordic Hamstring Strength Test (NDHST) was taken every day after the massage, while the NMG’s only did the NDHST without the massage. The MG’s initial test or the maximal NDHST (M=296.9, SD=67.6) compared to the NMG’s maximal NDHST (M=276.1, SD=20.4) showed no significance t(14)=.603, p=.556. The MG’s 24-hour recovery period (M=279, SD=72.1) compared to the CG’s recovery (M=238, SD=68.5) showed no significance between the two groups t(14)=1.143, p=.272. The MG’s 48-hour recovery (M=248.1, SD=91.9) compared to the CG’s recovery (M=231.4, SD=81) showed no difference, t(14)=.385, p=.706. Lastly, the MG’s 72-hour recovery (M=281, SD=84.2) compared to the NMG’s recovery (M=238, SD=68.5) showed no significant difference between the two groups, t(14)=.430, p=.674

Table 6 shows Independent T-test results for the Single Leg Raise Tests throughout the 72-hour recovery period and intervention. The Single Leg Raise Tests (SLRT) were taken five times for both the massage and massage groups. Pre-exercise SLRT, post-exercise SLRT, 30 minutes post-massage/recovery time, 24, 48 and 72 hours after post-massage treatment (PMT) or recovery period. The MG’s pre-exercise SLR (M=75.6, SD=13) compared to the NMG’s pre-exercise SLRT (M=86.3, SD=8.04) showed no significant differences, t(14)==1.749, p=.102. The MG’s post-exercise SLRT (M=74.3, SD=11.4) compared to CG’s SLRT (M=79.9, SD=6.7) showed no significant differences, t(14)=-1.221, p=.242. The MG’s 30 minute post-massage SLRT (M=78.3, SD=7.7) compared to the CG’s SLRT (M=83.1, SD=6.1) showed no significant differences t(14)=-1.399, p=.184. The MG’s 24-hour PMT SLRT (M=81.4, SD=8) compared to the CG’s recovery period SLRT (M=79.9, SD=5.4) showed no significant difference, t(14)=.424, p=.678. The MG's 48-hour PMT SLRT (M=72.8, SD=6.7) compared to the NMG’s recovery period SLRT (M=74.6, SD=5.2) showed no significant differences t(14)=-.560, p=.584. Lastly, the MG’s 72-hour PMT SLRT (M=84.1, SD=8.4) compared to the CG’s recovery period with no massage intervention SLRT (M=80.6, SD= 5.1) showed no significant differences between the two groups, t(14)=1.028, p=.321.














Discussion 

This study demonstrated that sports massage does not appear to have any local effects on reducing pain symptoms, muscle strength, and flexibility during recovery after an intense Nordic Eccentric Exercise to the hamstring muscle group. 

Graph 1: 



*This bar graph represents the VAS pain scales of the massage and control groups. Notably, the pain score is at its peak in the 48th hour of recovery for both groups. While the massage group’s 72-hour pain decreased drastically, the control group's remains relatively high. This suggests that sports massage does not decrease pain and discomfort during recovery period.

Graph 2


*This bar graph represents the Nordic Hamstring Strength Test of the massage and control groups. It shows no significant differences as all bars are mostly and relatively the same heights. This demonstrates that sports massage does not affect nor improve strength performance.


Graph 3

*This bar graph represents the hamstring flexibility of the massage and control groups using a single-leg raise test. The comparison of the two groups shows no significance on SLR. The graph suggests sports massage does not improve single-leg raises and hamstring flexibility.

This study aimed to investigate the effects of a 10-minute sports massage, which was performed 30 minutes after a Nordic Hamstring Eccentric exercise, on muscle fatigue and other indicators of eccentric-exercise-induced muscle damage, such as DOMS. A Visual Analogue Scale (VAS) was used to quantify the magnitude of muscle fatigue, discomfort, stiffness, and soreness to assess pain sensation (Begum, Hossain, 2019). However, the perception of pain is highly subjective. It varies widely among individuals, making using the VAS pain scale as a quantifier problematic but an important variable to consider (Begum, Hossain, 2019). The possibility of a placebo effect was also considered while assessing the VAS pain scale after each massage, as people always expect to feel some effects after receiving a massage, and physiological effects may always exist to some degree. Furthermore, the changes in muscle strength and single leg raise or ROM immediately post-exercise were not significantly different between the massage and control groups.

The VAS pain scale, Nordbord to check hamstring maximal strength (Amundsen et al., 2022), and SLR for functional tests were used in this investigation to evaluate the effect of a 10-minute sports massage after eccentric exercise. A significant increase in pain score was recorded, while muscle strength and functionality were found to have decreased immediately after the eccentric exercise. These changes were also noted 30 minutes after the eccentric exercises. Recovery periods of 24, 48, and 72 hours for the massage and control groups were also recorded. The timing of observations coincided with the athletes' initial complaints of muscle fatigue, discomfort, and DOMS after a strenuous eccentric exercise.

Research also included both men and women to ensure the findings applied to both genders. However, it is unclear whether gender-based differences exist in how the body responds to eccentric-induced muscle fatigue and discomfort (Davis, Alabed & Chico, 2020). Furthermore, there is debate about the impact of gender on muscle damage and the inflammatory response during recovery after eccentric exercise. Some physiological factors, like women's menstrual cycles, were not considered, which could affect the study's results. Studies on related topics have used primarily male or mixed-gender samples, resulting in limited information on female athletes. Therefore, this study has contributed to limited literature regarding female recovery responses (Jakeman, Byrne & Eston, 2010). This study has a few limitations as it only has 16 participants in total for both the massage and control groups. This may be too small to quickly detect the significance of the results, particularly on variability results. There was not enough evidence of improvement in the strength performance measures, even though placebo effects could have affected it. A few limitations of this research also include gender-biased results, especially for strength and flexibility, and pain tolerance for males and females, which could have affected the VAS scoring system. 

Data from Tables 4,5, and 6 from the Independent T-tests comparing the results between the massage group and control group found no conclusive evidence for sports massage's benefits and outcomes on perceived pain from DOMS and muscle fatigue, muscle strength and SLR functional flexibility test. The comparison of the two groups did not show any significant evidence that the massage group did any better than the control group. Data from this study showed that sports massage improved the participants' perceived pain after each recovery massage (see Graph 1); however, compared to the control group recovery, there is not much difference in both groups’ perceived pain score. As expected, the discomfort and pain, stiffness and soreness, and reduced muscle strength peaked within 24 hours and rose even higher on the 48th hour. This is due to the muscle damage caused by DOMS. Graph 2 showed the hamstring and lower extremities' muscle strength using Nordbord; significantly reduced decrements in muscle strength and performance were shown in the graph. Though the massage group versus the control group did not show a lot of discrepancies, Table 3 proved that massage does not improve recovery performance compared to the control group. Graph 3 also suggests that single-leg raise for hamstring flexibility did not improve by massage intervention and is backed up by Table 6, which shows no statistical differences between massage and control group in recovery for hamstring flexibility.

Sports Massage on Perceived Pain
The Nordic Hamstring Eccentric Exercise protocol effectively induced muscle fatigue  (de Oliveira et al., 2020) and delayed onset muscle soreness (DOMS) because pain measures significantly increased within 30 minutes after the exercise protocol. Pain measurements were measured via VAS pain score and remained elevated during the 3 days after muscle fatigue induction. The pain scale is at its highest during the 48-hour recovery period for both the massage and control groups (see Graph 1). Pain reduction was noted in all sessions, but not all values were statistically significant. The perceived pain usually comes from delayed onset muscle soreness, a common symptom that typically appears after engaging in eccentric exercises and causes muscle damage. This soreness usually begins 8-12 hours after the workout and peaks at around 2-3 days (48-72 hours) (Jönhagen et al., 2004). These muscle aches can cause significant discomfort and limit muscle strength and range of motion. The soreness is believed to originate from inflammation in the damaged muscle, which triggers pain receptors and produces dull, aching pain. The soreness gradually diminishes and usually disappears within 8-10 days following the exercise (Poppendieck et al., 2016).

The treatment protocol used in this study had a noticeable impact on the participants' perceived pain levels following the massage intervention. However, the study found no significant differences between the treatment groups given sports massages and those not. It is possible that active or passive rest could have contributed more to the observed reduction in pain within each session. Additionally, it is essential to acknowledge that the reduction in pain could also result from the natural passage of time or some other factor that was not controlled for in the study's design. It is worth noting that each participant's perceived pain tolerance could have affected their individual pain score, which may contribute to measurement error. Overall, based on the results of the VAS pain score, we cannot conclude that a 10-minute sports massage treatment, which included effleurage, petrissage, and tapotement, improves perceived pain during the recovery from muscle fatigue and DOMS after an eccentric exercise to fatigue or failure over the effects of active rest alone. This study has also shown that sports massage has no local effects in reducing muscle fatigue, functional loss as measured with an active single leg raise test, and decreased muscle strength following a strenuous Nordic eccentric exercise to the hamstring muscle. Furthermore, it has been suggested that massage, in general, may not provide any apparent physical gain for the described indications.

Sports Massage on Muscle Fatigue
Muscle fatigue is a subjective measure of how tired your muscles feel. It is characterised by reduced muscle power, force, and velocity, which can be quantified and reversed by rest. This helps differentiate muscle fatigue from muscle weakness or damage, which are not typically reversible through rest  (Jönhagen et al., 2004)  (Davis, Alabed & Chico, 2020)

The Massage group reported significantly improved fatigue ratings and lower subjective pain after each sports massage, but there was no difference between the control group for pressure pain threshold. Muscle fatigue recovery was assessed using a Nordbord hamstring strength test (Amundsen et al., 2022). Tables 2 and 5 indicated no significant differences regarding strength improvement between the massage and control groups, while Graph 2 also showed the gradual strength reduction from the first 24 hours of recovery, which worsened on the 48th hour. This could be the result of muscle tightness and soreness associated with DOMS. This study found that although sports massage did not affect strength and functionality, it reduced the perceived pain and fatigue ratings after the treatment compared to the control group. However, both paired sample t-test and independent sample t-test results found no significant evidence of the effect of massage on fatigue after a three-day recovery period.

Sports Massage on Flexibility
It is essential to have flexibility in functional activities; therefore, this recent study used the active single leg raise test (ASLR) to measure hamstring muscle tightness and flexibility after a strenuous eccentric exercise. Tables 3 and 6 show that the massage group noted significant differences on the 24th and 72nd hours of the recovery, and SLR measurement improved after receiving massage intervention. The 48th hour shows no significant difference in SLR improvement and flexibility. This is because DOMS and muscle stiffness and soreness are at their peak during the 48 hours of recovery (Hart, Swanik & Tierney, 2005). 
The study also found no significant evidence between the massage and control groups. Although there was a slight increase in hamstring flexibility after the massage intervention compared to the control group, tightness was still noticeable. During the 48th-hour recovery period (as shown in Graph 3), the massage and the control groups had relatively low SLR test results due to the hamstring's tightness and DOMS's peak. Due to high heterogeneity, some studies found that massage significantly increased flexibility scores. However, this research study is limited due to the small sample size of 16 participants. 

Sports Massage on DOMS
Delayed onset muscle soreness co-exists with muscle fatigue, though they’re different. It is a muscular discomfort following an intense exercise. The intensity of discomfort increases within 24 to 72 hours post-exercise, subsiding after 5 to 7 days. It’s been hypothesised that sports massage benefits and helps recovery from muscle fatigue and DOMS  (Guo et al., 2017). The 8 participants from the massage group suggested that the 10-minute sports massage they received 30 minutes after the exercise protocol and the 24,48 and 72-hour post-massage treatments helped them alleviate DOMS symptoms. However, all of these relied on subjective VAS pain rating scales. It is difficult to explain how massage alleviates and reduces DOMS because no authors have yet to describe the effects of massage on the cellular level or events, so further research in this area is needed. However, sports massage is known to increase lymph and blood flow to the fatigued, sore, and injured area; therefore, it is believed to enhance the removal of pain substances that start to accumulate in the muscle, reducing oedema (Kargarfard et al., 2016). Muscle strength, pain, and SLR were assessed after each massage, and the massage did not affect DOMS recovery. This study found no difference between the massage and control groups in DOMS recovery and muscle fatigue. According to the VAS pain score t-test results for both massage and control groups, there was no significant difference in the decreased perceived muscle soreness 24-, 48-, and 72 hours post-exercise.


Conclusion 

This study aimed to investigate the effects of sports massage on recovery after an eccentric exercise. The Nordic Hamstring Eccentric Exercise often leads to muscle fatigue, discomfort, and pain in the hamstring muscle group. These symptoms may start within 24 hours after the exercise and peak between 48 to 72 hours  (Nelson, Nicole, MS, LMT, 2013). The massage group, which has 8 participants, received a 10-minute sports massage protocol, which was administered to the hamstring muscle group 30 minutes after completing the exercise and then repeated at 24, 48, and 72 hours to aid in the recovery process. Despite these efforts, the sports massage did not significantly reduce pain and discomfort during the recovery period, nor did it affect the duration of the muscle fatigue and soreness caused by DOMS throughout the recovery period. Sports massage applied to the hamstring muscle after a Nordic eccentric exercise also did not impact local recovery or muscle strength and flexibility during the 3-day recovery period. 

While the study results don't reveal significant benefits of massage based on the data collected and results gathered, it is worth noting that sports massage is one of the most used techniques to aid in recovery after intense physical training (Poppendieck et al., 2016). Massage is believed to aid in recovery and improve subsequent performance through physiological, biochemical, and psychological mechanisms. However, a recent study found that the initial hypothesis was not justified, so it was rejected. The study showed that sports massage did not have a protective effect on muscle strength or any positive effects on muscle recovery.

It is also essential to consider the design's limitations. These limitations encompass a limited number of participants, differences in how individuals perceive pain and discomfort, and variations in the massage's duration and timing. Consequently, it's challenging to determine definitively whether sports massage is effective. The findings indicate the possibility of a placebo effect, given the lack of evidence supporting its efficacy.

References
Amundsen, R., Heimland, J.S., Thorarinsdottir, S., Møller, M. & Bahr, R. 2022, "Effects of High and Low Training Volume with the Nordic Hamstring Exercise on Hamstring Strength, Jump Height, and Sprint Performance in Female Football Players: A Randomised Trial", Translational sports medicine, vol. 2022, pp. 1-9.
Begum, M.R. & Hossain, M.A. 2019, "Validity and reliability of visual analogue scale (VAS) for pain measurement", Journal of Medical Case Reports and Reviews, vol. 2, no. 11.
Behan, F.P., Opar, D.A., Vermeulen, R., Timmins, R.G. & Whiteley, R. 2023, "The dose–response of pain throughout a Nordic hamstring exercise intervention", Scandinavian journal of medicine & science in sports, vol. 33, no. 4, pp. 542-546.
Cheung, K., Hume, P.A. & Maxwell, L. 2003, "Delayed Onset Muscle Soreness", Sports Medicine, vol. 33, no. 2, pp. 145-164.
Davis, H.L., Alabed, S. & Chico, T.J.A. 2020, "Effect of sports massage on performance and recovery: a systematic review and meta-analysis", BMJ Open Sport & Exercise Medicine, vol. 6, no. 1, pp. e000614.
de Oliveira, N.T., Medeiros, T.M., Vianna, K.B., Oliveira, G.D.S., de Araujo Ribeiro-Alvares, J.B. & Baroni, B.M. 2020, "A FOUR-WEEK TRAINING PROGRAM WITH THE NORDIC HAMSTRING EXERCISE DURING PRESEASON INCREASES ECCENTRIC STRENGTH OF MALE SOCCER PLAYERS", International journal of sports physical therapy, vol. 15, no. 4, pp. 571-578.
Guo, J., Li, L., Gong, Y., Zhu, R., Xu, J., Zou, J. & Chen, X. 2017, "Massage Alleviates Delayed Onset Muscle Soreness after Strenuous Exercise: A Systematic Review and Meta-Analysis", Frontiers in physiology, vol. 8, pp. 747.
Hart, J.M., Swanik, C.B. & Tierney, R.T. 2005, "Effects of sport massage on limb girth and discomfort associated with eccentric exercise", Journal of athletic training, vol. 40, no. 3, pp. 181-185.
Jakeman, J., Byrne, C. & Eston, R. 2010, "Efficacy of Lower Limb Compression and Combined Treatment of Manual Massage and Lower Limb Compression on Symptoms of Exercise-Induced Muscle Damage in Women", Journal of Strength and Conditioning Research, vol. 24, no. 11, pp. 3157-3165.
Jönhagen, S., Ackermann, P., Eriksson, T., Saartok, T. & Renström, P.A.F.H. 2004, "Sports Massage After Eccentric Exercise", The American journal of sports medicine, vol. 32, no. 6, pp. 1499-1503.
Kargarfard, M., Lam, E.T.C., Shariat, A., Shaw, I., Shaw, B.S. & Tamrin, S.B.M. 2016, "Efficacy of massage on muscle soreness, perceived recovery, physiological restoration and physical performance in male bodybuilders", Journal of Sports Sciences, vol. 34, no. 10, pp. 959-965.
Martin, N.A., Zoeller, R.F., Robertson, R.J. & Lephart, S.M. 1998, "The comparative effects of sports massage, active recovery, and rest in promoting blood lactate clearance after supramaximal leg exercise", Journal of athletic training, vol. 33, no. 1, pp. 30-35.
MORASKA, A. 2005, "Sports massage : A comprehensive review", Journal of sports medicine and physical fitness, vol. 45, no. 3, pp. 370-380.
Nelson, Nicole, MS, LMT 2013, "Delayed onset muscle soreness: Is massage effective?", Journal of bodywork and movement therapies, vol. 17, no. 4, pp. 475-482.
Poppendieck, W., Wegmann, M., Ferrauti, A., Kellmann, M., Pfeiffer, M. & Meyer, T. 2016, "Massage and Performance Recovery: A Meta-Analytical Review", Sports Medicine, vol. 46, no. 2, pp. 183-204.
Zainuddin, Z., Newton, M., Sacco, P. & Nosaka, K. 2005, "Effects of massage on delayed-onset muscle soreness, swelling, and recovery of muscle function", Journal of athletic training, vol. 40, no. 3, pp. 174-180.




Appendices

Appendix 1: Informed Consent and Par-Q Form

[image: University of Wales Trinity Saint David launches new digital healthcare  course - Digital Health and Care Wales]
PAR-Q and Informed Consent Form
	Personal details

	First Name
	

	Last Name
	

	Student Number
	

	Course
	

	Year
	

	Please answer the following questions fully and truthfully as it may affect your safety whilst exercising
	YES
	NO

	Has a doctor told you that you have a heart condition AND must seek medical advice before participating in regular exercise?
	
	

	Do you feel a pain in your chest when you perform physical activity?
	
	

	Have you ever had a chest pain when not doing physical activity?
	
	

	Do you lose your balance due to dizziness or do you ever lose consciousness?
	
	

	Do you have a bone or joint condition that could be made worse through physical activity?
	
	

	Are you currently taking any medication for a heart problem?
	
	

	Do you take any other medications on a regular basis?
	
	

	Have you had recent surgery?
	
	

	Do you have any chronic health conditions such as asthma, diabetes?
	
	

	Women Only: Are you pregnant or have you given birth in the last 6months?
	
	


If you have answered YES to any of these then please give details below:
------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------
If you have answered YES to one or more of these questions, then it would be advisable to talk to your doctor before starting exercise. Please comment below if you have any further information regarding your health, physical or otherwise, that has not been covered by the above questions [i.e., past, or present injuries]:
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------Declaration, Terms & Conditions
I have read, understood, and completed this questionnaire to the best of my knowledge and can confirm that the information I have provided is correct. I understand that I am expected to participate in physical activity and exercise as this is a necessary element of the degree.  This may include exercise to exhaustion and maximal efforts.  I am aware that participation in these activities involves the risk of injury.  I agree to work within the guidelines of the laboratory and the parameter of any test protocol when present in the laboratory. I understand that unacceptable or dangerous behaviour may result in my removal from the facilities.  I agree to inform a member of staff in the event of any change to either my personal or medical details.
Signature___________________________________  Date_________________________


Appendix 2: Independent T-test


	Group Statistics

	
	Group
	N
	Mean
	Std. Deviation
	Std. Error Mean

	VASThirty
	ExpGroup
	8
	2.0000
	1.06904
	.37796

	
	ContGroup
	8
	1.8750
	.83452
	.29505

	VASTwentyFour
	ExpGroup
	8
	3.5000
	1.06904
	.37796

	
	ContGroup
	8
	3.3750
	.74402
	.26305

	VASFortyEight
	ExpGroup
	8
	5.7500
	1.16496
	.41188

	
	ContGroup
	8
	6.2500
	1.28174
	.45316

	VASSeventyTwo
	ExpGroup
	8
	2.1250
	2.03101
	.71807

	
	ContGroup
	8
	3.5000
	.92582
	.32733

	NDPre
	ExpGroup
	8
	296.8750
	67.59636
	23.89892

	
	ContGroup
	8
	276.0625
	70.37270
	24.88051

	NDTwentyFour
	ExpGroup
	8
	279.0000
	72.09567
	25.48967

	
	ContGroup
	8
	238.8125
	68.45955
	24.20411

	NDFortEight
	ExpGroup
	8
	248.0625
	91.85370
	32.47519

	
	ContGroup
	8
	231.4375
	80.66794
	28.52042

	NDSeventyTwo
	ExpGroup
	8
	280.6250
	84.18888
	29.76526

	
	ContGroup
	8
	263.7500
	72.32664
	25.57133

	SLRPre
	ExpGroup
	8
	76.5000
	13.67741
	4.83569

	
	ContGroup
	8
	86.3125
	8.04424
	2.84407

	SLRPostEX
	ExpGroup
	8
	74.2500
	11.35467
	4.01448

	
	ContGroup
	8
	79.9375
	6.67317
	2.35932

	SLRPstMnNoM
	ExpGroup
	8
	78.2500
	7.72750
	2.73208

	
	ContGroup
	8
	83.1250
	6.12227
	2.16455

	SLRTwentyfour
	ExpGroup
	8
	81.3750
	7.93613
	2.80585

	
	ContGroup
	8
	79.9375
	5.38143
	1.90262

	SLRFortyEight
	ExpGroup
	8
	72.8750
	6.71751
	2.37500

	
	ContGroup
	8
	74.5625
	5.24702
	1.85510

	SLRSeventyTwo
	ExpGroup
	8
	84.1250
	8.37407
	2.96068

	
	ContGroup
	8
	80.5625
	5.08806
	1.79890



	Independent Samples Test

	
	Levene's Test for Equality of Variances
	t-test for Equality of Means

	
	F
	Sig.
	t
	df
	Significance

	
	
	
	
	
	One-Sided p

	VASThirty
	Equal variances assumed
	.100
	.757
	.261
	14
	.399

	
	Equal variances not assumed
	
	
	.261
	13.221
	.399

	VASTwentyFour
	Equal variances assumed
	1.333
	.268
	.271
	14
	.395

	
	Equal variances not assumed
	
	
	.271
	12.493
	.395

	VASFortyEight
	Equal variances assumed
	.255
	.621
	-.816
	14
	.214

	
	Equal variances not assumed
	
	
	-.816
	13.874
	.214

	VASSeventyTwo
	Equal variances assumed
	1.912
	.188
	-1.742
	14
	.052

	
	Equal variances not assumed
	
	
	-1.742
	9.789
	.056

	NDPre
	Equal variances assumed
	.015
	.904
	.603
	14
	.278

	
	Equal variances not assumed
	
	
	.603
	13.977
	.278

	NDTwentyFour
	Equal variances assumed
	.000
	.997
	1.143
	14
	.136

	
	Equal variances not assumed
	
	
	1.143
	13.963
	.136

	NDFortEight
	Equal variances assumed
	.423
	.526
	.385
	14
	.353

	
	Equal variances not assumed
	
	
	.385
	13.770
	.353

	NDSeventyTwo
	Equal variances assumed
	.625
	.442
	.430
	14
	.337

	
	Equal variances not assumed
	
	
	.430
	13.689
	.337

	SLRPre
	Equal variances assumed
	2.015
	.178
	-1.749
	14
	.051

	
	Equal variances not assumed
	
	
	-1.749
	11.325
	.054

	SLRPostEX
	Equal variances assumed
	1.089
	.314
	-1.221
	14
	.121

	
	Equal variances not assumed
	
	
	-1.221
	11.320
	.123

	SLRPstMnNoM
	Equal variances assumed
	1.507
	.240
	-1.399
	14
	.092

	
	Equal variances not assumed
	
	
	-1.399
	13.304
	.092

	SLRTwentyfour
	Equal variances assumed
	1.508
	.240
	.424
	14
	.339

	
	Equal variances not assumed
	
	
	.424
	12.314
	.339

	SLRFortyEight
	Equal variances assumed
	.552
	.470
	-.560
	14
	.292

	
	Equal variances not assumed
	
	
	-.560
	13.225
	.292

	SLRSeventyTwo
	Equal variances assumed
	1.127
	.306
	1.028
	14
	.161

	
	Equal variances not assumed
	
	
	1.028
	11.549
	.162



	Independent Samples Test

	
	t-test for Equality of Means

	
	Significance
	Mean Difference
	Std. Error Difference
	95% Confidence Interval of the Difference

	
	Two-Sided p
	
	
	Lower

	VASThirty
	Equal variances assumed
	.798
	.12500
	.47949
	-.90340

	
	Equal variances not assumed
	.798
	.12500
	.47949
	-.90912

	VASTwentyFour
	Equal variances assumed
	.790
	.12500
	.46049
	-.86266

	
	Equal variances not assumed
	.790
	.12500
	.46049
	-.87396

	VASFortyEight
	Equal variances assumed
	.428
	-.50000
	.61237
	-1.81341

	
	Equal variances not assumed
	.428
	-.50000
	.61237
	-1.81453

	VASSeventyTwo
	Equal variances assumed
	.103
	-1.37500
	.78916
	-3.06757

	
	Equal variances not assumed
	.113
	-1.37500
	.78916
	-3.13851

	NDPre
	Equal variances assumed
	.556
	20.81250
	34.49925
	-53.18103

	
	Equal variances not assumed
	.556
	20.81250
	34.49925
	-53.19226

	NDTwentyFour
	Equal variances assumed
	.272
	40.18750
	35.15056
	-35.20296

	
	Equal variances not assumed
	.272
	40.18750
	35.15056
	-35.22187

	NDFortEight
	Equal variances assumed
	.706
	16.62500
	43.22097
	-76.07477

	
	Equal variances not assumed
	.706
	16.62500
	43.22097
	-76.21999

	NDSeventyTwo
	Equal variances assumed
	.674
	16.87500
	39.24110
	-67.28879

	
	Equal variances not assumed
	.674
	16.87500
	39.24110
	-67.46849

	SLRPre
	Equal variances assumed
	.102
	-9.81250
	5.61005
	-21.84486

	
	Equal variances not assumed
	.107
	-9.81250
	5.61005
	-22.11701

	SLRPostEX
	Equal variances assumed
	.242
	-5.68750
	4.65644
	-15.67458

	
	Equal variances not assumed
	.247
	-5.68750
	4.65644
	-15.90101

	SLRPstMnNoM
	Equal variances assumed
	.184
	-4.87500
	3.48562
	-12.35091

	
	Equal variances not assumed
	.185
	-4.87500
	3.48562
	-12.38778

	SLRTwentyfour
	Equal variances assumed
	.678
	1.43750
	3.39010
	-5.83353

	
	Equal variances not assumed
	.679
	1.43750
	3.39010
	-5.92806

	SLRFortyEight
	Equal variances assumed
	.584
	-1.68750
	3.01364
	-8.15112

	
	Equal variances not assumed
	.585
	-1.68750
	3.01364
	-8.18686

	SLRSeventyTwo
	Equal variances assumed
	.321
	3.56250
	3.46434
	-3.86778

	
	Equal variances not assumed
	.325
	3.56250
	3.46434
	-4.01851



	Independent Samples Test

	
	t-test for Equality of Means

	
	95% Confidence Interval of the Difference

	
	Upper

	VASThirty
	Equal variances assumed
	1.15340

	
	Equal variances not assumed
	1.15912

	VASTwentyFour
	Equal variances assumed
	1.11266

	
	Equal variances not assumed
	1.12396

	VASFortyEight
	Equal variances assumed
	.81341

	
	Equal variances not assumed
	.81453

	VASSeventyTwo
	Equal variances assumed
	.31757

	
	Equal variances not assumed
	.38851

	NDPre
	Equal variances assumed
	94.80603

	
	Equal variances not assumed
	94.81726

	NDTwentyFour
	Equal variances assumed
	115.57796

	
	Equal variances not assumed
	115.59687

	NDFortEight
	Equal variances assumed
	109.32477

	
	Equal variances not assumed
	109.46999

	NDSeventyTwo
	Equal variances assumed
	101.03879

	
	Equal variances not assumed
	101.21849

	SLRPre
	Equal variances assumed
	2.21986

	
	Equal variances not assumed
	2.49201

	SLRPostEX
	Equal variances assumed
	4.29958

	
	Equal variances not assumed
	4.52601

	SLRPstMnNoM
	Equal variances assumed
	2.60091

	
	Equal variances not assumed
	2.63778

	SLRTwentyfour
	Equal variances assumed
	8.70853

	
	Equal variances not assumed
	8.80306

	SLRFortyEight
	Equal variances assumed
	4.77612

	
	Equal variances not assumed
	4.81186

	SLRSeventyTwo
	Equal variances assumed
	10.99278

	
	Equal variances not assumed
	11.14351



	Independent Samples Effect Sizes

	
	Standardizera
	Point Estimate
	95% Confidence Interval

	
	
	
	Lower
	Upper

	VASThirty
	Cohen's d
	.95898
	.130
	-.853
	1.109

	
	Hedges' correction
	1.01448
	.123
	-.806
	1.049

	
	Glass's delta
	.83452
	.150
	-.838
	1.128

	VASTwentyFour
	Cohen's d
	.92099
	.136
	-.848
	1.115

	
	Hedges' correction
	.97429
	.128
	-.802
	1.054

	
	Glass's delta
	.74402
	.168
	-.822
	1.146

	VASFortyEight
	Cohen's d
	1.22474
	-.408
	-1.393
	.590

	
	Hedges' correction
	1.29563
	-.386
	-1.316
	.558

	
	Glass's delta
	1.28174
	-.390
	-1.377
	.623

	VASSeventyTwo
	Cohen's d
	1.57831
	-.871
	-1.888
	.174

	
	Hedges' correction
	1.66966
	-.824
	-1.785
	.164

	
	Glass's delta
	.92582
	-1.485
	-2.695
	-.212

	NDPre
	Cohen's d
	68.99850
	.302
	-.690
	1.283

	
	Hedges' correction
	72.99206
	.285
	-.652
	1.212

	
	Glass's delta
	70.37270
	.296
	-.706
	1.277

	NDTwentyFour
	Cohen's d
	70.30112
	.572
	-.440
	1.564

	
	Hedges' correction
	74.37008
	.540
	-.416
	1.479

	
	Glass's delta
	68.45955
	.587
	-.457
	1.594

	NDFortEight
	Cohen's d
	86.44194
	.192
	-.794
	1.171

	
	Hedges' correction
	91.44511
	.182
	-.750
	1.107

	
	Glass's delta
	80.66794
	.206
	-.787
	1.185

	NDSeventyTwo
	Cohen's d
	78.48220
	.215
	-.772
	1.194

	
	Hedges' correction
	83.02467
	.203
	-.730
	1.129

	
	Glass's delta
	72.32664
	.233
	-.762
	1.213

	SLRPre
	Cohen's d
	11.22010
	-.875
	-1.892
	.171

	
	Hedges' correction
	11.86951
	-.827
	-1.788
	.161

	
	Glass's delta
	8.04424
	-1.220
	-2.353
	-.027

	SLRPostEX
	Cohen's d
	9.31289
	-.611
	-1.606
	.405

	
	Hedges' correction
	9.85191
	-.577
	-1.518
	.383

	
	Glass's delta
	6.67317
	-.852
	-1.901
	.246

	SLRPstMnNoM
	Cohen's d
	6.97124
	-.699
	-1.701
	.325

	
	Hedges' correction
	7.37473
	-.661
	-1.608
	.308

	
	Glass's delta
	6.12227
	-.796
	-1.835
	.289

	SLRTwentyfour
	Cohen's d
	6.78019
	.212
	-.775
	1.191

	
	Hedges' correction
	7.17262
	.200
	-.732
	1.126

	
	Glass's delta
	5.38143
	.267
	-.732
	1.248

	SLRFortyEight
	Cohen's d
	6.02728
	-.280
	-1.260
	.710

	
	Hedges' correction
	6.37613
	-.265
	-1.191
	.671

	
	Glass's delta
	5.24702
	-.322
	-1.305
	.683

	SLRSeventyTwo
	Cohen's d
	6.92869
	.514
	-.493
	1.503

	
	Hedges' correction
	7.32971
	.486
	-.466
	1.421

	
	Glass's delta
	5.08806
	.700
	-.365
	1.723

	a. The denominator used in estimating the effect sizes.
Cohen's d uses the pooled standard deviation.
Hedges' correction uses the pooled standard deviation, plus a correction factor.
Glass's delta uses the sample standard deviation of the control (i.e., the second) group.





Nordic hamstring Strength Test: Massage Group Vs. Non-Massage Group

MassGroup	NoMassGroup	MassGroup	NoMassGroup	MassGroup	NoMassGroup	MassGroup	NoMassGroup	NDMaxStrBefore	         24hour	          48hour	          72hour	195.49283994802468	253.98380010479156	179.89891764136911	226.44301219913999	163.479050646247	226.77636065150125	184.20347050702725	236.89416000596816	


Single Leg Raise Test: Massage Group Vs. Non-Massage Group

MassGroup	NoMassGroup	MassGroup	NoMassGroup	MassGroup	NoMassGroup	MassGroup	NoMassGroup	MassGroup	NoMassGroup	MassGroup	NoMassGroup	SLRPreEx	SLRPostEx	SLRPostInt	24hour	48hour	72hour	59.225801923018935	56.11891383578331	56.03489059622558	52.703557969173197	53.659167302152099	54.249088717910951	58.103709653068556	52.106311009138899	50.364171473757402	48.269840988484617	59.666355704074043	51.883521254359181	


VAS Pain Score: Massage Group VS. Non-Massage Group 

Mean	MassGroup	NoMassGroup	MassGroup	NoMassGroup	MassGroup	NoMassGroup	MassGroup	NoMassGroup	         30min	         24hour	          48hour	          72hour	1.0172612419124243	1.4273807400990701	2.6422612419124243	2.7797559522857114	4.478741186255359	5.632934972230828	1.2890024002897476	3.3564550249431377	
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