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Comparative Effects of Transcutaneous Electrical Nerve Stimulation and Massage on Delayed Onset Muscle Soreness in Amateur Athletes in the University of Port Harcourt.


Abstract
This article investigated the comparative effects of transcutaneous electrical nerve stimulation (TENS) and massage on delayed onset muscular soreness at the University of Port Harcourt. This study adopted a descriptive cross-sectional design to examine the comparative effects of TENS and massage on delayed onset muscular soreness amongst 40 amateur athletes (twenty males and twenty females) within the ages of 20 to 22, whose heights were within 1.58 to 1.62 meters and weight of 60 to 65 kilograms. They were classified into 3 groups whose biceps muscle were subjected to eccentric exercises to exhaustion. Treatment modalities were administered and their effects monitored 2 hours, 24 hours, 48 hours, 72 hours, 96 hours post- exercise respectively. Numerical Pain Rating Scale was used to assess variations in soreness.  Data were collected through documented evidence as well as questionnaires and were subjected to mean, standard deviation, ANOVA, and linear regression analysis. The results indicate that massage is more effective than TENS in the treatment of DOMS from the comparative analysis. It was concluded that massage is better than TENS for the management and treatment of delayed onset muscle soreness (DOMS), because, it allows blood flow which helps to rejuvenate the damaged fibres. It was recommended that massage should be used to reduce active range of motion as a way to manage DOMS. Again, that massage also reduces inflammation resulting from muscle soreness caused by DOM; and transcutaneous electrical nerve stimulation (TENS) is recommended to reduce the pain and inflammatory response associated with DOMS.
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Introduction
[bookmark: _Hlk181039165]Athletes at all skill levels, including novices and those doing intense exercises for the first time, have been shown to experience delayed onset muscle soreness (DOMS), which is characterised by muscle soreness brought on by unusual and innovative eccentric activities. Muscle fever, also known as delayed onset muscle soreness (DOMS), is the uncomfortable, painful, and sore sensation that appears in the muscles after hard exercise that is unexpected or novel. DOMS is thought to be caused by temporary muscle soreness (Basham et al., 2019). Muscles may feel tight or stiff 8 to 24 hours after the workout, and they may remain so for as long as ninety-six hours (Guo et al., 2017; Ghozul, 2024). It spread throughout the muscle after first being felt at the muscle/tendon junction (Davis, Alabed, & Chico, 2020). In the same vein, Davis, Alabed, & Chico (2020) state that discomfort, stiffness, oedema, and a decrease in muscular strength and flexibility are signs of delayed onset muscle soreness. It is thought that the oblique orientation of muscle fibres immediately preceding the myotendinous junction reduces their ability to tolerate high tensile stress, even though the precise cause of DOMS is yet unknown (Dupuy et al., 2018).
There is initially a pain-free phase, indicating that the inflammatory cascade that ensues and has the potential to inflict secondary damage is also responsible for the myofibril disruption (Ghozul, 2024). To get rid of injured cell debris, pro-inflammatory neutrophils and macrophages employ phagocytosis. Furthermore, the overproduction of reactive oxygen species (ROS) by inflammatory cells causes collateral damage to healthy cells (Hong, Boiti and Vollen, 2004). How they function, how to treat them, and how they impact athletes' performance are all still unknown despite the fact that DOMS is widespread. The onset of athletic seasons marks the pinnacle of prevalence, when athletes are starting up again after taking a break from exercise (Kerautret, Di-Rienzo, & Guillot, 2020).
Implementing recovery techniques following DOMS-causing exercises may be essential for treating and preventing DOMS as well as for regaining muscle strength and performance. DOMS is categorised as a type 1 muscular strain injury and has a pain-free period of 12 to 24 hours. 
The worst of the soreness lasts for 24 to 72 hours. Physical exhaustion causes moderate harm to our muscle cells. This is a natural procedure and is not as harmful as it might seem. 
The muscle fibres are then repaired by our bodies, gradually getting better each time, which is how we gradually get stronger and fit through exercising. Because eccentric contractions cause greater harm to the muscle's connective tissue and structural elements than concentric exercise, DOMS is more severe with eccentric exercise than with concentric exercise. Serum enzyme levels, electron microscopy, and longitudinal histologic studies all adequately illustrate this structural disruption (Mancinelli, Davis, Aboulhosn, & Brady, 2018). Because eccentric contractions use fewer motor units, the force produced is dispersed over a muscle with a smaller cross-section. Tissue damage results from increased strain per unit area. However, studies are being conducted to demonstrate a direct causal link between the onset of DOMS and injury to the muscles and connective tissue (Davis, Alabed, & Chico, 2020).
There are several reasons why muscles may become sore when exercising. Myofibrillar abnormalities are not the only underlying cause of DOMS, as evidenced by the absence of early discomfort. The secondary injury theory states that the inflammatory cascade that follows the first trauma (muscle damage or injury) may be the cause of the secondary injury (Nadipelly, 2017). Phagocytosing cell debris requires neutrophils and pro-inflammatory macrophages. However, the proteins, lipids, and nucleic acids that comprise those cells become denaturised due to the excessive reactive oxygen species (ROS) produced by this early damage (Ghozul, 2024).
Athletes, fitness fanatics, and people who resume physical activity after a period of rest frequently develop DOMS. People of all ages and fitness levels are affected, and the severity of symptoms varies according to the type, intensity, and length of the workout. DOMS can have a substantial impact even though it is not a symptom of serious injury. Performance and recuperation are crucial factors in workout planning and rehabilitation. After exercise, having DOMS is typically a good indicator. Since the muscle is responding and becoming stronger than it was prior to the activity, it indicates that the exercise engagement was successful (Pearcey et al., 2015).
Many physiotherapy clients may experience pain while beginning a new exercise regimen or when adding additional activities to their existing regimen. After beginning physiotherapy or an exercise programme, the client may feel DOMS due to the intensity of these exercises. Even though the first episode of DOMS may be so severe that patients frequently refuse to continue the exercises, DOMS typically gets less severe with successive exercise sessions (Afonso et al., 2021).
When starting a new fitness programme, the therapist must let the patient know that DOMS is normal and teach them to distinguish between muscle soreness and other kinds of discomfort. It is also important to keep in mind that the severity of the soreness is unrelated to the extent of muscle damage caused by exercise (Basham et al., 2019).
Delayed Onset Delayed onset muscle soreness (DOMS)
Delay in onset muscle soreness (DOMS) is a well-known condition that usually appears 12 to 24 hours after intense or novel physical activity and peaks 24 to 72 hours later. Oedema, stiffness, muscle discomfort, and a transient loss of strength and mobility are some of the symptoms of DOMS. Microtrauma to the surrounding connective tissues and muscle fibres is believed to be the primary mechanism causing the DOMS phenomena, particularly when muscles extend under tension during eccentric contractions (Afonso et al., 2021). An inflammatory reaction brought on by this microtrauma causes pain to be produced. Actually, the mediators or nociceptors activation is the main cause of the pain feeling (Basham et al., 2019).  People of all ages and fitness levels, both trained and untrained, are impacted by DOMS. This widespread phenomenon emphasises how crucial it is to comprehend and treat DOMS in order to reduce its negative effects on physical performance and exercise compliance. Although DOMS is not a sign of serious muscle injury, it can hinder everyday activities and sports performance, making efficient management techniques crucial for people who exercise on a regular basis (Cornu et al., 2020). Activities that put a lot of strain on muscles are the main cause of DOMS, especially muscle lengthening under tension, also known as eccentric contraction. Downhill running, lowering of weights, squats and lunges are some of them.
Massage
Massage therapy uses a range of techniques, such as kneading, stroking, and applying pressure, to change the soft tissues of the body, such as muscles, tendons, and ligaments. Due to its many health advantages, it has been used for thousands of years in various civilisations (Ghozul, 2024). There are several uses for massage therapy, such as: 
Pain Relief: It can help relieve chronic pain disorders such as headaches, neck pain, and muscle pain (Guo, 2017).
Muscle Relaxation: After vigorous exercise or for people who are stressed, massage can assist ease stiff muscles and encourage relaxation (Hemmings, 2001; Smith et al., 1994). 
Improved Circulation: Soft tissue manipulation increases blood flow, which can help muscles receive oxygen and nutrients and eliminate waste products from metabolism (Ghozul, 2024).
Rehabilitation: Guo (2017) states that rehabilitation settings frequently use it to increase flexibility, decrease scar tissue, and speed up injury healing.
Mental Health: Massage therapy has been shown to enhance mental health by reducing sadness, anxiety, and stress (La Shier, S.V. (2015). Massage is a popular and adaptable therapy modality because its various forms, such as Swedish, deep tissue, sports, and trigger point massage, are all intended to accomplish particular therapeutic goals (Pearcey et al., 2015). If you're in pain or anxious, using over-the-counter medications to get through the day could feel like your only choice. But according to trained massage therapist Victoria Bodner, LMT, "a good massage will make a tremendous difference, so you don't have to put up with it and smile."  The muscles and other soft tissues of the body are altered during a massage therapy using a variety of pressures, motions, and techniques. Among other things, it is a great tool for muscle relaxation and reducing pain and tension. The goal of massage treatment is to help you relax your nervous system. In addition to improving wellbeing, therapy can aid in symptom relief, injury healing, and the release of stress and tension. A 30-minute massage to the elbow joint's flexors and extensors reduced DOMS two hours after eccentric activity (Tan, et al 2021). Additionally, massage was found to be useful in lowering DOMS in the study of Zeng et al (2022). Additionally, massage is a popular physiotherapy treatment for DOMS that aids athlete in preparing for their next competition (Poppendieck et al., 2016).
Transcutaneous Electrical Nerve Stimulation (TENS)
By activating α-2 noradrenergic receptors, transcutaneous electrical nerve stimulation (TENS), which is a pain relief method that doesn't require surgery, helps release opioids right where it's applied (Seda et al., 2025). Melzack and Wall proposed and illustrated in 1965 how stimulating the non-nociceptive Aβ (big diameter) afferent fibres inhibits nociceptive C and tiny efferent fibres that transmit pain. TENS produces an analgesic effect by stimulating the cutaneous afferent fibres at the application site and differentially blocking the primary afferent fibres, which results in an anaesthetic effect. Research carried out by Ozgur et al. (2025) has shown that techniques that enhance blood flow, fluid filtration, or reabsorption can be useful in accelerating the recovery from DOMS and lowering blood lactate levels. By electrically stimulating the skeletal muscle pump, the neuromuscular method can increase local blood flow. The release of serotonin and endogenous opioids during burst TENS mode can assist in reducing muscular soreness. People have used TENS to lessen the effects of delayed onset muscle soreness and enhance joint range of motion.
Methodology
The study used a cross-sectional descriptive study design to achieve data for the study. Participants in the therapy groups include those receiving massage, TENS, and TENS/massage. Three of the 45 amateur athletes who volunteered left, and two couldn't meet the study's requirements. The participants included twenty men and twenty women, aged 20 and 22, who were 1.58 to 1.62 metres tall and weighed 60 to 65 kilogrammes. To rule out pregnancy, skin conditions, and cardiovascular issues, volunteers underwent health examinations. Those that have engaged in resistance training within the period were not included. The participants refrained from taking analgesics during and after the exercises. Prior to participating in the study, each volunteer gave their informed consent. Institute of Sports, University of Port Harcourt is the Study area. Systematic sampling techniques was used, and the sample size was determined by employing Taro Yamane formula
Selection Criteria
The inclusive criteria were amateur athletes from the University of Port Harcourt Sport Institute who were between the ages of 20 and 22, and who weighed between 60 and 65 kg and have heights of 1.58 to 1.62 metres meet the study's inclusion requirements. The exclusive criteria include pregnancy, cardiovascular diseases, and skin conditions.
Method of Data Collection
In order to gather information on the impact of TENS and massage on the management of DOMS,  data were gathered at various points during the experiment, including: Pre-exercise, post-exercise, 24hours post-exercise, 48hours post-exercise, 72hours post-exercise and 96hours post-exercise.
Procedure
To induce DOMS, eccentric exercise of both upper limbs biceps were carried out using a barbell to exhaustion. Pain scores were taken using the Numerical Pain Rating Scale at pre and 2 hours post-exercise, 24 hours, 48 hours, 72 hours, 96 hours post- exercises respectively. Treatments were applied to various groups on only one upper limb biceps while the untreated upper limb bicep served as control.

Research Instruments
Standard tools were used to gather data. These tools included a TENS/EMS device (EV-806P) with serial number 19200482, which was used to treat soreness. A 25kg barbell was used to create soreness in both bicep muscles. A goniometer was used to measure the angles of the joints.  A tape rule was used to measure the mid-arm circumference.  Weighing scale was used to determine the amateur athletes' body weight. Live oil was used for the massage. Fingertip Pulse Oximeter This was used to monitor and measure amateur athletes’ pulse rate in real time. Stadiometer for measuring height. Blood pressure meter (sphygmomanometer) was used to measure the amateur athletes’ blood pressure.
Methods of Data Analysis
The data were subjected to Statistical Package for Social Science (SPSS version 26) and result were analysed through mean, SD, ANOVA and Linear Regression Analysis. A probability less than 0.05 was considered statistically significant (p<0.05).
Results and Discussion 
In this study, 45 amateur athletes volunteered, but three of them absconded, and two of them were unable to meet the study's requirements. Twenty men and twenty women, aged 20 to 22 were used. Table 1 showed the socio-demographic data.
Table 1: Participants’ Socio-demographic Characteristics
	Characteristics
	Frequency
(n=40)
	Percent
	Valid Percent 
	Cumulative Percent

	Sex
	
	
	
	

	Male
	20
	50
	50
	50

	Female 
	20
	50
	50
	100

	Age
	
	
	
	

	20
	13
	32.5
	32.5
	32.5

	21
	13
	32.5
	32.5
	65

	22
	14
	35
	35
	100

	Marital Status
	
	
	
	

	Married
	8
	20
	20
	20

	Single
	32
	80
	80
	100



Table 2: The significant difference between TENS and Massage in the management of DOMS
	Comparative variables
	pre_exer
	post_exer
	E_24Hrs
	E_48Hrs
	E_72Hrs
	E_96Hrs

	[bookmark: _Hlk181033871]Massages
	Mean +  Std
	0.00 +.00
	1.21+2.42
	5.72 + 1.01
	4.14 + 1.66
	1.43 +1.28
	.50 +.43

	TENS
	Mean + Std
	0.00 +.00
	0.00+.00
	5.36+ 1.55
	3.79+ 1.72
	1.36+1.34
	.21+.43

	Difference 
	0.00 +.00
	1.21+2.42
	0.36+ 0.54
	2.48+ 0.06
	0.07+ 0.06
	.30+ 00






Table 3: The significant difference between TENS and Massage in the management of DOMS
	Model
	R
	R Square
	Adjusted R Square
	Std. Error of the Estimate
	Change Statistics
	Durbin-Watson


	
	
	
	
	
	R Square Change
	F Change
	df1
	df2
	Sig. F Change
	

	Massage 
	.868a
	.754
	.692
	1.26035
	.111
	.283
	1
	4
	.620
	1.461

	TENS
	.329a
	.108
	.115
	.91574
	.108
	.485
	1
	4
	.525
	3.010

	Difference
	.539a
	.646
	.577
	.34461
	.003
	-0.202
	0
	0
	.095
	-1.549



Table 1 showed the socio-demographic variables capturing the sex, age and marital status of the amateur athletes of the University of Port Harcourt. The male and female amateur athletes were 20 each, representing 50% each. Then, the age respondents were 20 years (13), representing 32.5%, 21 years (13), representing 32.5%, and 22 years (14) representing 35%. Eight (8) amateur athletes married while 32 were single. 
Table 2 indicated the periods of exercises ranging from pre, post, 24 hours, 48 hours, 72 hours and 96 respectively. The Mean + Std difference were 00 +.00; 1.21+2.42; 0.36+ 0.54; 2.48+ 0.06; 0.07+ 0.06 and .30+ 00.
Table 3 revealed the regression analysis difference between massage and TENS at r .539 and r2 .577 which showed that massage is more effective than TENS in the management of DOMS based on the decision rule. Again, the result is positive and significance at 0.095 which is greater than the significance level of 0.05.
In order to treat delayed onset muscular soreness (DOMS), the study examines massage and transcutaneous electrical nerve stimulation. Muscles that are sore, aching, and suffering following vigorous and eccentric activities are sometimes referred to as "delayed onset muscle soreness" (DOMS). Muscle soreness often appears 8 to 24 hours after an activity session, though it can last up to 96 hours. The findings of this study gave birth to the awesome understanding of comparative effect of Massage and TENS in the management of DOMS. The result showed that Massage is more effective than TENS when it comes to the issues of DOMS treatment and management. Hilbert et al., (2013) did a study on the impact of massage on delayed onset muscular soreness. Their study concluded that massage affected delayed onset muscle soreness (DOMS) on a physiological and psychological level. Also, Shawn et al. (2017) understudy the effect of acute massage on delayed-onset muscle soreness. Their findings showed that Massage have significant effect on delayed-onset muscle soreness. 

Conclusion
Massage is far more effective in the management and treatment of DOMS than TENS. TENS, an electrical stimulation method, tries to lessen pain experiences by stimulating sensory nerves, which in turn triggers the opioid system or the pain gate mechanism. In conclusion, massage was effective in reducing DOMS and oedema by roughly 30% while having little effect on muscle performance. Again, by lessening muscle soreness, massage relieves DOMS. Muscle soreness is one of the indications of DOMS. Tiny tears in the muscle fibres can cause soreness and inflammation. Massage can help repair damaged fibres because it improves blood circulation.
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