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Abstract: Many coaches, athletes, and sports medicine professionals hold the perception, based on observations and 

encounters, that massage can provide several benefits to the body. These include improved blood flow, reduced muscle pressure 

and neurological excitability, and increased sense of well being. Massage can produce mechanical pressure, which is expected to 

increase muscle mass, compliance, resulting in increased collection of joint motion, decreased unaggressive stiffness, and 

decreased energetic stiffness, known as biomechanical mechanisms. Mechanised pressure might help to enhance blood 

circulation by increasing the arteriolar pressure, and accumulating muscle tissue temperature from rubbing. Regarding the 

massage technique, mechanical pressure on the muscle is likely to increase or decrease nerve organs excitability as measured by 

H-reflex, which is known as neurological mechanisms. This is seen in parasympathetic activity (as assessed by heart rate, blood 

pressure, and heart rate variability) and junk levels (as simply measured by cortisol levels following therapeutic massage, causing 

a relaxation response), known as physiological mechanisms. A reduction in anxiety and an improvement in mood condition also 

cause relaxation, which is referred to as psychological mechanisms after the massage. Post-exercise, therapeutic massage has 

been recognized to lessen the severity of muscle soreness, but massage does not have any effects on muscle practical loss. 

Nevertheless, regarding the belief that massage therapy has benefits for sports athletes, there are no clear effects of different types 

of massage (Petrissage, Effleurage, Friction) or the appropriate timing of massage (pre-exercise and post-exercise) on 

performance, recovery from injury, or as a personal injury prevention method. Explanations are lacking because the mechanisms 

of each massage technique have not been broadly investigated. Therefore, this article investigates the possible mechanisms of 

massage and provides a discourse on the limited evidence of therapeutic massage on performance, recovery, and muscle injury 

prevention. The main purpose of this article is to examine mechanisms of massage and its benefits in performance, muscle 

recovery, and injury prevention. This study may help coaches, sport and health professionals, and researchers to understand 

massage mechanisms and benefits for performance, muscle recovery, and injury prevention.  

Keywords: Massage benefits, Massage mechanism, Blood Flow, Massage Technique 

 

1. Introduction 

Therapeutic massage is believed to increase muscle mass 

blood flow and muscle tissue temperature [1], thereby 

enhancing performance [2]. It is also reduces cells adhesion 

and increase muscles flexibility [3, 4] which could help to 

decrease injury risk factors [5]. 

Therapeutic massage has been used for rehabilitation and 

relaxation for thousands of years around the world. Latest 

research from the United Kingdom demonstrated that in the 

past years, therapeutic massage treatment was administered 

for about 45% of the total amount of time in physiotherapy 

treatment. Therapeutic massage is used in general approaches, 

including preparation for competition, during competitions, 

and in assisting restoration from competition, rather than 

treatment for specific problems [6]. 

Therapeutic massage involves the application of 

mechanical pressure on the muscle tissue in order to reduce 
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tissue adhesion. Increased muscle-tendon compliance is 

believed to be attainable by mobilising and elongating reduced 

or adhered connective cells. This leads to less stiff 

muscle-tendon unit [11]. Biomechanically, three main 

measures are accustomed to assessing muscle-tendon unit 

conformity; dynamic passive stiffness, powerful active 

stiffness, and stationary joint end range of motion [5]. 

A single study conducted by Stanley [12] examined the 

effects of therapeutic massage on passive stiffness. According 

to this study, a 10-minute Effleurage had simply no significant 

effects on unaggressive Gastrocnemius stiffness properties as 

compared to a 10-minute rest. The pressure of Effleurage 

might possibly not have been enough to produce the 

mechanical effects of massage. Also, if Effleurage could 

create a reflexive response, the enhancements made on muscle 

properties might be present in the contractile elements (active 

muscle mass stiffness) rather than passive aspects of muscle. 

Further research is required to investigate the effects of other 

massage therapy techniques such as Petrissage and Friction, 

which provide even more mechanical pressure on muscle 

tissue and passive properties of muscles. 

According to the identified online literature, there is no 

research on the effects of therapeutic massage on active 

stiffness. The amount of active muscle stiffness depends upon 

passive joint properties, the intrinsic muscle and joint 

properties, and the effects of stretch out reflex [13]. Massage 

might be able to change active muscle stiffness simply by 

changing the level of neurological service. However, the 

optimal level of muscle mass, stiffness that benefit the dual 

performance and injury avoidance is still unknown. 

Stationary flexibility is defined as the range of motion 

available in a joint or series of joints [5], and it is usually 

measured with a goniometer [14]. The majority of research 

that has evaluated the effects of therapeutic massage on 

muscle and combinatorial tissue have been based on mobility 

measurement [15, 4, 16]. For example, Leivadi [15] 

investigated the consequence of neck and back massage 

therapy on neck extension and shoulder abduction after 

therapeutic massage was applied to the ulterior region of the 

neck. The product range of neck extension movement was 

limited by anterior muscle tissue and ligaments, bony contact 

between spinous procedures [14]. Therefore, throat extension 

was not a good end result measure for the effectiveness of 

massage in this study. In other research, Nordschow and 

Bierman [4] found that finger to floor ranges increased 

significantly after massage from the back and lower 

extremities. Nevertheless, this study did not provide an 

appropriate control group, and sufficient evidence on whether 

the subject had therapeutic massage or control is lacking. The 

masseuse measured the distance between the fingertips and 

the floor, which may have caused bias during dimension. 

When the effects of massage upon a lower extremity range of 

motion had been compared with the other pre-exercise 

activities such as warm-up and stretching [16], massage 

increased just the ankle dorsiflexion range of motion. 

Meanwhile, stretching significantly increased almost all lower 

extremity range of motion measurements. Thus, the 

effectiveness of massage about range of motion is still 

questioned, particularly when compared with more 

economical techniques just like stretching. The following are 

recognized physiological mechanisms employed in massage 

that are beneficial to the body. 

1.1. Increased Skin and Muscle Temperature 

Shallow skin friction increases regional heating, and 

consequently, causes hyperaemia within the massaged area. In 

this regard, regional heating increases local blood flow [17]. 

There is established proof that skin and muscle mass, 

temperature increases after therapeutic massage application, 

known as Effleurage technique. Longworth [18] reported an 

increase in pores and skin temperature during a six-minute 

back again massage, but skin heat returned to baseline level 

after ten minutes. Later, Drust, Atkinson, Gregson, French and 

Binningsley [1] reported an increase in skin and intramuscular 

temperature (2. 5 cm) of the Vastus lateralis muscle 

irrespective of the massage period (5-10 and 12-15 minutes of 

Effleurage). Although it was revealed that massage boosts 

skin [18] and intramuscular temperature [1], such effects upon 

skin and intramuscular temp might not be relevant to muscle 

blood circulation.  

It is still questionable if increased skin and intramuscular 

temperature [1] without increasing muscle tissue blood flow 

[19, 20] and muscles compliance [12] would be beneficial to 

improve performance or prevent accidental injuries. The other 

limitations which are obvious from Effleurage technique 

supervision were that skin temperatures quickly returned to 

primary level [18], and lean muscle temperature did not 

increase deeper than 2.5 cm in profound muscle temperature 

[1]. This may lead to the implication that massage therapy 

(Effleurage technique) may not be appropriate as a preparation 

and/or precautionary strategy for exercising. 

1.2. Increased Blood Flow 

A number of authors have agreed that massage could 

increase blood circulation. Study results have already been 

inconclusive largely due to the nature of their limitations. 

Besides smaller test size, many of these studies had no 

reported statistical analysis, neither did they use a control 

group [10, 21, 22, 23, 24]. 

The venous occlusion pethysmography exhibited 

underestimation of blood flow because of the inflation of the 

cuff, and was very sensitive to movement artifacts [19, 20]. 

The changes of blood flow could not be indicated 

quantitatively [23]. Moreover, the venous occlusion 

pethysmography technique could hardly be used to measure 

blood circulation during actual massage [19, 25, 20]. Pulsed 

Doppler ultrasound has been utilized to investigate muscle 

blood flow, and has indicated that hands-on massage did not 

affect the flow of blood in the muscle after remedying the 

muscle [19, 25]. However, the ultrasound utilized in these 

studies detected modifications in large artery and line of 

thinking, but did not detect microcirculation in muscle that 

could be impacted by massage. In summary, there is an 



 Rehabilitation Sciences 2017; 2(3): 58-67 60 

 

insufficient evidence confirming that therapeutic massage 

does anything significant (with a few exceptions) for blood 

flow physiological response. The exclusive studies to explore 

blood flow with limited technique problems [19, 20] have 

demonstrated no change in total muscle mass blood flow. 

1.3. Parasympathetic Activity 

Therapeutic massage has shown some evidence of raising 

parasympathetic activity by minimizing heart rate, reducing 

blood pressure [18, 26, 27, 28, 29], elevating relaxation 

substances such as hormones [30], and increasing heart rate 

variability [31]. Most studies in this area have been conducted 

in nursing using a specific series of massage called “back 

massage”, and has been performed in older people [26, 27, 28]. 

One study looked into people with chronic pain [30], whilst 

other studies used combinatorial tissue massage and 

myofascial trigger point massage [31]. Consequently, only 

two studies, which usually met the criteria (participants had 

been healthy persons and Swedish massage utilized as the 

intervention) had been reviewed.  

The effects of back therapeutic massage on several 

psychophysiological directories of arousal such as heart rate, 

blood pressure, galvanic skin response, Electromyography, skin 

temperature, and psycho-emotional response using the 

State-Trait Anxiety Inventory were examined in thirty-two 

female staff and college students in a nursing school [32, 18]. 

The participants had been massaged on the back intended for 

six minutes using a sluggish stroke technique (Effleurage). 

Heart rate, blood pressure, and skin heat increased after the 

massage, suggesting an increase in autonomic arousal level. 

Also the galvanic skin response increased, indicating a lower 

degree of sympathetic stimulation. The disparity in responses of 

the psychophysiological parameters might be due to people 

having a unique responsive design. The participants in the 

research were healthy females and were not in a stressful 

scenario. Therefore, it may have been difficult to display an 

excellent relaxation response. In some studies [33], there have 

been no significance within stress, pulse, and temp after having 

a 30-minute Swedish back and massage therapy in nine skilled 

female students, one day prior to a main academic examination. 

Only respiratory system rate decreased considerably. These 

results may assist the unique response routine, whereas massage 

can only generate some practices, implying parasympathetic 

responses in healthful female participants. 

1.4. Pain and Muscle Spasm 

Therapeutic massage has been applied in order to reduce 

pain [15, 34, 36, 37, 38]. The feasible, responsible 

mechanisms are nervous, physiological (biochemical 

substances), and mechanical (realignment of muscle mass 

fibres). Massage may decrease pain by activating the 

neural-gating mechanism in the spinal-cord. Tactile 

information from therapeutic massage might Stimulate large, 

fast nerve fibres and then, prevent the smaller, slower nerve 

fibres that detect pain. This kind of effect, presumably results 

from regional lateral inhibition in the spine [35] and explains 

why coming in contact with the painful area is an efficient 

strategy for relieving pain. Nevertheless, there are no 

objective reports to support this idea. Massage therapy can 

increase biochemical chemicals such as serotonin [15], which 

is a brain chemical that plays a role in reducing discomfort 

[35]. Physiotherapists usually use massage therapy to break 

the vicious routine that causes muscle spasm and muscle pain. 

Muscle spasm causes muscle pain straight by stimulating 

mechanosensitive soreness receptors or simply by 

compressing the blood vessels leading to ischaemia [35]. 

Massage might help to rearrange muscle fibres and increase 

microcirculation. 

The long run effects of a 30-minute therapeutic massage, 

twice a week for four consecutive weeks were analyzed in 30 

college dance students [15]. A progressive relaxation remedy 

group was used for assessment. Both groups reported reduced 

state of anxiety levels and depressed mood subscale [39]. 

Nevertheless, the particular massage group revealed a 

significantly lower saliva cortisol after the massage session. 

The research did not state the time of blood collection, 

therefore the cortisol level should be interpreted cautiously 

because of the effects of circadian tempo [35]. The 

progressive relaxation remedy was not an appropriate control 

group, as it was an active relaxation approach which the 

participants had to perform by themselves, while massage 

therapy was obviously a passive relaxation technique used by 

the massage therapist. The rest group completed their 

exercises at home by following a documented tape, which 

raises the void of compliance to the intervention. Accordingly, 

further studies associated with massage on anxiety have to 

provide more appropriate control organizations. 

1.5. Relaxation 

The importance of massage on relaxation has already been 

investigated using valid forms. However, indicating the 

amount of relaxation is questionable because the 

questionnaire is composed of six scales; tension, depression, 

angriness, vigour, fatigue, and misunderstandings [39]. Only 

the tension, vigour, and fatigue subscales are appropriately 

intended for relaxation measurement, and it is additionally 

considered too long to complete [40] as there are 65 items in 

the original version and 72 in the bipolar edition. Interestingly, 

there are no forms available to allow a direct analysis of 

relaxation level. Weinberg [41] reported a preliminary study 

associated with massage on mood improvement in 183 

physical education students. Massage intervention was 

compared with several physical activities including swimming, 

jogging, tennis, and racquetball. The students completed a 

battery of psychological forms before and after each 

intervention such as the State Anxiety Products by hand, and 

the high and the general activation subscales coming from 

Thayer’s [42] adjective checklist [32, 42]. Surprisingly, only 

the massage and operating groups reported a significant mood 

enhancement with significant decreases in tension, fatigue, 

anxiety, anger, and depression. Only the massage group 

showed a significant decrease in the Thayer’s [42] high 

activation subscale and the scores of State Anxiety Products. 
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A similar study conducted by Hemmings [43] compared the 

psychological effects associated with massage, lying resting, 

or perhaps touching control during boxing training. 

Therapeutic massage application during training increased the 

tension and fatigue subscales, which are relevant to 

measurement of rest. Both studies by Weinberg [41] and 

Hemmings [43] showed significant positive psychological 

effects owing to massage, despite the mood of the participants. 

1.6. Recovery from Fatigue 

Great perceived psychological benefits of therapeutic 

massage using the Perceived Recovery scale have been shown 

throughout the recovery phase of boxing performances and 

after training programs. Despite simply lack of changes in 

physiological fatigue signals such as blood lactate and heart 

rate, nine boxers reported that massage positively influenced 

the perception of restoration following boxing performances, 

and seemed to be a useful recovery technique. The Perceived 

Recovery level is a useful inquiry because it is short and 

straightforward to understand. However, the Recognized 

Recovery scale has not been traditionally used in studies. To 

date, there is absolutely no published article reporting the 

correlation between Perceived Restoration scale and 

physiological guns of fatigue [43, 45]. 

2. Methodology 

Literature was located using three computer databases 

(PubMed, google scholar, and ScienceDirect) in addition to 

manual journal searches. The computer databases provided 

access to biomedical and sport-oriented journals, serial 

publications, books, theses, conference papers, and related 

published materials since 1964. The key search phases used 

included sport massage, massage performance, sport injury, 

delayed onset muscle soreness, injury prevention, range of 

motion, and muscle stiffness. This study did not include any 

articles not published in English, scientific journals; articles 

that focused on a specific type of massage or articles that 

focused on the effects of massage in special populations. The 

use of normal, healthy participants, age, gender, and fitness in 

the articles were the inclusion criteria.  

In selecting the articles, differences and the massage 

techniques such as effleurage and petrissage were not 

excluding factors. The article must have used Swedish-type 

massage as an intervention, and should have discussed the 

possible mechanisms of massage in relation to biomechanical 

and/or neuromuscular properties of muscle, sport performance, 

rate of injury, and muscle soreness.  

3. Result and Discussion 

Therapeutic massage involves several techniques including 

effleurage, petrissage, and rubbing. Each technique is used for 

diverse purposes and provides different results. Stanley [12] 

used an Effleurage way of ten minutes on the cripple muscles, 

and did not discover any change in passive tightness. 

Generally, massage therapists use Effleurage techniques to 

stimulate the parasympathetic nervous system and the 

relaxation response. Consequently, the massage technique 

used in the aforementioned study might not have been suitable 

to produce changes in passive rigidity. Petrissage and friction 

will be the techniques to mobilise profound muscle tissue, skin, 

subcutaneous tissue, and boost local circulation. 

Therapeutic massage is believed to benefit sports athletes by 

enhancing performance and recovery, as well as promoting rest 

through biomechanical, physiological nerve, and psychological 

mechanisms. Regardless of the general belief of the advantages 

of massage, there are limited scientific data on possible methods 

of massage. Mechanical pressure from massage is thought to 

increase muscle compliance. A number of studies reported an 

increase in stationary flexibility as measured by joint range of 

motion, but these studies were methodologically flawed. New 

research reported poor effects of therapeutic massage (Effleurage 

technique) on powerful flexibility as measured by passive 

stiffness. Studies upon physiological mechanisms such as the 

adjustments of blood circulation, hormonal amounts, and 

psychophysiological parameters including blood pressure and 

heart rate, continue to be inconclusive. The explanations may be 

due to the unique response design of individuals and the variety 

of massage interventions (electronic, massage technique, 

duration of massage therapy, and pressure of massage) used in 

each study. The consequences of massage on neurological 

components have been reported to reduce the amplitude of the 

Hoffman response. Nevertheless, the results were limited to the 

Petrissage technique. Many studies reported that massage may 

promote relaxation by enhancing psychophysiological response. 

There are several western massage techniques, which are mostly 

employed in different circumstances for their benefits to the body. 

Some of these techniques are summarized in Table 1 as follows.  

Table 1. Summary of typical western massage techniques. 

Techniques Definition Suggested clinical advantage 

Effleurage 
Gliding or sliding movement over the skin with a smooth, continuous 

motion [7]. 

Stimulate the parasympathetic nervous system and evoke the 

relaxation response. Enhance venous return.  

Petrissage 
Lifting, wringing, or squeezing of soft tissues in a kneading motion, or 

pressing or rolling of the tissues under or between the hands [7]. 

Mobilize deep muscle tissue or the skin and subcutaneous tissue. 

Increase local circulation. Assist venous return. 

Friction 
An accurately delivered penetrating pressure applied through the 

fingertips [8]. 
Treat muscle spasm or breaks up adhesions from old injuries. 

Tapotement Various parts of the hand striking the tissues at a fairly rapid rate [9]. 
Stimulate the tissues, either by direct mechanical force or by 

reflex action. 
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Therefore, additional studies are needed to investigate the 

biomechanical, physiological, nerve, and psychological 

mechanisms for every massage technique. The outcomes will 

help to provide appropriate massage applications for specific 

purposes of sports activities. Well handled studies that have 

examined the opportunity of massage to influence overall 

performance, recovery or injury-risks are relatively few. 

Limited research has investigated the effects of pre-exercise, 

massage on performance. The results are inconclusive due to 

the improper massage techniques and end result measures 

used. There is limited or no study that has looked at the effects 

of pre-exercise massage on injury prevention. Therapeutic 

massage is widely administered among events because it is 

believed that massage might help to enhance restoration and 

prepare athletes for upcoming events. Unfortunately, any 

scientific data to back this claim is hardly found. A large 

amount of research on massage has reported the psychological 

benefits of therapeutic massage between events. Several 

studies have reported that post-eccentric exercise and massage 

could help to lessen muscle soreness sensation, and could not 

affect the muscle practical loss. 

Therapeutic massage is believed to benefit sports athletes 

through its biomechanical, physical, neurological, and 

psychological systems. Research has reported the effects of 

therapeutic massage on physiological (investigated simply by 

blood flow and blood-borne substances), neurological 

(investigated by H-reflex), and psychological (investigated by 

questionnaire and psychophysiological guidelines such as 

heart rate, blood pressure) mechanisms. There are limited data 

on the possible mechanisms of massage, especially 

mechanical components of pressure and movement of 

massage on muscle mass properties such as passive or perhaps 

active muscle stiffness. There are many limitations of previous 

studies on the effects of massage upon performance and injury 

avoidance, which have led to inconclusive outcomes. 

Therefore, further research is clearly required to establish the 

possible advantages of massage.  

The unclear description associated with massage on muscle 

blood circulation led to uncertain benefits intended for 

performance and recovery coming from fatigue. Only 

Petrissage continues to be studied and shown to decrease the 

Hr-eflex. Other massage methods have not been examined 

when it comes to their neurological effects. Consequently, 

there is no evidence to support the claim that some massage 

approaches (e.g. Tapotement, vibration) can increase 

neuromuscular excitability. The lack of studies on the 

mechanised effects of massage on muscle tissue properties 

such as active and passive stiffness, justifies unclear 

information on the biomechanical systems of massage. The 

knowledge of the exercise-induced muscle soreness 

mechanism and the components of massage will help to pick 

the appropriate massage technique, lifelong massage 

application, and time for application of massage. Therefore, 

even more research on the effects of therapeutic massage is 

needed to clarify whether massage therapy is beneficial for 

enhancing overall performance, recovery from damage, or 

reducing the risk of muscle injury. The effects of different 

types of massage therapy (e.g. Petrissage, Effleurage) or the 

appropriate timing of massage (pre-exercise versus post 

exercise) on performance, injury recovery, or as a personal 

injury prevention method also needs to be examined. 

3.1. Evidences for Massage on Performance, Recovery and 

Preventing Muscular Injury 

Massage has been used for prevention, recovery, and 

enhancing performances particularly in sports. The following 

are evidences for massage on performance, recovery, or 

muscular injury. 

3.1.1. The Effects of Massage on Performance 

Sport massage is used in both pre and post-events in an 

attempt to boost athletes' performance, overcome exhaustion, 

and help recovery [46]. An increase in muscle blood flow 

might hasten the delivery of oxygen, increase muscle heat, and 

buffer blood pH level, which would then promote the 

performance of exercise [2]. Theoretically, improved muscle 

blood flow ought to help to remove waste products following 

exercise, and would enhance delivery of protein and other 

nutrition needed for muscle repair [25]. Increased lymph 

circulation could reduce post-exercise, swelling and stiffness 

simply by reducing muscle interstitial content material, and 

thereby reduce muscle mass discomfort [47]. Nevertheless, 

there are no data to aid these ideas, and the few studies on 

massage and blood flow have shown no increase in blood flow. 

Online literature search identified just two studies associated 

with pre-exercise massage on overall performance. 

Wiktorsson-Moller [16] found that 6-15 moments of 

Petrissage, with the purpose of promoting relaxation, comfort 

and ease, reduce muscle strength. Nevertheless, the author 

used Isokinetic movement to check muscle strength. Research 

has demonstrated that the tests of muscle function were not 

suitable to monitor performance [56]. There were simply no 

relationships between the percentage of modifications in the 

tests of muscular function (concentric and eccentric 

compression of Isoinertial and Isokinetic tests) and the 

changes in efficiency (sprinting and cycling) following an 

8-week weight-training program [56]. Another study 

associated with 30 minutes of whole-body Swedish 

pre-exercise massage, including effleurage, petrissage and 

tapotement in 14 sprinters, showed that mean stride frequency 

was not significantly different among massage and control 

organizations [57]. However, it should be noted that the 

absolute stride frequency was obtained in the trial right after 

the massage. Stride frequency must be combined with a stride 

length to determine functionality. Therefore, the effects of 

pre-exercise therapeutic massage on performance are not yet 

proven due to the lack of well conducted studies. 

3.1.2. The Effects of Massage on Recovery 

It is believed that one of the optimum advantages of sport 

massage has been always to overcome fatigue and reduce 

restoration time, especially during intervals of competition, 
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and consequently, improve performance at the next 

celebration. Even though many leading sports athletes believe 

that massage is an important part of their success [54, 58], the 

effects of therapeutic massage itself are still questioned. 

Therapeutic massage can improve some physical markers [59], 

but some studies have shown no effect on any kind of recovery 

parameters [43]. 

To examine the effects of massage on restoration, several 

studies provided therapeutic massage between sport sessions. 

Nevertheless, there were some limitations during these studies, 

leading to inconclusive data. For example, Monedero and 

Apporte [60] administered combination remedies (active 

exercise and massage), so the true benefits of specific massage 

treatments are still not clear. Some studies had issues with 

credible data, including little sample size [43, 61] and 

insufficient statistical analysis [59]. An appropriate style such 

as cross-over design, use of a control group (placebo 

treatment), and maximisation of motivation of individuals in 

both control and massage groups are elements which need to 

be considered in massage studies in order to reduce 

psychological effects. 

Curative massage therapy can facilitate soft cells healing 

in a number of ways. Therapeutic massage may help reduce 

both main oedema and the possibility of supplementary 

oedema caused by the pressure of increased fluid in regards 

to trauma [3, 49]. Starkey [49] found that mixture treatments 

including cold, workout, and mechanical massage can reduce 

the total time dropped from practice by around two days 

when compared to the normal snow, compression, and 

elevation treatment. Unfortunately, the published report 

showed nor the results section neither the statistical analysis. 

Practitioners apply massage to the site of the injury because 

they expect a therapeutic massage to improve blood 

circulation to the area of the injury and, consequently, to help 

improve healing. The mechanical pressure of massage is 

generally utilized to treat adherent or caught connective 

tissue in order to bring back fibres to a more regular 

alignment. Nevertheless, there is limited data to support 

these recommended mechanisms. 

3.1.3. The Effects of Massage in Preventing Muscular 

Injury  

Sport massage has been used for centuries in an attempt to 

prevent and cure injuries [3, 46, 8, [47]. Massage is considered 

in enhancing muscle relaxation [4, 16], reducing muscle 

tension and soreness [20, 21, 48], promoting the healing 

process [49], and consequently, improving athletic 

performance [50, 51, 52]. Massage is also thought to provide a 

soothing, sedative, invigorating feeling, and can give the 

athlete confidence by the positive reaction that takes place 

within the body [41, 43, 44, 45]. Massage might be an 

effective way to prevent acute injuries resulting from 

abnormal tissue conditions (muscle tears in tight muscle) and 

chronic injuries caused by wear and tear [53] by rearranging 

the muscle fibres [54]. As a result of these suggested benefits, 

manual massage may be a useful modality to enhance 

performance and prevent injury for athletes who use their 

muscles strenuously. Sport massage may help to optimise 

positive-performance factors, including healthy muscle, 

combinatorial tissues and normal mobility [53]. Massage is 

used to minimize negative-performance factors such as 

dysfunctional muscle mass and connective tissue, limited 

range of motion, pain and anxiety [53]. Therefore, preventive, 

therapeutic massage is commonly recommended to help 

sports athletes prepare both physically and mentally for any 

forthcoming event [7]. In addition, sports activities massage is 

believed to reduce injury-potential factors. Even though 

therapeutic massage has benefited several injury-risk elements 

such as increased range of motion [15, 4, 16], decreased pain 

[34, 55], and anxiety [15, 41], there have been no treatment 

studies that assessed the effects of these types of possible 

injury prevention tactics. There is no clear evidence that 

massage can actually improve overall performance, enhance 

recovery, or stop muscular injury. Also the amount of massage 

benefits compared with other strategies such as jogging or 

stretching has not yet been looked into.  

DOMS is a very important problem intended for coaches 

and athletes, since it causes chronic pain and diminishes 

muscle function and ability, combined treatment and active 

recovery in bloodstream lactate removal to take part in sport 

[62]. DOMS commonly occurs between 24 and 72 hours, 

following unaccustomed eccentric exercise [63, 102, 64, 65]. 

The consequences of damage to muscle function include 

continuous loss of muscle strength [66, 67, 102, 68, 69], 

soreness sensation [65, 68, 69], reduced range of motion [67], 

increased muscle tightness [66], increased resting metabolic 

rate [70], and perturbed athletic performance [71, 72, 73]. 

These types of changes might increase the likelihood of sports 

injury. 

The sequence of DOMS occasions consists of the 

mechanical tension of exercise on muscle mass fibres [63, 74, 

75, 64, 76], causing sarcomeres to rupture [77], followed by 

calcium homeostasis disturbance. The damage of 

sarcoplasmic reticulum or muscle membrane layer can 

increase intracellular calcium mineral and trigger 

calcium-sensitive paths [78, 79]. The calcium activated 

neutral protease plays a role in the ultrastructural muscle 

tissue damage [102]. The inflammatory response to damaged 

muscle fibres triggers a transfer of liquid and cells to the 

broken tissue [81]. The increased fluid produces bloating after 

injury. Neutrophils and macrophages migrate to the other sites 

and play a role in both the damage and restoration processes 

[102]. The exact mechanisms to describe how soreness 

development and why there is a delay in pain sensation are not 

fully understood [14, 75, 80, 82]. 

A number of treatments which aim to stop or reduce the 

severity of muscle damage have been looked into, including 

acupuncture [83], ultrasound [84, 99], Cryotherapy [86], 

compression [66, 87], anti inflammatory drugs [88], 

Hyperbaric oxygen therapy [89], warm-up [90, 103], 

stretching [90, 91, 92], and massage [93, 94, 95, 48, 20, 96, 

97]. These treatments have already been applied as a 

prophylactic and a therapeutic intervention. Nevertheless, the 

benefits of these treatments continue to be inconclusive. From 
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a medical point of view, the treatment given prophylactically 

is more desirable for minimizing or preventing injury, and for 

reducing additional injuries, chronic pain, expense of injury 

treatment, and periodically lost from training actions. 

Therapeutic massage is one of the treatments commonly 

used to ease DOMS because it is thought to boost local blood 

and lymph flow, decrease oedema, and minimize pain. 

Significant reductions in soreness perception of DOMS after 

massage have been reported [98, 95, 48, 20]. Some studies 

described the mechanism of DOMS reduction by increasing 

neutrophils [48] and decreasing blood Creatinine kinase [48, 

95], while some researchers did not explain the mechanism 

whatsoever [20, 98]. However, many researchers reported 

that massage was not helpful in reducing DOMS [93, 94, 96, 

97, 99]. The unclear mechanisms of massage may also lead 

to improper massage application. In practice, therapeutic 

massage is often applied immediately after workout in order 

to enhance blood circulation. The consequence of massage 

on blood circulation continues to be questionable as 

described earlier. The eccentric exercise, which usually 

induces muscle damage, will not produce waste products that 

require extra blood flow. Research, which looked into the 

effects of massage immediately after work, found a decrease 

of DOMS 48 hours after training, but did not find any kind of 

change in blood circulation [20]. Also, some did not find any 

increase associated with massage immediately after exercise 

[96, 97]. 

A few researchers have speculated that massage may reduce 

DOMS sensation by decreasing muscle mass oedema. 

However, in studies conducted by Hasson [93] and Lightfoot 

[94], large quantity and soreness sensation would not change 

after massage and/or 24 hours following exercise. Massage 

performed two hours post-exercise was reported to benefit 

DOMS simply by reducing an inflammatory procedure [48]. 

The neutrophil ideals in the massage group had been 

significantly higher than in the control group at eight and 24 

hours. The authors believed that the elevation of the neutrophil 

counts was the result of the mechanical action of therapeutic 

massage by the shearing of the neutrophils from the vessel 

walls. The increased blood flow from the suggested 

physiological mechanism of massage therapy might prevent 

the migration of the neutrophils from the circulation into the 

injury sites. Thus, the neutrophil values would be raised in the 

blood count. Two studies used the process of Smith’s [48] 

approach to examine the effects of massage application two 

hours following eccentric exercise [100, 101]. Farr tout autant 

[101] and Hilbert [100] reported that massage performed two 

hours post-exercise was successful in reducing soreness 

feeling. It is important to note that a research conducted by 

Farr [101] investigated massage on one lower-leg, and used 

the additional leg as the control group. Therefore, it is likely 

that therapeutic massage might provide a psychological 

benefit, as only soreness experience – the subjective solution 

reported by the participants – was reduced after massage 

therapy application. There was simply no benefit of massage 

for avoiding muscle strength and function reduction (as 

determined by isometric and isokinetic tests and getting height 

respectively) [100, 101]. Interestingly, the two studies did not 

find any kind of change in neutrophil count. 

4. Conclusion 

Massage is believed to benefit sportsmen through its 

biomechanical, physical, neurological, and psychological 

devices. Research has reported the effects of massage on 

physiological (investigated by simply blood flow and 

blood-borne substance), neurological (investigated by 

H-reflex), and psychological (investigated simply by 

questionnaire and psychophysiological recommendations 

such as heart rate, blood pressure) mechanisms. There is 

limited information on the possible mechanisms of massage, 

especially mechanical aspects of pressure and movement of 

massage on muscle mass houses, such as passive or perhaps 

energetic muscle stiffness. Therefore, there is no evidence to 

support the claim that some massage techniques (e.g. 

Tapotement, vibration) can increase neuromuscular 

excitability. Understanding the mechanism of 

exercise-induced muscle soreness and the mechanisms of 

massage will help to select the appropriate massage 

technique, duration of application, and time of application. 

The effects of different types of massage (e.g. Petrissage, 

Effleurage) or the appropriate timing of massage 

(pre-exercise versus post-exercise) on performance, 

recovery from injury, or as an injury prevention method also 

needs to be examined. Simply, no published studies have 

reported the effects of pre-exercise massage around the 

severity of muscle harm. Massage can increase muscle mass 

temperature and blood flow, and that might help to increase 

muscle compliance and minimize muscle stiffness. 

Nevertheless, research on the effects of therapeutic massage 

on passive stiffness has not supported this claim.  

 

References 

[1] Drust, B., Atkinson, G., Gregson, W., French, D., & 
Binningsley, D. (2003). The effects of massage on 
Intramuscular temperature in the vastus lateralis in humans. 
International Journal of Sports Medicine, 24, 395-399. 

[2] Cafarelli, E., & Flint, F. (1992). The role of massage in preparation 
for and recovery from exercise. Sports Medicine, 14, 1-9. 

[3] Braverman, D., & Schulman, R. (1999). Massage techniques in 
rehabilitation medicine. Physical Medicine and Rehabilitation 
Clinics of North America, 10, 631-649. 

[4] Nordschow, M., & Bierman, W. (1962). The influence of 
manual massage on muscle relaxation: effect on trunk flexion. 
Journal of American Physical Therapy, 42, 653-657. 

[5] Gleim, G., W, & McHugh, M. P. (1997). Flexibility and its 
effects on sports injury and performance. Sports Medicine, 24, 
289-299. 

[6] Galloway, S., Watt, J., & Sharp, C. (2004). Massage provision 
by physiotherapists at major athletics events between 1987 and 
1998. British Journal of Sport Medicine, 38, 235-237. 



65 Qais Gasibat and Wurida Suwehli:  Determining the Benefits of Massage Mechanisms: A Review of Literature  

 

[7] Tappan, F., & Benjamin, P. (1998). Tappan's handbook of 
healing massage techniques: classic, holistic, and emerging 
methods. Stamford, TP: Appleton & Lange. 

[8] Goats, G. C. (1994). Massage-the scientific basis of an ancient 
art: Part 1. The techniques. British Journal of Sports Medicine, 
28, 149-152. 

[9] De Domenico, G., & Wood, E. (1997). Beard's massage (4th 
ed.). Philadelphia: W. B. Saunders. 

[10] Bell, A. (1964). Massage and physiotherapist. Physiotherapy, 
50, 406-408. 

[11] Magnusson, S. (1998). Passive properties of human skeletal 
muscle during stretch manoeuvres. Scandinavian Journal of 
Medicine & Science in Sports, 8, 65-77. 

[12] Stanley, S., Purdam, C., Bond, T., & McNair, P. (2001, July). 
Passive tension and stiffness properties of the ankle plantar 
flexors: the effects of massage. Paper presented at the 
XVIIIth Congress of the International Society of 
Biomechanics, Zurich. 

[13] McNair, P., & Stanley, S. (1996). Effect of passive stretching 
and jogging on the series muscle stiffness and range of motion 
of the ankle joint. British Journal of Sports Medicine, 30, 
313-318. 

[14] Clarkson, H. (2000). Musculoskeletal assessment: Joint range 
of motion and manual muscle strength (2nd ed.). Philadelphia: 
Lippincott Williams & Wilkins. 

[15] Leivadi, S., Hernandez-Reif, M., Field, T., O'Rourke, M., 
D'Arienzo, S., Lewis, D., et al. (1999). Massage therapy and 
relaxation effects on university dance students. Journal of 
Dance Medicine and Science, 3, 108-112. 

[16] Wiktorsson-Moller, M., Oberg, B., Ekstrand, J., & Gillquist, J. 
(1983). Effects of warming up, massage, and stretching on 
range of motion and muscle strength in the lower extremity. 
American Journal of Sports Medicine, 11, 249-252. 

[17] Black, C., Vickerson, B., & McCully, K. (2003). Noninvasive 
assessment of vascular function in the posterior tibial artery of 
healthy humans. Dynamic Medicine, 2, 1. 

[18] Longworth, J. (1982). Psychophysiological effects of slow 
stroke back massage in normotensive females. Advances in 
Nursing Science, 4, 44-61. 

[19] Shoemaker, J., Tiidus, P., & Mader, R. (1997). Failure of 
manual massage to alter limb blood flow: measures by Doppler 
Ultrasound. Medicine & Science in Sports & Exercise, 29, 
610-614. 

[20] Tiidus, P., & Shoemaker, J. (1995). Effleurage massage, muscle 
blood flow and long term post-exercise recovery. International 
Journal of Sports Medicine, 16, 478483. 

[21] Dubrosky, V. (1982). Changes in muscle and venous blood flow 
after massage. Soviet Sports Reviews, 4, 56-57. 

[22] Dubrosky, V. (1983). The effect of massage on athletes' 
cardiorespiratory systems. Soviet Sports Reviews, 5, 48-49. 

[23] Hansen, T., & Kristensen, J. (1973). Effect of massage, 
shortwave diathermy and ultrasound upon 133Xe 
disappearance rate from muscle and subcutaneous tissue in the 
human calf. Scandinavian Journal of Medicine & Science in 
Sports, 5, 179-182. 

[24] Hovind, H., & Nielsen, S. (1974). Effect of massage on blood 
flow in skeletal muscle. Scandinavian Journal of Medicine & 
Science in Sports, 6, 74-77. 

[25] Tiidus, P. (1999). Massage and ultrasound as therapeutic 
modalities in exercise induced muscle damage. Canadian 
Journal of Applied Physiology, 24, 267-278. 

[26] Corley, M., Ferriter, J., Zeh, J., & Gifford, C. (1995). 
Physiological and psychological effects of back rubs. Applied 
Nursing Research, 8, 39-43. 

[27] Fraser, J., & Kerr, J. (1993). Psychological effects of back 
massage on elderly institutionalized patients. Journal of 
Advanced Nursing, 18, 238-245. 

[28] Groer, M., Mozingo, J., Droppleman, P., Davis, M., Jolly, M., 
Boynton, M., et al. (1994). Measures of salivary secretary 
immunoglobulin A and state anxiety after a nursing back rub. 
Applied Nursing Research, 7, 2-6. 

[29] Labyak, S., & Metzger, B. (1997). The effects of effleurage 
backrub on the physiological components of relaxation: a 
meta-analysis. Nursing Research, 46, 59-62. 

[30] Kaada, B., & Torsteinbo, O. (1989). Increase of plasma 
b-endorphin in connective tissue massage. General Pharmacy, 
20, 487-489. 

[31] Delaney, J., Leong, K., Watkins, A., & Brodie, D. (2002). The 
short-term effects of myofascial trigger point massage therapy 
on cardiac autonomic tone in healthy subjects. Journal of 
Advanced Nursing, 37, 364-371. 

[32] Spielberger, C. D., Gorsuch, R. L., & Lushene, R. E. (1970). 
The State-Trait Anxiety Inventory. Palo Alto, CA: Consulting 
Psychologists Press. 

[33] Zeitlin, D., Keller, S., Shiflett, S., Schleifer, S., & Bartlett, J. 
(2000). Immunological effects of massage therapy during 
academic stress. Psychosomatic Medicine, 62, 83-87. 

[34] Gam, A., Warming, S., Larsen, L., Jensen, B., Hoydalsmo, O., 
Allon, I., et al. (1998). Treatment of myofascial trigger-points 
with ultrasound combined with massage and exercise-a 
randomized controlled trial. Pain, 77, 73-79. 

[35] Guyton, A., & Hall, J. (2000). Textbook of medical physiology 
(10th ed.). Philadelphia, PA: W. B. Saunders. 

[36] Hernandez-Reif, M., Field, T., Krasnegor, J., & Theakston, H. 
(2001). Lower back pain is reduced and range of motion 
increased after massage therapy. International Journal of 
Neuroscience, 106, 131-145. 

[37] Pope, M., Phillips, R., Haugh, L., Hsieh, C., MacDonald, L., & 
Haldeman, S. (1994). A prospective randomized three-week 
trial of spinal manipulation, transcutaneous muscle stimulation, 
massage and corset in the treatment of subacute low back pain. 
Spine, 19, 2571-2577. 

[38] Puustjarvi, K., Airaksinen, O., & Pontinen, P. (1990). The effects 
of massage in the patients with chronic tension headache. 
Acupuncture & Electro-Therapeutics Research, 15, 159-162. 

[39] McNair, D. M., Lorr, M., & Droppleman, L. F. (1971). Profile 
of Mood State manual. San Diego: Educational and Industrial 
Testing Service. 

[40] Terry, P., Lane, A., Lane, H., & Keohane, L. (1999). 
Development and validation of a mood measure for adolescents. 
Journal of Sports Sciences, 17, 861-872. 



 Rehabilitation Sciences 2017; 2(3): 58-67 66 

 

[41] Weinberg, R., Jackson, A., & Kolodny, K. (1988). The 
relationship of massage and exercise to mood enhancement. 
The Sport Psychologist, 2, 202-211. 

[42] Thayer, R. E. (1967). Measurement through self-report. 
Psychological Reports, 20, 663678. 

[43] Hemmings, B., Smith, M., Gradon, J., & Dyson, R. (2000). 
Effects of massage on physiological restoration, perceived 
recovery, and repeated sports performance. British Journal of 
Sports Medicine, 34, 109-115. 

[44] Hemmings, B. (2000a). Psychological and immunological 
effects of massage after sport. British Journal of Therapy and 
Rehabilitation, 7, 516-519. 

[45] Hemmings, B. (2000b). Sports massage and psychological 
regeneration. British Journal of Therapy and Rehabilitation, 7, 
184-188. 

[46] Callagan, M. (1993). The role of massage in the management of 
the athlete: a review. British Journal of Sports Medicine, 27, 
28-33. 

[47] Tiidus, P. (1997). Manual massage and recovery of muscle 
function following exercise: a literature review. Journal of 
Orthopaedic & Sports Physical Therapy, 25, 107-112. 

[48] Smith, L., Keating, M., Holbert, D., Sprattt, D., McCammon, 
M., Smith, S., et al. (1994). The effects of athlete massage on 
delayed onset muscle soreness, creatine kinase and neutrophil 
count: a preliminary report. Journal of Orthopaedic and Sports 
Physical Therapy, 19, 93-99. 

[49] Starkey, J. (1976). Treatment of ankle sprains by simultaneous 
use of intermittent compression and ice packs. American 
Journal of Sports Medicine, 4, 141-144. 

[50] Rinder, A., & Sutherland, C. (1995). An investigation of the 
effects of massage on quadriceps performance after exercise 
fatigue. Complementary Therapies in Nursing and Midwifery, 
1, 99-102. 

[51] Viitasalo, J., Niemela, K., Kaapola, R., Korjus, T., Levola, M., 
Mononen, H., et al. (1995). Warm under water water-jet 
massage improves recovery from intense physical exercise. 
European Journal of Applied Physiology, 71, 431-438. 

[52] Zelikovski, A., Kaye, C., Fink, G., Spitzer, S., & Shapiro, Y. 
(1993). The effects of the modified intermittent sequential 
pneumatic device (MISPD) on exercise performance following 
an exhaustive exercise bout. British Journal of Sports Medicine, 
27, 255-259. 

[53] Benjamin, P., & Lamp, S. (1996). Understanding sports 
massage. Champaign, IL: Human Kinetics. 

[54] Cinque, C. (1989). Massage for cyclists: the winning touch. 
Physician and Sportsmedicine, 17, 167-170. 

[55] Danneskiold-Samsoe, B., Christiansen, E., Lund, B., & Anderson, 
R. (1982). Regional muscle tension and pain (fibrositis): effects of 
massage and myoglobin in plasma. Scandinavian Journal of 
Medicine & Science in Sports, 15, 17-20. 

[56] Murphy, A., & Wilson, G. (1997). The ability of tests of 
muscular function to reflect training-induced changes in 
performance. Journal of Sports Sciences, 15, 191200. 

[57] Harmer, P. (1991). The effect of pre-performance massage on 
stride frequency in sprinters. Journal of Athletic Training, 26, 
55-58. 

[58] Samples, P. (1987). Does "sport massage" have a role in sport 
medicine? Physician and Sportsmedicine, 15, 177-183. 

[59] Balke, B., Anthony, J., & Wyatt, F. (1989). The effects of 
massage treatment on exercise fatigue. Clinical Biomechanics, 
1, 189-196. 

[60] Monedero, J., & Donne, B. (2000). Effect of recovery 
interventions on lactate removal and subsequent performance. 
International Journal of Sports Medicine, 21, 593597. 

[61] Boone, T., & Cooper, R. (1995). The effect of massage on 
oxygen consumption at rest. American Journal of Chinese 
Medicine, 13, 37-41. 

[62] Ernst, E. (1998). Does post-exercise massage treatment reduce 
delayed onset muscle soreness? A systematic review. British 
Journal of Sports Medicine, 32, 212-214. 

[63] Appell, H., Soares, J., & Durate, J. (1992). Exercise, muscle 
damage and fatigue. Sports Medicine, 13, 108-115. Clarkson, P., 
& Sayers, S. (1999). Etiology of exercise-induced muscle 
damage. Canadian Journal of Applied Physiology, 24, 234-248. 

[64] Ebbeling, C., & Clarkson, P. (1989). Exercise-induced muscle 
damage and adaptation. Sports Medicine, 7, 207-234. 

[65] Howell, J., Chleboun, G., & Conaaster, R. (1993). Muscle stiffness, 
strength loss, swelling and soreness following exercise-induced 
injury in humans. Journal of Physiology, 464, 183-196. 

[66] Chleboun, G., Howell, J., Baker, H., Ballard, T., Graham, J., 
Hallman, H., et al. (1995). Intermittent pneumatic compression 
effect on eccentric exercise-induced swelling, stiffness, and 
strength loss. Archives of Physical Medicine and 
Rehabilitation, 76, 744-749. 

[67] Clarkson, P., Nosaka, K., & Braun, B. (1992). Muscle function 
after exercise-induced muscle damage and rapid adaptation. 
Medicine & Science in Sports & Exercise, 24, 512-520. 

[68] McHugh, M., Connolly, D., Eston, R., & Gleim, G. (2000). 
Electromyographic analysis of exercise resulting in symptoms 
of muscle damage. Journal of Sports Sciences, 18, 163-172. 

[69] McHugh, M. P., Connolly, D., Eston, R., Gartman, E., & Gleim, 
G. (2001). Electromyographic analysis of repeated bouts of 
eccentric exercise. Journal of Sports Sciences, 19, 163-170. 

[70] Dolezal, B., Potteiger, J., Jacobsen, D., & Benedict, S. (2000). 
Muscle damage and resting metabolic rate after acute 
resistance exercise with an eccentric overload. Medicine & 
Science in Sports & Exercise, 32, 1202-1207. 

[71] Harris, C., Wilcox, A., Smith, G., Quinn, C., & Lawson, L. 
(1990). The effect of delayed onset muscular soreness (DOMS) 
on running kinematics. Medicine & Science in Sports & 
Exercise, 22(Suppl.), 34. 

[72] Hone, L., Siler, W., & Schwane, J. (1990). Does delayed 
muscle soreness affect oxygen consumption and selected gait 
parameters during running? Medicine & Science in Sports & 
Exercise, 22(Suppl.), 34. 

[73] Smith, L. (1992). Causes of delayed onset muscle soreness and 
the impact on athletic performance: a review. Journal of 
Applied Sport Science Research, 6, 135-141. 

[74] Armstrong, R. (1984). Mechanisms of exercise-induced 
delayed onset muscular soreness: a brief review. Medicine & 
Science in Sports & Exercise, 16, 529-538. 



67 Qais Gasibat and Wurida Suwehli:  Determining the Benefits of Massage Mechanisms: A Review of Literature  

 

[75] Cheung, K., Hume, P., & Maxwell, L. (2003). Delayed onset 
muscle soreness: treatment strategies and performance factors. 
Sports Medicine, 33, 145-164. 

[76] Faulkner, J., Brooks, S., & Opiteck, J. (1993). Injury to skeletal 
muscle fiber during contractions: conditions of occurrence and 
prevention. Physical Therapy, 73, 911-921. 

[77] Friden, J., & Lieber, R. (1992). Structural and mechanical basis 
of exercise-induced muscle injury. Medicine & Science in 
Sports & Exercise, 24, 521-530. 

[78] Armstrong, R. (1990). Initial events in exercise-induced 
muscular injury. Medicine & Science in Sports & Exercise, 22, 
429-435. 

[79] Armstrong, R., Warren, G., & Warren, J. (1991). Mechanisms 
of exercise-induced muscle fibre injury. Sports Medicine, 12, 
184-207. 

[80] Clarkson, P., & Hubal, M. (2002). Exercise-induced muscle 
damage in humans. American Journal of Physical Medicine 
and Rehabilitation, 81(Suppl.), 52-69. 

[81] Smith, L. (1991). Acute inflammation: the underlying 
mechanism in delayed onset muscle soreness? Medicine & 
Science in Sports & Exercise, 23, 542-551. 

[82] Devries, H., & Housh, T. (1996). Physiology of exercise: for 
physical education, athletics and exercise science. Madison, 
WI: Brown & Benchmark. 

[83] Barles, P., Robinson, J., Allen, J., & Baxter, G. (2000). Lack of 
effect of acupuncture upon signs and symptoms of delayed 
onset muscle soreness. Clinical Physiology, 20, 449-456. 

[84] Ciccone, C., Leggin, B., & Callamaro, J. (1991). Effects of 
ultrasound and trolamine salicylate phonophoresis on 
delayed-onset muscle soreness. Physical Therapy, 71, 675-678. 

[85] Craig, J., Bradley, J., Walsh, D., Baxter, G., & Allen, J. (1999). 
Delayed onset muscle soreness: Lack of effect of therapeutic 
ultrasound in humans. Archives of Physical Medicine and 
Rehabilitation, 80, 318-323. 

[86] Eston, R. G., & Peters, D. (1999). Effects of cold water 
immersion on the symptoms of exercise induced muscle 
damage. Journal of Sports Sciences, 17, 231-238. 

[87] Kraemer, W., Bush, J., Wickham, R., Denegar, C., Gomez, A., 
Gotshalk, L., et al. (2001). Influence of compression therapy on 
symptoms following soft tissue injury from maximal eccentric 
exercise. Journal of Orthopaedic & Sports Physical Therapy, 31, 
282-290. 

[88] Bourgeois, J., MacDougall, D., MacDonald, J., & Tarnopolsky, 
M. (1999). Naproxen does not alter indices of muscle damage 
in resistance-trained men. Medicine & Science in Sports & 
Exercise, 31, 4-9. 

[89] Mekjavic, I., Exner, J., Tesch, P., & Eiken, O. (2000). 
Hyperbaric oxygen therapy does not affect recovery from 
delayed onset muscle soreness. Medicine & Science in Sports 
& Exercise, 32, 558-563. 

[90] High, D., Howley, E., & Franks, B. (1989). The effects of static 
stretching and warm-up on prevention of delayed-onset muscle 
soreness. Research Quarterly for Exercise and Sport, 60, 
357-361. 

[91] Johansson, P., Lindstrom, L., Sundelin, G., & Lindstrom, B. 
(1999). The effects of preexercise stretching on muscular 
soreness, tenderness and force loss following heavy eccentric 
exercise. Scandinavian Journal of Medicine & Science in 
Sports, 9, 219-225. 

[92] Lund, H., Vestergaard-Poulsen, P., Kanstrup, I., & Sejrsen, P. 
(1998a). The effects of passive stretching on delayed onset 
muscle soreness, and other detrimental effects following 
eccentric exercise. Scandinavian Journal of Medicine & 
Science in Sports, 8, 216-221. 

[93] Hasson, S., Cone, M., Ellison, C., Goehrs, L., Hall, L., Van 
Vyven, E., et al. (1992). Effect of retrograde massage on muscle 
soreness and performance. Physical Therapy, 72 (Suppl.), 100. 

[94] Lightfoot, J., Char, D., McDermont, J., & Goya, C. (1997). 
Immediate post-exercise massage does not attenuate delayed 
onset of muscle soreness. Journal of Strength and Conditioning 
Research, 11, 119-124. 

[95] Rodenburg, J., Steenbeek, D., Schiereck, P., & Bar, P. (1994). 
Warm-up, stretching and massage diminish harmful effects of 
eccentric exercise. International Journal of Sports Medicine, 15, 
414-419. 

[96] Weber, M., Servedio, F., & Woodall, W. (1994). The effects of 
three modalities on delayed onset muscle soreness. Journal of 
Orthopaedic & Sports Physical Therapy, 20, 236-242. 

[97] Wenos, J., Brilla, L., & Morrison, M. (1990). Effect of massage 
on delayed onset muscle soreness. Medicine & Science in 
Sports & Exercise, 22(Suppl.), 4. 

[98] Bale, P., & James, H. (1991). Massage, warmdown and rest as 
recuperative measures after short term intense exercise. 
Physiotherapy in Sport, 13, 4-7. 

[99] Yackzan, L., Adams, C., & Francis, K. (1984). The effects of 
ice massage on delayed muscle soreness. American Journal of 
Sports Medicine, 12, 159-165. 

[100] Hilbert, J., Sforzo, G., & Swensen, T. (2003). The effects of 
massage on delayed onset muscle soreness. British Journal of 
Sports Medicine, 37, 72-75. 

[101] Farr, T., Nottle, C., Nosaka, K., & Sacco, P. (2002). The effects 
of therapeutic massage on delayed onset muscle soreness and 
muscle function following downhill walking. Journal of 
Science and Medicine in Sport, 5, 297-306. 

[102] Clarkson, Priscilla M., and Stephen P. Sayers. "Etiology of 
exercise-induced muscle damage." Canadian journal of applied 
physiology 24. 3 (1999): 234-248.  

[103] Nosaka, Kazunori, and Priscilla M. Clarkson. "Influence of 
previous concentric exercise on eccentric exercise-induced 
muscle damage." Journal of sports sciences 15. 5 (1997): 
477-483.  

 

View publication stats

https://www.researchgate.net/publication/318929943

