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CHAPTER |

INTRODUCTION

Background and Rationales

Before each competition, regular training programs are integral parts of aerobic
training, flexibility, weight training, and sport-specific training for athletic peak
performance of their sports. Interestingly, weight training or resistance training is a
training program for preparing muscular system via improve strength also muscular
endurance. Especially, eccentric training exercise produces greater gains in muscle
hypertrophy, strength and neuromuscular adaptation compared with isometric and

concentric training exercise (Connolly et al., 2003).

Strenuous training programs contribute to delayed onset muscle soreness
(DOMS). It is one of the most common types of muscle pain which is identified by pain
or soreness sensation on individuals. It often occurs following unaccustomed or intense
exercise involving eccentric contractions during pre-season resistance training and
plyometric training or explosive jump training, which involves the stretch and recoil
characteristics of skeletal muscle for sports that require powerful, propulsive movements
(e.g. landing, reactive power, take-off, throwing, and starting power) such as football,
volleyball, sprinting, high jump, long jump, and basketball (McArdle et al., 2007). After
the strenuous exercise results in a dull and aching pain, which begins 8-24 h post-
exercise, and increases in intensity. It peaks at 24-72 h and subsides within 5-7 days
post-exercise (Armstrong, 1984; Connolly et al.,, 2003). Other functional signs
associated with DOMS are consistent of swelling, a reduction in muscle strength, a
decreased range of motion and an increased blood creatine kinase. Conclusively, these
signs were due to interrupted muscle functional performance, felt unattractive able to

subsequent training, and also might increase the risk factor of undesirable injury.



According to Thomas et al. (2008), massage has been defined as “a mechanical
manipulation of body tissues with rhythmical pressure and stroking”, and massage was
a consisted of up to 45% of total treatment time in physiotherapy for sport-related injury
and performance. It is one of the treatments commonly used to alleviate DOMS because
it is contribute to increase local blood and lymph flow (i.e. vasodilation), neutrophils, and
decrease edema, pain sensation, and blood creatine kinase (Pornratshanee, 2005).
Significant reductions in soreness sensation of DOMS after massage have been
reported (Robertson et al., 2004; Ogai et al., 2008; Willems et al., 2009; Farr et al., 2002;
Rhea et al., 2009; Hilbert et al., 2003; Zainuddin et al., 2005; Bakhtiary et al., 2007;
Hemmings et al., 2000; Mancinelli et al., 2006). A particularly usual massage technique
for sport-related is Swedish massage, which consists of effleurage, petrissage, friction,
vibration, and percussion. Attractively, one of the most efficient techniques for relieving
DOMS is petrissage massage (Ogai et al., 2008). It is a sequence of compression and
decompression exerted on muscular tissue in reducing muscle tone, local swelling,

soreness sensation, and also providing muscle blood flow.

Cold-water immersion has become a popularly used to mitigate DOMS in muscle
recovery method of competitive sport (Sellwood et al.,, 2007). It is used as the
therapeutic application for reducing inflammation, tissue metabolism, pain sensation,
edema, local blood flow (i.e. vasoconstriction), and muscle spasm (Scott et al., 2004)
after induced muscle damage from eccentric exercise (Vaile et al., 2010; Crowley et al.,
1991; Buchheit et al., 2009; Eston et al., 1999; Vaile et al., 2008; Bailey et al., 2007;
Parouty et al., 2010; Ingram et al., 2009; Rowsel et al., 2009; Montgomery et al., 2008;
Skurvydas et al., 2006). However, some studies have shown no reduction in the
functional signs of muscle damage following cryotherapy (Sellwood et al., 2007;

Giuseppe et al., 2007; Jakeman et al., 2009; Howatson et al., 2009; Goodall et al., 2008).

In addition, the majority of researches about effects of massage/ cryotherapy on

DOMS has received little attention, results controversy, inappropriate method protocol,



and used small sample sizes, which limited the statistical power. However, the cold-
water immersion is a popular, convenient, a low cost and be a simple passive recovery
method with advocated by hydrostatic pressure principle for enhanced waste clearance
and the massage one is an effective optional recovery way, but it was influentially
applied actions by masseur performance. By the way, it has not found any research

comparison effects between massage and cryotherapy on functional signs of DOMS.

Therefore, the aim of this study focused on effects of cryotherapy and petrissage
massage on functional signs of delayed onset of muscle soreness of knee extensors
following stimulated plyometric exercise in Thai male for trend to be the optional ways
and application to promote athletic performance, who has done the same as a training

program likes this protocol.

Research Question

Is there a difference in functional signs of DOMS between healthy Thai male with
cold-water immersion and petrissage massage treatment following stimulated plyometric

exercise?

Objective

1. To study effects of cold-water immersion and petrissage massage treatment
on functional signs of DOMS in healthy Thai male.
2. To compare effects of cold-water immersion to petrissage massage treatment

on functional signs of DOMS in healthy Thai male.



Hypothesis

Healthy Thai male with cold-water immersion treatment have difference in
functional signs of DOMS to those with petrissage massage treatment following

stimulated plyometric exercise.

Conceptual framework

Plvometric exercise

®

Delayed onset of muscle

y

soreness (DOMS)

Massaae r :
@
1

1
Cold-water immersion |-__: @

Muscle pain ﬂ Serum CKf Muscle stiffnessf Swellingf Muscle strength +

l

Lost of muscle function

Key words

Delayed onset of muscle soreness, DOMS, Petrissage massage, Cryotherapy,

Plyometric exercise

Scope of research

This study is a human experimental research in which healthy male students
actively engaged in sports participated as the participants. The study approval was

obtained from the Institutional Review Board of Faculty of Medicine, Chulalongkorn



University. Written informed consent was obtained from each participant before the
experiment started. On participation, participants were given the details of the research

procedure and risk involved, and reminded of their right to withdraw at any stage of the

study.
Assumption

1. The equipments were calibrated for standard accuracy and reliability.

2. All participants should be healthy with no physical problem that impedes the
research.

3. The massage was applied to both exercised legs by trained physical therapist
or a senior sports science student.

4. Participants were asked to refrain from any analgesic, NSAIDs, and
supplementations such as vitamin C/E, Arnica, Ubiquinone, L-carnitine and estrogen, or
not change their diet at least 2 weeks prior to, and during the investigation.

5. All participants voluntarily participated in this study.

Limitations

1. This study requires cooperation of all qualified healthy male.

2. This study requires cooperation of various institutes which all equipments are
used for tests.

3. The result of research cannot be extended to other male who are not in this
study age range, physical fithess level and another exercise forms.

4. The lifestyle of participants cannot be controlled this study for physical

activity, food intake, and amount of exercise during period of this investigation.



Operational definitions

1. Healthy male is defined as men aged 17 to 25 years old.

2. Delayed onset of muscle soreness, is defined as the sensation of discomfort
or pain sensation in skeletal muscle following unaccustomed eccentric muscular
exertion. This soreness typically peaks 24-48 h after the exercise and subsides within
96 h.

3. Petrissage massage composed of a sequence of compression and release
technique from compression exerted on muscular tissue in reducing muscle tone, local
swelling and the experience of soreness to improve muscle blood flow.

4. Cryotherapy is defined as the therapeutic application of any substance to the
body that removes heat from the body, resulting in decreased tissue temperature,
decreases tissue blood flow by causing vasoconstriction, and reduces tissue me-
tabolism, oxygen utilization, inflammation, and muscle spasm.

5. Plyometric training involved the stretch and recoil characteristics of skeletal
muscle for sports and is defined as one of the most effective methods for developing
explosive power to generate maximal force or strength; the more of it can be converted
into sport-specific power.

6. Functional Signs of DOMS consisted of swelling, a reduction in muscle
strength, a decreased range of motion and an increased blood creatine kinase after the

damaging plyometric exercise.

Expected benefits and applications

1. To understand results of cold-water immersion/petrissage massage treatment
that affects functional signs of DOMS following stimulated plyometric exercise in healthy
Thai male.

2. To determine the difference between cold-water immersion and petrissage
massage treatment that affect functional signs of DOMS following stimulated plyometric

exercise in healthy Thai male.



3. To gain insight on the design and implementation of effective DOMS
prophylactic or treatment for the younger adults.

4. To be an optional methods that helps to improve functional signs of DOMS
that leads to prevention of soreness and enhance hasten recovery.

5. To provide preliminary data for further studies.



CHAPTER I
REVIEW LITERATURES

Intense training programs and inadequate rest period contributes to prevalence
of delayed onset of muscle soreness (DOMS) in athletic population. DOMS represents
inflammatory pain following unaccustomed or intense exercise involving eccentric
contractions during pre-season resistance training and plyometric training. A dull and
aching pain, which begins 8-24 h post-intense exercise, and gradually increases in
intensity, peaks at 24-72 h and subsides within 5-7 days post-exercise. Other functional
signs associated with DOMS are consistent of a reduction in muscle strength usually
peaks immediately after exercise or within 48 h after exercise, with full recovery taking
more than 5 days. Increased serum creatine kinase usually peak 24-48 h after the
damaging exercise also. Swelling and a decreased range of motion usually peak 34
days after exercise and normally become to baseline within 10 days (Connolly et al.,
2003). These various signs can also present independently of each other. Therefore,
these signs were due to interrupted muscle functional performance, felt unattractive able

to subsequence training, and also was to be a risk factor of undesirable injury.

ECCENTRIC CONTRACTIONS

Eccentric exercise is defined as the force generated muscle activation involving
lengthening of a muscle. Itis a part of component in routine daily activities such as stair
descent, squatting, and lowering objects. Athlete requires eccentric muscle force for
some functional sport-related tasks such as limb deceleration when throwing a ball,

bicycling, plyometric training and downhill running (McArdle et al., 2007).

Generally, the muscle force production from eccentric activity is approximately

twice than isometric contractions; however, the total number of attached cross bridges



in a strongly bound state is only ~10% greater than isometric contraction (Fedorko,
2007). The force is distributed over a smaller cross-sectional area of muscle, producing
a greater tension per active motor unit, according to increasing the risk for mechanical
damage to an inflammatory response that leads to PGE, and leukotriene synthesis as
shown in Figure 2.1 (Armstrong, 1994). Conclusively, eccentric contractions will fine out

greater delayed soreness than isometric or isotonic contractions.

PLYOMETRIC EXERCISE

Plyometric training is one of the most requested forms of training by athletes. It
was referred to as “jump training” and thought to stimulate changes in the
neuromuscular system, the ability of the muscle groups to respond the rapid stretching
(lengthening) followed by a rapid concentric (shortening) contraction immediately to

produce a powerful movement over a short time.

Abass (2009) described “plyometric exercises as explosive ballisthenic-like
exercises which involve the conditioning of the neuromuscular system to permit faster
and more powerful changes of direction such as moving from up and down in jumping

or switching leg positions as in running.”

There are many plyometric exercise forms for lower body. As with other forms of
sports training, such as rebound jumping, box jump, depth jump, cone hop, hurdle hop,
long jump from box (McArdle et al., 2007). The exercise protocol adopted for this study

was based on the principle of plyometric training.
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DELAYED ONSET MUSCLE SORENESS (DOMS)

Delayed onset muscle soreness (DOMS) is defined as the sensation of
discomfort or dull and aching pain in skeletal muscle after unaccustomed exercise
(Armstrong, 1984). DOMS usually appears approximately 8 h following exercise, peaks
from 24-72 h and gradually subsides within 5 - 7 days (Newham, 1988; Fedorko, 2007).
In untrained individuals are often occurred on DOMS when compared to trained

persons.

Hough (1902) described “the phenomenon of DOMS hypothesized the etiology
as being the result of microtears or microruptures in the muscle fibers and the
associated connective tissue directly related to the forces developed during exercise

and their rate of force development”.

Leukotrienes | I| Neutrophils , Free
Radicals

r

Swelling

]njuriy o Phosphlipase A, \
muscie ¥ activation
membrane
Arachidonic » PGE, ————————p
acid metabolism
I. Mechanical Damage II. Inflammation & Swelling IIL. Free Radical
Proliferation
J[nterventions targeting potential mechanisms of injury:l
+Siretching «NSAIDs N R
«Massage «Cryotherapy -V!tamfu E
eWarm-up oIce Massage -Vlt.amgn C
<HBOT «Compression «Ubiquinone
«Ultrasound «Homeopathic remedies?
eE-Stim sAcupuncture?
«L-Carnitine «Electromagnetic shielding?
sRest
«Light Exercise

Figure 2.1 Schematic showing possible sequence of injury and treatments of

Delayed onset of muscle soreness (Connolly et al., 2003)
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To date, the research about the primary mechanism cause of DOMS has been
able to conclusively inconsistency; however, many researches guided involving
exercise-induced muscle damage has informed events similar to associated with an

acute inflammation response.

FUNCTIONAL SIGNS AND SYMPTOMS OF DOMS

The pain and impaired functional signs just lead to the short-term damage.
These signs have not only no long-term damage reduced muscle function, but also can
return to the baseline by themselves within recovery period (Armstrong, 1984). The most
appropriate way to observe and control the effects of DOMS is consisted of the
measurement of swelling, range of motion and strength coupled with the assessment of

pain (Table 2.1) (Fedorko, 2007).

Difficulty
Damage of
Index informatiom  Cost  measure Reliability Comments

Biopsy Lical High High High Best indicator
Strength Local Laow Low Medium
Fain Central Low Low Medium-high High subgectivity
Tenderness Local Laow Low Medium High subjectivity
Stiffriess Lical Low Low Medium-high
Swelling Local Law Low Medium-high
Creatine kinase Central Low Low Low High inter- and intraindividual variation
Lactate dehydrogenase Central Low Low Low High inter- and intraindividual varation
Glutamic oxaloacetic trans-

arninase Central Low Low Low High inter- and intraindividual variation

Table 2.1 Selected indices evaluating muscle damage. (Connolly et al., 2003)

Pain

Pain is a reception and sensation of the body to protect the around tissues from
injury interruption. Individual generally begin to feel muscular soreness in the
musculotendinous junction area between 8 - 24 h post-exercise, with peak intensities

about 24-72 h post-exercise (Newham, 1988)
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Smith (1991) suggested that “macrophages are present in large numbers at 24
and 48 h after eccentric exercise and the sensation of pain was related to the synthesis
of PGE, by the macrophage”. The sensation of pain by stimulating pain afferents,
especially myelinated type Il and unmyelinated type IV pain afferents was directly

caused by PGE, (Fedorko, 2007).

Swelling

Howatson and Someren (2008) described that “swelling occurs from the
attraction of water to free proteins accumulating in the interstitium following injury. This
accumulation results in a disruption of normal capillary filtration pressure”. Some study
has suggested that the increased local tissue pressure can be generated pain involving

swelling during DOMS (Connolly et al., 2003).

Range of Motion

Range of motion (ROM) is defined as the arc over of a joint, and this eliminates
the muscle length range for single joint muscles (Warren et al., 1999). A reduction in
joint ROM has been appeared from a loss of strength or swelling within the perimuscular
connective tissues, especially in the areas of the musculotendinous junctions after the

exercise induced muscle damage (Howatson and Someren, 2008).

Strength

One of the most valid and reliable indirect detects of muscle damage is strength
loss after strenuous eccentric exercise (Warren et al., 1999). This mechanism has not
been plainly identified. It might be from the damaged local muscular tissues or the

soreness perceptions it causes. (Newham, 1988).
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Creatine Kinase

Brancaccio et al. (2007) described that “creatine Kinase (CK) is a dimeric
globular protein. It buffers cellular ATP and ADP concentrations during contraction. At
least five isoforms of CK exist: three isoenzymes in cytoplasm (CK-MM, CK-MB and CK-
BB) and two isoenzymes in mitocondria (non-sarcomeric and sarcomeric). CK
isoenzymes give specific information on injured tissue because of their tissue
distribution. CK-MM is found in the muscle fiber where ATP consumption is high and is a
marker of muscle disease. CK-MB increases in acute myocardial infarction, and CK-BB

increases in brain damage. Mitochondrial CK is raised in mitochondrial myopathies”.

Creatine kinase
Creatine phosphate +ADP €————» Creatine + ATP

MM-CK is specifically bound to the myofibrillar M-Line structure found in the
sarcomere. Indication of cellular necrosis and muscle damage may be shown by
increased in these enzymes follow muscle injuries. It has been used as an indirect

marker of DOMS in healthy people.

CK values show great variability among individuals. Total creatine kinase (CK)
levels depend on age, gender, race, muscle mass, body mass, physical activity, level of
training (resting levels higher in athletes than in sedentary subjects), fibre type, and

climatic condition (Brancaccio et al., 2007).

After strength training, peak serum CK levels of about 2-fold over baseline
occurs 8 h. CK levels are increased between 2 and 7 days, peak for 24 h and remains

increased for 48 h when subjects rest after eccentric exercise (Brancaccio et al., 2007).
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Normally, only CK-MM is present in the serum, but prolonged and strenuous
exercise can be increase the serum activity of all three CK-isoenzymes in the absence

of myocardial damage (Newham, 1988).

PREVENTION OF DOMS

The final goal of the way to relieving DOMS was being to restore maximal
function of the damaged muscles as rapidly as possible following strenuous eccentric
exercise; although these results are conflicting. To date, no treatment or intervention
has consistently reduced DOMS or its functional signs. These interventions can divided
into 3 parts: pharmacological treatments using non-steroidal anti-inflammatory drugs

(NSAIDs), nutritional supplements and therapeutic modalities (Connolly et al., 2003).

Nevertheless, cryotherapy and massage therapy have been interestingly shown
to be an effective, simple, convenient, non-expensive, non-invasive, and non-side effect

techniques for eliminating the functional signs of muscle damage.

CRYOTHERAPY

Scott et al. (2004) explained that “cryotherapy is the application of cold for
therapeutic goals. It is usually applied during the acute stage of trauma and is used to
diminish the undesirable effects of soft tissue injury by reducing the inflammatory
response, swelling, edema, haematoma and pain”. The effects of cryotherapy are
interesting to be a consequence of analgesia of the injured tissue, hypometabolism of
the tissue, and a decreased blood flow (i.e. vasoconstriction) and haematoma formation.
Several cryotherapy forms have been applied to treat DOMS not only ice massage, ice
pack, cryokinetic, and vapocoolant spray, but also cold water immersion has become in
a popularly applied muscle recovery way to help and control functional signs of DOMS

following intense eccentric exercise.
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Beneficial effects of cold water immersion (CWI) following eccentric exercise
have also been reported by Vaile et al. (2010) effects of cold water immersion (CWI) at
15°C for 15 min could be reduced on resting limb blood flow, rectal temperature and
repeated cycling performance in the heat in 10 endurance-trained male cyclists.
Crowley et al. (1991) demonstrated the effect of cooling the legs at 11.5-12.2°C for 30
minutes on performance in a standard Wingate test in 3 healthy male. The result showed
that peak power, average power output, and cumulated work to the point of fatigue
index were all decreased by cooling. Buchheit et al. (2009) expressed that 5 min of CWI
in 14°C significantly restored the impaired HR variability indexes observed after two

repeated supramaximal cycling exercises in 10 male cyclists.

Cryotherapy

Vasoconstriction

Decrease local blood flow & capillary permeability

4L Pain L1 swelling
|

ﬁlnﬂammation

Figure 2.2 Schematic showing possible effect of cryotherapy on inflammatory

muscle tissue injured responses (Scott et al., 2004)

Eston et al. (1999) found that 15°C for 15 min cold water immersion, immediately
after exercise and every 12 h for next 7 days, was greater on relaxed elbow angle and
lower on creatine kinase activity in the CWI group than the controls on days 2 and 3
following 8 sets of 5 maximal eccentric exercises of the elbow flexors. Vaile et al. (2008)
found that 14 min of 15°C cold water immersion was significantly enhanced on squat

jump performance and isometric force recovery at 48 and 72 h post leg press protocol
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in 38 strength trained males. Bailey et al. (2007) conducted that 10 min cold-water
immersion at 10°C was reduced muscle soreness at 1, 24, and 48 h, decrements in
MVC of the knee flexors at 24 and 48 h, and reduced myoglobin 1 h after exercise. But it
had no effect on the creatine kinase response following a 90-min intermittent shuttle run
in 20 males. Parouty et al. (2010) revealed that 5 min of cold water immersion (CWI) at
14°C was associated with decrease in peak HR, better in perceived of recovery, and
sprint times after 100-m swimming sprints in 10 well-trained swimmers. Ingram et al.
(2009) showed that cold-water immersion for 15 min resulted in significantly lower
muscle soreness ratings, as well as in reduced decrements to isometric leg extension
and flexion strength at 48 h, and also accelerated a more rapid return to baseline
repeated sprint performances following 80 min of a 20-m shuttle run test to exhaustion in

11 male athletes.

Rowsel et al. (2009) expressed that after 4™ match of soccer tournament, 15°C
cold water immersion was no significant reductions in countermovement jump height
and repeated sprint ability. The perceptions of leg soreness and general fatigue were
lower in the CWI group than the thermoneutral immersion group. Creatine kinase and
lactate dehydrogenase concentrations were no changes over time in 20 junior male
soccer players. Montgomery et al. (2008) found that 5x1 min of cold water immersion
was substantially better in maintaining 20-m acceleration with only a 0.5% after 3 days,
line-drill performance, and the smallest reduction in flexibility after a 3-day tournament
basketball competition in 29 male players. Peiffer et al. (2009) also investigated to
compare the effect of 5, 10 and 20 min of cold-water (14°C) immersion found that a
greater decrease in rectal and muscular temperature was showed in all CWI| compared
with control; however, muscle temperature was lower for the 10- and 20-min conditions
compared with 5 min, but no effect on isometric and isokinetic torque after 4 cycling
time-to-exhaustion trials in hot conditions in 12 cyclists. Similarly to, Skurvydas et al.
(2006) concluded that cold water immersion significantly accelerated the

disappearance of muscle pain and CK activity, quadriceps muscle voluntary contraction
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force, force evoked by electrical stimulation and jump height, except for low-frequency

fatigue after 100 drop jump (DJs) in 20 healthy untrained men.

However, cold water immersion has also been unsuccessful in alleviating muscle
soreness. Their studies have shown little or no reduction in the intensities of muscle
soreness or the acceleration recovery following eccentric activity. Sellwood et al. (2007)
determined that after 120% of 1 RM of knee extension eccentric exercise with their non-
dominant leg, there was a significant greater in pain on sit-to-stand at 24 h following
three 1-min cold-water immersions (5°C) in 40 untrained volunteers. Giuseppe et al.
(2007) tested effects of 5°C leg cold-water immersion for 15 min after speed agility
training in rugby players. After that, the athletes who performed active recovery followed
by cold-water immersion gave a nonsignificant result. Jakeman et al. (2009) found that a
single 10-min bout of cold-water immersion at 10°C was no significant between group
on plasma creatine kinase activity, perceived soreness and maximal voluntary
contraction of the quadriceps in 18 physically active female volunteers after 10 sets of
10 counter-movement jump. Howatson et al. (2009) elucidated that 12-min cold water
immersions (CWIs) at 15°C was no differences on maximum voluntary contraction,
soreness, creatine kinase, thigh girth and range of motion between the CWI and control
groups following two bouts of drop jump exercise separated by 14-21 days on the
repeated bout effect (RBE) in 16 males. Moreover, Goodall et al. (2008) showed that
repeated 12 min cold water immersions (CWIs) at 15 + 1 °C did not attenuate any of
maximal voluntary contraction of the knee extensors, creatine kinase activity, muscle

soreness, range of motion and limb girth following 100 drop jump exercise in 18 males.

Cryotherapy appears an attractive method to control the functional signs of
EIMD because it offers a quick, simple and convenient intervention. Actually, there are
many reports focused on applying cold water immersion following competition and

training in an attempt to enhance recovery of athletes. In contrast, the research involving
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effects of cryotherapy on muscle function and soreness is still equivocal, especially in

term of plyometric exercise form.

MASSAGE

Athletic muscle soreness and micro-injury is widely eliminated by massage
therapy and many athletes are convinced by its potential to help muscle soreness. A
lack of consistency in the literature about the effects and mechanisms of massage,
which it might be effective; however, there is most of evident base to support its in
reducing exercise-induced muscle soreness. These effects may be explained by
Pornratshanee (2005) “the physical disruption of neutrophil accumulation within muscle

and a consequent reduction in prostaglandin production”.

Massage

Local vasodilation

Increase local blood flow

TNutrition & neutrophils 1 Metabolism & waste T Pressure &
clearence Permeability
1T Inflammatory L1Pain soreness & L1 Local swelling

Figure 2.3 Schematic showing possible mechanisms of massage on delayed

onset of muscle soreness (Pornratshanee, 2005)

A particularly common massage technique for sport-related is Swedish
massage, which consists of effleurage, petrissage, friction, vibration, and percussion.
Attractively, one of the most efficient techniques for relieving DOMS is petrissage

massage. It is a sequence of compression and decompression exerted on muscular
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tissue in reducing muscle tone, local swelling, soreness sensation, and also providing
muscle blood flow. Which there are many sub-techniques e.g. kneading, picking up,

wringing, skin rolling, and compression.

Beneficial effects of various types of massage therapy following eccentric
exercise have been shown by Robertson et al. (2004) found that 20-min leg massage
was no main effect on blood lactate concentration, heart rate, maximum power or mean
power, but a significantly lower fatigue index after repeated Wingate cycling exercise
bouts in 9 male games players. Ogai et al. (2008) showed that recovery from measured
muscle stiffness and better on perceived lower limb fatigue during the second exercise
bout in 10-min petrissage massage group, but its not effect on blood lactate and total
power following intensive cycle pedaling for 5 s x 8 times in 11 healthy female students
actively engaged in sports. Morales et al. (2008) investigated that 40-min whole-body
massage (myofascial release) was similar to baseline levels in heart rate variability
(HRV) index, high-frequency values, whereas the HRV index and the high fatigue tended
to be lower in the placebo group. Likewise, diastolic BP returned to baseline levels in the
massage group followed by three Wingate tests in 62 healthy active. Willems et al.
(2009) expressed that after a 20 min downhill walk (speed: 6.4 km/h, gradient: —25%)),
DOMS was reduced by 25 min leg massage at 48 h post-exercise in the rectus femoris
and vastus lateralis but not in the vastus medialis and improved recovery in jumping

performance at 48 and 72 h post-exercise in 7 moderately active females.

Rhea et al. (2009) found that following resistance training and repeated sprints, it
identified a significantly lower level of perceived pain at all post workout among the
whole-body vibration (WBV) massage group in 16 untrained men. Hilbert et al. (2003)
expressed that it was no significant 20-min massage treatment differences for peak
torque, ROM, neutrophils, soreness, and mood. However, the intensity of soreness was
significantly lower at 48 h post 6 sets of 8 maximal eccentric contractions of the right

hamstring in 18 volunteers. Zainuddin et al. (2005) found that after eccentric exercise 10
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sets of 6 maximal isokinetic (90°/s) of the elbow flexors. 10-min massage group had
significant lower DOMS, peak value on plasma creatine kinase at 4 days post-exercise
and upper arm circumference at 3 and 4 days post-exercise than the control in 10
healthy subjects. Bakhtiary et al. (2007) showed that it decreased isometric maximum
voluntary contraction force, reduced pressure pain threshold and significantly increased
mean of DOMS and CK levels in the control group, compared to the vibration group (P =
0.001) after downhill walking at a speed of 4 km/h in 50 healthy persons. Hemmings et
al. (2000) found that after boxing exercise, there was no significant massage treatment
difference for performance, blood lactate or glucose after the second performance
compared with control group. However, the massage intervention significantly increased
perceptions of recovery (p<0.01) in 8 amateur boxers. Mancinelli et al. (2006) also
expressed that after 4" training day, it showed significant changes in vertical jump
displacement, perceived soreness (p<0.01) and algometer readings for the effleurage,

petrissage and vibration massage group in 22 women collegiate athletes.

However, some researches have reported no significant beneficial effects of
massage treatments on DOMS. These studies have shown no difference in soreness
levels or force generation following massage treatment. It has been suggested that the
inconsistency in research findings may be attributed to the large variety of massage
techniques and massage therapists (Pornratshanee et al, 2005). Micklewright (2009)
showed that VAS scores of soft tissue release (STR) group were higher immediately (p <
0.01) and 48 h after treatment (p < 0.005). There were no between-group differences on
relaxed joint angle, active range of motion, passive range of motion, and arm girth.
Moreover none of the variables returned to baseline levels after stimulating by 4 x 20
eccentric elbow extensions at 80% of 1RM in 20 male. Hart et al. (2005) determined that
sport massage did not reduce girth of triceps surae muscle (2, 4, 6, and 8 inches below
the knee joint line) or any pain in the lower leg after eccentric exercise at 90% of 1 RM
within 72 h in 19 healthy subjects. Farr et al. (2002) showed that isokinetic strength at

60°/s and vertical jump height were significantly lower for the 30-min received massage
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limb at 1 and 24 h post-walk and no significant differences in muscle soreness,
tenderness, and isometric strength following 40-min downhill treadmill walk loaded with
10% of their body mass in 8 male subjects. Dawson et al. (2004) found that repeated
30-min massage therapy on days 1, 4, 8, and 11 post-race did not affect the recovery of
muscles in strength, swelling, or soreness following a half marathon (21.1 km) in 12

recreational runners.

To date, the majority of the massage evidence being effective in alleviating
muscle soreness, although its effect is still unclear and inconsistency on muscle function
and performance. In this part may be according to methodological limitations in the
previous literature, (e.g. inadequate therapist training, different massage techniques
used, insufficient duration of treatment, small sample size, and had not any research
about the effect of massage following the plyometric exercise form) that have been

focused.

CONCLUSION

Recently, cold-water immersion and massage were found to decrease the
functional signs and aching pain associated with DOMS in the lower extremity following
eccentric exercise. However, research concerning these modality is limited, unclear,
variation of method protocol, and used small sample sizes, which limited the statistical
power. There are no reported studies that have examined the comparison effects
between cold-water immersion and massage on the functional signs of DOMS following
eccentric based activity, especially in plyometric exercise form. Therefore, continued
research needs to be investigated the effectiveness of cold-water immersion and
massage intervention on the functional signs and perception of soreness following
exercise-induced muscle damage (i.e. plyometric exercise) in the lower extremity
around hot climate. By the way, the cold-water immersion is a popular, convenient, a low

cost and a simple way with advocated by hydrostatic pressure principle and the
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massage one is an effective optional way, but it was influentially applied the action by

masseur performance.

The results of this investigation provide additional information about effects of
cold-water immersion and massage on DOMS and its functional signs following
eccentric exercise. An effective method of treating DOMS would accelerate the return of
individuals to activity in sports and application to promote athletic performance, who has

done the same as a training program likes this protocol.



CHAPTER llI
RESEARCH METHODOLOGY

3.1 Research design

This study was controlled trial human experimental research. It was designed to
examine effects of cryotherapy and petrissage massage on functional signs of delayed
onset of muscle soreness of knee extensors following stimulated plyometric exercise in
Thai male in accordance with a defined protocol on which all participants were
examined 5 days: a pre-test prior to the exercise, at 24, 48, 72 and 96 h after plyometric

exercise.

3.2 Population

In this study, the target population was active Thai male ranging in age from 17
to 25 years. The study samples were recruited according to the following criteria. These
recruited male volunteers were sports sciences student in Burapha University and they

consented to participate in the study.

3.2.1 Screening

Participants aged between 17 and 25 years old with no certified diseases or
conditions listed in the exclusion criteria completed written informed consent. All
volunteers were initially contacted by telephone to determine their eligibility before being
recruited in the study. After the screening process, 45 male volunteers were eligible and

all of them remained to complete the study.

Inclusion criteria

1. Healthy Thai male aged between 17 and 25 years.
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2. Participants did not perform resistance/plyometric exercise regularly at
least 3 months before investigation.

3. All participants were healthy and had no injuries before joining the
study.

4. Participants had normal reference ranges of body mass index (BMI)
20-24.9 kg/m’.

5. Participants had skinfold thickness of knee extensor muscle group <
20 mm.

6. Volunteers signed the consent form to become participants.

Exclusion criteria

1. The participants were sick or injured.

2. Participants had a problem associated with neuromuscular or skeletal
in lower extremities.

3. Participants were not joining in sports, such as basketball, volleyball,
rugby, and athlete.

4. Participants had limitation or contraindication for received massage
therapy or cryotherapy from underlying disease such as diabetes with peripheral
neuropathy, and Raynaud’s disease.

5. Participants were not purely voluntary.

6. Participants were absent from investigation more than 20%.
3.3 Sample

3.3.1 Sampling technique

This study used purposive sampling technique and restricted randomization
(block of nine) was used to equally categorize participants into 3 groups: cold-water

immersion group (CWI), petrissage massage group (MAS), and control group (CON).
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3.3.2 Sample size determination

Sample size determination of this investigation was derived from sample size
calculation of Mancinelli C.A. et al. (2006), which studied female athletes divided into 2
groups: massage group with 11 women, and control group with 11 women. According to
muscle soreness rating test, the massage group had a mean of muscle soreness rating
at 4" day training period equaled 3 + 1 cm and the control group had a mean of muscle
soreness rating equaled 5 £ 1 cm. And other resulting of vertical jump height, and
shuttle run time test of these 2 groups are in the same as levels. More another one study
of Jeremy | et al. (2009), which studied male athletes divided into 2 groups: cold-water
immersion group, and control group. According to muscle soreness rating test, the
cryotherapy group had a mean of muscle soreness rating after training period equaled 4
+ 1 cm and the control group had a mean of muscle soreness rating after training period
equaled 5 + 1 cm. And other resulting of repeated sprint ability and strength test of
these 2 groups are in the same as level. Therefore, sample size of this study could be

calculated from clinical controlled trials formula (three means) as shown below:

Formula n/ group =22 s*/d* + 1
a = 0.05
B = 0.20 (power of statistic = 80%)
s© = within group standard deviation
d = mean differentiation of muscle pain scale between

massage and cold-water immersion group/control group = 1 mm

Substitute all variables
n/ group =22 (1?)/ (1?+1)

=11 persons


http://www.jerrydallal.com/LHSP/SIZECALC.HTM
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n for each group will be 11 persons. To prevent drop out rate during the
experiment and detect more reliability, participants will be added for more 30 %. Totally,

participants are 15 persons for each group- 3 groups in this investigation.

3.4 Instruments
1. Case record form

2. Height measuring board

w

. Weighing apparatus (TANITA BF-700, Japan)
. Skinfold caliper (Lange)
. Stopwatch (JS-609, FBT”, China)

4
5
6. Box jump height 60 cm
7. Massage mat
8. Towels
9. Metronome (AM-705, AROMA digital metronome, China)

10. Body lotion

11. Total creatine kinase Analyser (Olympus CK-NAC, O’ Callaghan’s Mills, Co.,
Clare, Ireland)

12. 70% alcohol/ Cotton/ Plaster

13. Anthropometric tape measure (Butterfly Products, China)

14. Marking pen

15. Goniometer (Mahidol University Products, Bangkok, Thailand)

16. Isometric dynamometer (Hydraulic Push-Pull Dynamometer, Baselines
Evaluation Instruments, White Plains, New York, USA)

17. Back-leg isometric dynamometer (Takei A5102, Takei Scientific Instruments
Co., Ltd., Akiha-Ku, Japan)

18. Vertical jump measurement (Yardstick, Swift Yardstick, Australia)

19. Mercury thermometer

20. Crushed ice/ water

21. lce bath/ ice bucket
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22. 10 ml syringe (SS+10S6, Terumo Corporation, Tokyo, Japan)
23. 13 x 75 mm blood clot tube

24. 22 x 1.5 inch disposable Needle (AH2138, Nipro Corporation, Osaka, Japan)

3.5 Outcome measurements

The assessments of this research were separated into 6 variables; serum
creatine kinase analysis, soreness sensation assessment, thigh circumference, range of
motion, strength test and vertical jump performance. These variables were measured 7
times; immediately before exercise, immediately after exercise, after 15-20 min
intervention, 24, 48, 72 and 96 h after exercise, but serum creatine kinase was only
measured 6 times; immediately before exercise, after exercise, 24, 48, 72 and 96 h after

exercise.

3.5.1 Participants preparation

All participants were asked to refrain from caffeine, alcohol, vigorous physical
activity 24 h prior to each test session. In addition, food was not allowed within 2 h prior
to testing. Upon arrival to the laboratory, weight, height, and skinfold thickness of knee
extensors group were recorded. Comfortable clothing should be worn, and participants
were instructed to wear the shoes and socks for all test sessions. Then participants were
explained, demonstrated and familiarized to all test procedures and experimental

protocols.

3.5.2 Standard measurements

Measurements of height and weight provide baseline characteristics of the
participants. The following procedures were performed and baseline characteristics of

the participants were recorded.
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Standing height: The participants were standing bare feet with the heels together, and
then stretching upward to the fullest extent. Heels, buttocks, and upper back were
touching a wall. The chin was kept in the eye level. Measurement was recorded in
centimeters.

Weight: Weight was recorded with the individual wearing comfortable clothing and no
shoes. Weight was recorded in kilograms.

Body mass index: The BMI, is used to assess weight relative to height and is calculated

by dividing body weight in kilograms by height in squared meters (kg-m'z).

3.5.3 Serum creatine kinase analysis

Venipuncture was performed by a registered nurse at 6 time points; before,

immediately after the drop jump exercise protocol, and 24, 48, 72, 96 h after exercise.

Five milliliters of whole blood sample from the antecubital vein were collected via
puncture and immediately careful transferred to blood clot tube for minimized
haemolysis, then were stored at 2-8°C in foam box for light protection and transferred to
Chonburi RIA Laboratory within 12 h after blood collection for assay of serum creatine

kinase.

The assays were using an automated kinetic UV test (OLYMPUS CK-NAC
Analyser, O’ Callaghan’s Mills Co., Clare, Ireland). The normal reference ranges of
serum CK using this method are 55-170 U/L, and the assay can accurately detect value
between 10 and 2000 U/L. The intra-sample co-efficient of variation (CV) for the analyzer

at lower and higher concentrations of CK was <3%.

3.5.4 Soreness sensation assessment

A 100 mm visual analogue scale (VAS) was used for rating muscle soreness by

participants (Figure 3.1) with the far-left border representing ‘no pain/soreness’ and the
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far-right border representing ‘extremely painful/soreness’ that they felt on knee extensors
muscle group for these activities; standing, passive quadriceps stretch, quadriceps

isometric strength test and vertical jump test of non- dominant leg. Distance from the left
border of the line (0) to the marked point was measured in millimeters, and this value

was used for the analysis.

No pain/soreness Extremely pain

Fig 3.1 Visual analog scale for perceived soreness assessment

3.5.5 Thigh circumference (swelling assessment) (Figure 3.2)

The two measurements of mid-thigh circumferences of the non-dominant leg
were determined mid-way between the inguinal crease and the superior border of the
patella (represented mid-belly of rectus femoris muscle point) and above 5 cm of
superior pole of the patella (represented musculotendinous junction point of knee
extensors muscle group) with alternately measured between two position points using
an anthropometric tape measure (Butterfly Products, China). The skin was marked with a
semi permanent marker for consistency on subsequent days. The mean of three

measures each position was used for data analysis.

Fig 3.2 Thigh circumference measurements for swelling assessment
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3.5.6 Range of motion (ROM) - knee flexion (muscle stiffness assessment)

Participants laid prone on a couch, and were asked to perform full active flexion
at the knee joint of the non-dominant leg. The knee joint angle (Figure 3.3) was
determined between the lateral epicondyle of the femur, lateral malleous of fibula and
greater trochanter (Howason & Goodall, 2009) using a goniometer (Mahidol University

Products, Bangkok, Thailand).

These bony landmarks were marked on the initial day of testing with a semi
permanent pen to ensure consistency on subsequent days. The mean of three

measurements were used for data analysis.

Fig 3.3 ROM measurement for muscle stiffness assessment

3.5.7 Isometric strength test

Quadriceps muscle strength (Figure 3.4) of participants was examined while
they were performing maximum isometric contraction by using Baseline Hydraulic Push-
Pull Handheld Dynamometer with analog gauge (White Plains, New York, USA); a unit of
measurement is Kg. This dynamometer registers 0.0 to 22.5 kg with a precision of 0.5 kg

and accuracy is £ 1 % at 25-75 % scale, + 2 % at 0-25 % and 75-100% scale.
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1. Participants performed static stretching exercise for quadriceps muscle,
hamstring muscle and gastrocnemius muscle for 1 minutes and jogging for 1 minute
before the test.

2. Participants performed the test in sitting position; that is, they sat and leaned
back against seatback tilt at 90° and non-dominant knee flexed at 90° while their thighs
and hip were fasten by seat belts. While performing the test, participants were required
to fold their arms in order to prevent compensation movement.

3. The same seat and this position were set for all of tests.

4. Participants performed slowly and smoothly a maximal leg extension effort
exerted against a stationary push-pull dynamometer while the tester kneeled and
stabilized tester’s right elbow against tester’s right anterior superior iliac spine to assist
tester in stabilizing the dynamometer perpendicular to the tested limb segment. A small
towel was folded and placed above 1 cm of the non-dominant ankle side to provide
cushioning from the large padded circular dynamometer s force plate. For each
maximal contraction was held for 4 seconds. (Protocol adopted from Dunn et al., 2003;
Andrews et al. 1996, Bohannon, 1986; Turner et al., 2009)

5. Verbal encouragements were provided for participants to produce maximum
efforts. Before the test was begun, participant received instructions about procedures
and was requested to perform a single practice trial to ensure each participant
understood the commands.

6. Participants performed 3 trials of knee extension of non-dominant side and
rested 30 seconds during each trial. Dial continuously shows instantaneous force and
holds the maximum force reading by an axle arrow. This maximum reading should be
manually recorded prior to resetting for the next test.

7. The best strength of quadriceps muscle was recorded in Kg. And the total

force values were normalized based on body weight (weight normalized) in kg/BW.
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Fig 3.4 Quadriceps isometric strength test

Leg isometric strength (Figure 3.5) of participants was tested by using Back-leg
dynamometer; a unit of measurement is also Kg. This dynamometer registers 0.0 to 300
kg with a precision of 0.5 kg. This test was applied after quadriceps isometric strength

test.

1. Participants stood on a base of equipment with their feet apart at a
comfortable distance of shoulder width for their balance. Their hands grasped each end
of a bar. The participant was asked to flex their knees approximately 135°. The back
was kept straight beside the wall and the hips were positioned directly over the ankle
joints for the activation of back muscles was limited. The chest was kept forward and the
head was kept in an erected position. The participant attempted to extend their knees
smoothly and as forcefully as possible. (Protocol from Ayse et al., 2005)

2. Three trials were done and the best score was recorded and rested 15

seconds between trials.
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Fig 3.5 Leg isometric strength test

3.5.8 Vertical jump performance

Vertical jump displacement (Figure 3.6) was assessed using a device known as
the Yardstick, (Swift Yardstick, Australia).The participants stood directly under the
Yardstick with the dominant upper extremity, reaching upward with the shoulder fully
flexed and elbow, wrist, and fingers extended. The horizontal bar touched by the tip of
the long finger determined the highest baseline vertical reach of the participant. They
were then asked to jump as high as he could without taking a step, touching the highest

bar possible. Flexing the knees and free arm swing were used before the jump.

Vertical reach was subtracted from the jump height and the difference was used
to represent vertical jump performance. Three trials were performed for each participant

and the best vertical jump displacement was recorded.
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Fig 3.6 Vertical jump test

3.5.9 Test-retest reliability for measurements

Test- retest reliability was established by determining an instrument’s capability
of measuring a variable with consistency. The reliability data collected from the 15
participants (mean age of 20.3 + 1.4 years) for the two pre-exercise measurements
taken during the familiarization one and before drop jump exercise. The same
investigator and period took all the measurements. Testing in present study revealed
intraclass correlation coefficient (ICC) = 0.998, 0.997, 0.987, 0.825, 0.903, and 0.986 for
thigh circumference at mid-belly point, thigh circumference at musculotendinous
junction point, range of motion, quadriceps isometric strength, leg isometric strength,

and vertical jump test respectively.

3.6 Exercise- induced muscle damage protocol (i.e. drop jump exercise) (Figure 3.7)

Muscle damage was induced through the use of a drop jump protocol similar to

that used by Miyama & Nosaka (2004), Goodall et al (2008), Howatson et al (2009).
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1. All participants were demonstrated the required technique before the
plyometric exercise protocol and were coached during the protocol to ensure proper
technique and maximal effort were maintained throughout. Upon this time temperature
of the environment was recorded.

2. Participants stood in training shoes and dropped from a 60 cm box and upon
landing jumped up maximally, landing on the same surface. Five sets of twenty drop
jump (100 drop jump) were performed on a concrete based floor, in time with a set of
recorded beeps allowing 10 seconds rest between each jump and 2 minutes rest

between each set.

Fig 3.7 Drop jump exercise

3.7 Intervention programs

3.7.1 Cold water immersion (Figure 3.8) (modified from Howatson et al., 2008/2009)

Participants were submerged (to the iliac crest for taking the hydrostatic
pressure) in an inflatable ice bath for a period of 20 min wearing short trousers and their
legs were kept apart in the cold water to ensure a maximum surface area exposure
within 10-15 min after the plyometric exercise. The temperature of the water was
maintained at 15 + 1°C by adding crushed ice. Although there are no recorded
recommendations based on practical evidence for the duration and temperature of CWI

application. One recommendation (Meeusen and Lievens, 1986) was that a drop in
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intramuscular temperature of 5-10°C was necessary for the treatment to be of any
benefit, which suggested that a similar temperature and duration to that used in this

investigation may be sufficient to achieve this cooling effect.

Fig 3.8 Cold water immersion

3.7.2 Petrissage massage (Figure 3.9) (modified from Ogai et al., 2008)

Petrissage was applied as massage technique for 20 min within 10-15 min after
the plyometric exercise of knee extensor muscle group of both legs by physical
therapist or a senior sports science student. The Petrissage technique was divided into
3 sub-techniques; compression (5 minutes), picking-up (5 minutes), skin rolling (5
minutes) ,and finishing with compression (5 minutes). For each stroke the treatment
consisted of a sequence of 12 strokes within 1 min by listening the metronome rhythm (5
seconds/stroke) direction from distal (above patella) to proximal (hip joint). To ensure
that intensity of massage pressure remained above pain threshold, the therapist
intermittently asked the participants feedback about sensations of pain or displeasure. A
small amount of body lotion and some water were applied to the participant’s leg as a

lubricant before and during receiving petrissage massage treatment.

Fig 3.9 Petrissage massage
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3.7.3 Rest control

Participants remained long seated for 20 min within 10-15 min after the
plyometric exercise. During this time, participants did not perform any stretching or cool

down activities.

3.8 Data Analysis

The results were shown as mean, mean difference and standard deviation

(S.D.). All data were analyzed using statistical method as follows.

1. All data were tested for normality before analysis.

2. Descriptive statistics (age, weight, height, weekly exercise day, and the
baseline of serum creatine kinase, ROM, strength, thigh girth & vertical jump height )
were used for baseline calculation and one-way ANOVA analysis was used for baseline
comparison between groups; Post Hoc Multiple Comparisons with Tukey. For baseline
comparison between groups of non-parametric data were analyzed by Kruskal-
Wallis Test.

3. The results of strength, ROM, thigh girth and vertical jump height were
transformed to relative percentages change from baseline in order to decrease inter-
subject variation.

4. The comparison of the differences of serum creatine kinase, soreness
sensation and relative % change of thigh circumference, range of motion, strength and
vertical jump performance between cold-water immersion group, petrissage massage
group, and control group were done by two-way repeated-measure ANOVA (7 time x 3
group), for the treatment between subject factor. Post Hoc Multiple Comparisons with
Bonferroni were conducted following significant times effects to determine differences
between times and treatments for parametric variables and by using Kruskal-Wallis Test

and Mann-Whitney U tests for non-parametric variables.
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5. To determine the effects of each intervention, changes in serum creatine
kinase, soreness sensation and relative % change of thigh circumference, range of
motion, strength and vertical jump performance were analyzed by two-way repeated-
measure ANOVA (7 time x 3 group), using time as the within-subjects factors for
normative data, and by Friedman test and Wilcoxon's signed ranks tests for non-
parametric data between baseline and the subsequent reassessments.

6. Intraclass correlation coefficients (ICC) were used to determine an
instrument’s capability of measuring a variable with consistency for thigh circumference,
range of motion, quadriceps isometric strength, leg isometric strength, and vertical jump

test.

An alpha level of 0.05 was used to determine statistical significance. All
statistical analysis was performed by using Statistic Package for the Social Sciences

(SPSS for Window version 16.0, Chicago, IL, USA).



CHAPTER IV
RESULTS

Characteristics of participants

Forty-five eligible male volunteers were recruited according to the following
criteria and categorized into 3 groups of 15, i.e. cold-water immersion group (CWI),
petrissage massage group (MAS), and control group (CON). No participants dropped

out of this investigation. Therefore, all of 45 males were remained in this investigation.

Baseline characteristics of the participants were shown in Table 4.1. The age of
45 participants ranged from 19 to 22 years, mean age of cold-water immersion,
massage and control groups were 20.2 £ 0.9 years, 20.3 £ 1.4 years and 214 £ 0.5

years respectively. BMI of all participants were in a normal reference range.

DOMS after plyometric exercise

The drop jump exercise protocol was successful in producing DOMS as
indicated by the significant changes from baseline to 24-48 h in pain with passive
stretch (p<0.05 for 3 groups), pain with maximal isometric contraction (p<0.05 for 3
groups), pain with standing (p<0.05 for CWI, CON), pain with vertical jump (p<0.05 for
CWI, CON), serum CK, muscle strength, ROM, and vertical jump test (p<0.05 for 3
groups) (Table 4.2-4.12).

Creatine kinase activity

Serum CK data were shown in mean + SD (Table 4.2). There was a significant
main effect of time on CK activity (p <0.05) that CK activity showed significant

differences at any time points from baseline. No difference between groups was found
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on CK activity. The CK activity of 3 groups followed a similar temporal pattern, peaking

at 24 h after plyometric exercise, and returning to baseline value at 48 h (Figure 4.1).

Table 4.1 Baseline characteristics of participants

Characteristics Control (CON) | Cryotherapy Massage
(n=15) (CWI) (n=15) | (MAS) (n=15)

Age (years) 21.4+0.5 20.2+0.9 203+1.4
Height (m) 1.74 £ 0.1 1.72 £ 0.1 1.73+£0.1
Body mass (kg) 69.8 +10.9 63.2+6.7 65.7 + 8.6
BMI (kg/m?) 23+2.7 213+ 1.4 2+27
Weekly exercise sessions (n) 3.4+2.0 3.7+1.8 39+1.8
MVC (kg) 159122 149+1.7 15.7+£1.0
Leg Strength (kg) 204.9 £ 22.3 239+ 211 228.6 £ 29.1
Vertical jump height (cm) 51.7+5.6 57.8+6.8 57.0+4.6
TC mid-belly (cm) 54.6 £5.7 53.3£3.3 547+ 4.4
TC musculotendinous (cm) 43.1+4.3 41.3+3.0 42.3+3.0
Range of motion (°) 128.2+ 2.6 129.7 £ 0.8 128.3+ 4.5
Serum Creatine kinase (U/L) 314.6 £ 232.4 | 318.5+£494.9 299.8 £ 299.3

Values are Mean £ SD. BMI, body mass index; MVC, maximal voluntary contraction; TC,

thigh circumference

Table 4.2 Comparison of serum creatine kinase activity between cryotherapy (CWI)

group, massage (MAS) group and control (CON) group

Serum creatine kinase (U/L)

Time Control (CON) | Cryotherapy (CWI) Massage (MAS)
(n=15) (n=15) (n=15)
baseline 314.6 £ 232.4 318.5+494.9 299.8 + 299.3




Table 4.2 (Cont.)
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Time

Serum creatine kinase (U/L)

Control (CON)
(n=15)

Cryotherapy (CWI)
(n=15)

Massage (MAS)
(n=15)

immediate after EIMD

352.9+ 253.5"

362.4 +554.9"

333.1 + 344.9"

24 h after EIMD

597.9 + 362.3"

4706 + 524.5"

4223 +386.9"

48 h after EIMD

439.6 + 258.0"

375.5+489.1"

357.6 + 313.6

72 h after EIMD

3772+ 2425

343.7 + 494 8"

320.9 + 298.6"

96 h after EIMD

343.5+233.0"

330.7 + 492.5'

306.9 + 302.3"

Values are Mean + SD. EIMD, exercise induced muscle damage (i.e. drop jump
exercise)
T Significant time difference from baseline for 3 groups by Friedman test and Wilcoxon’s

signed ranks tests (p < 0.05).

Figure 4.1 Mean serum creatine kinase (CK) activity for the cryotherapy (CWI A, n=15),
massage (MAS 0O, n=15) and control (CON o, n=15) groups after the damaging

plyometric exercise.
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Soreness sensation

Soreness sensation assessment by VAS data were shown in mean = SD. A
significant main effect of time and difference between assigned groups on perceived
soreness with standing, with passive quadriceps stretch, with MVC and with VJ (p<0.05)
was observed (Table 4.3-4.6).

Soreness sensation of three groups were demonstrated a similar pattern
immediately increased intensity after the exercise, peaked at 24 h after exercise-
especially perceived soreness with passive quadriceps stretch and VJ, then they were
gradually decreased into baseline level, especially completely full recovery for MAS

group (Figure 4.2-4.5).

Table 4.3 Comparison of perceived soreness (0-100 mm) with standing between

cryotherapy (CWI) group, massage (MAS) group and control (CON) group

VAS (mm) of perceived soreness with standing
Time Control (CON) Cryotherapy (CWI) Massage (MAS)
(n=15) (n=15) (n=15)
Baseline 0+05 0+0.0 0+0.0
immediate after EIMD 12+9.8™ 4+83™ 1422
after 20 min treatment 7+84" 3+4.4' 14 +24.1"
24 h after EIMD 19+13.5" 13+21.2" 10+£19.7"
48 h after EIMD 13 +11.3" 7477 12£29.5"
72 h after EIMD 7+7.3™ 2+45'™ 0+0.2"
96 h after EIMD 2+15" 0+0.7" 0+0.0°

Values are Mean + SD. VAS, visual analog score; EIMD, exercise induced muscle

damage (i.e. drop jump exercise)
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* Significant difference between CWI and CON groups by Kruskal-Wallis Test and Mann-
Whitney U tests (p < 0.05)

# Significant difference between MAS and CON groups by Kruskal-Wallis Test and
Mann-Whitney U tests (p < 0.05)

§ Significant difference between CWI and MAS groups by Kruskal-Wallis Test and
Mann-Whitney U tests (p < 0.05)

1 Significant time difference from baseline by Friedman test and Wilcoxon’s signed

ranks tests (p < 0.05)

Figure 4.2 Mean perceived soreness with standing for the cryotherapy (CWI A, n=15),

massage (MAS O, n=15) and control (CON O, n=15) groups after the damaging

plyometric exercise.
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Table 4.4 Comparison of perceived soreness (0-100 mm) with passive quadriceps

stretch between cryotherapy (CWI) group, massage (MAS) group and control (CON)

group
VAS (mm) of perceived soreness with passive quadriceps
stretch
Time
Control (CON) Cryotherapy (CWI) Massage (MAS)
(n=15) (n=15) (n=15)
baseline 0+05 0+0.0 0+0.0
immediate after EIMD 10 + 12.3" 25+31.3" 13+16.7"
after 20 min treatment 14 +12.3" 18 +19.8" 21+26.5'
24 h after EIMD 28 +22.4" 29 +26.5' 22 +20.6'
48 h after EIMD 23 + 18.4" 22+ 225" 13 +25.4™
72 h after EIMD 16+12.7" 11+15.6' 7+11.1"
96 h after EIMD 5+4.0" 3+53" 1+22%

Values are Mean £ SD. VAS, visual analog score; EIMD, exercise induced muscle
damage (i.e. drop jump exercise)
# Significant difference between MAS and CON groups by Kruskal-Wallis Test and
Mann-Whitney U tests (p < 0.05)
§ Significant difference between CWI and MAS groups by Kruskal-Wallis Test and
Mann-Whitney U tests (p < 0.05)
T Significant time difference from baseline by Friedman test and Wilcoxon’s signed

ranks tests (p < 0.05)

Thigh circumferences (TC)

Thigh circumference measurements were expressed as mean + SD and relative

% change from baseline (Figure 4.6-4.7). There was a significant main effect of some

time points on TC at mid-belly of knee extensors muscle point (Table 4.7) and TC at
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musculotendinous junction point (Table 4.8) (p<0.05). TC at mid-belly point showed only
a significant increase in CON group when compared to CWI group (p<0.05) at 48 h after
exercise, and a significant decrease in MAS group when compared to CON group
(p<0.05) at 96 h after exercise, but no groups effect on TC at musculotendinous junction

point was found.

Figure 4.3 Mean perceived soreness with passive quadriceps stretch for the
cryotherapy (CWI A, n=15), massage (MAS O, n=15) and control (CON 0, n=15) groups

after the damaging plyometric exercise.
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Table 4.5 Comparison of perceived soreness (0-100 mm) with MVC between

cryotherapy (CWI) group, massage (MAS) group and control (CON) group

VAS (mm) of perceived soreness with MVC
Time Control (CON) Cryotherapy Massage (MAS)

(n=15) (CWI) (n=15) (n=15)

baseline 0+0.5 0+0.0 0+0.0

Immediate after EIMD 774" 6+9.8' 2+5.2"
after 20 min treatment 4+47" 9+19.7' 10+ 16.9"
24 h after EIMD 8+7.7" 19 +23.2" 11 +18.3"
48 h after EIMD 15+ 15.2" 15+22.1" 0+1.2%
72 h after EIMD 6+4.8" 6+7.5"° 0+0.0"
96 h after EIMD 2+15" 2+49" 0+0.0"

Values are mean + SD. VAS, visual analog score; MVC, maximal voluntary contraction;
EIMD, exercise induced muscle damage (i.e. drop jump exercise)

# Significant difference between MAS and CON groups by Kruskal-Wallis Test and
Mann-Whitney U tests (p < 0.05)

§ Significant difference between CWI and MAS groups by Kruskal-Wallis Test and
Mann-Whitney U tests (p < 0.05)

T Significant time difference from baseline by Friedman test and Wilcoxon’s signed

ranks tests (p < 0.05)
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Figure 4.4 Mean perceived soreness with MVC for the cryotherapy (CWI A, n=15),

massage (MAS O, n=15) and control (CON 0O, n=15) groups after the damaging

plyometric exercise.

Table 4.6 Comparison of perceived soreness (0-100 mm) with VJ between cryotherapy

(CWI) group, massage (MAS) group and control (CON) group

VAS (mm) of perceived soreness with VJ

Time Control (CON) Cryotherapy (CWI) Massage (MAS)
(n=15) (n=15) (n=15)
Baseline 0+05 0+0.0 0+0.0

immediate after EIMD 13+13.6" 21+19.8" 2+6.0%
after 20 min treatment 7+7.9" 15+ 235" 7 +19.2%

24 h after EIMD 24 +12.7" 26 +28.3" 12£22.7%

48 h after EIMD 20 +14.7" 20 +27.1" 3+7.2°

72 h after EIMD 10+6.9" 10 +9.9" 0+0.0°

96 h after EIMD 3+1.8" 3+6.9" 1+3.0%
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Values are mean + SD. VAS, visual analog score; VJ, vertical jump; EIMD, exercise
induced muscle damage (i.e. drop jump exercise)

# Significant difference between MAS and CON groups by Kruskal-Wallis Test and
Mann-Whitney U tests (p < 0.05)

§ Significant difference between CWI and MAS groups by Kruskal-Wallis Test and
Mann-Whitney U tests (p < 0.05)

T Significant time difference from baseline by Friedman test and Wilcoxon’s signed

ranks tests (p < 0.05)

Figure 4.5 Mean perceived soreness with vertical jump for the cryotherapy (CWI A,

n=15), massage (MAS O, n=15) and control (CON 0, n=15) groups after the damaging

plyometric exercise.
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Table 4.7 Comparison of TC at mid-belly of rectus femoris muscle point between

cryotherapy (CWI) group, massage (MAS) group and control (CON) group

TC at mid-belly of rectus femoris muscle point (cm)
Time Control (CON) Cryotherapy (CWI) Massage (MAS)
(n=15) (n=15) (n=15)
baseline 54.6£5.7 53.3+3.3 54744
immediate after EIMD 556257 53.6 £3.4 54.8+£4.2
after 20 min treatment 546 £5.7 53.1+34 54541
24 h after EIMD 55.3+5.6' 53.7+3.6 549+4.3
48 h after EIMD 55.4 + 5.4 53.4 +3.7* 54.8+4.3
72 h after EIMD 55.0+5.7" 53.9%+3.6 546 4.6
96 h after EIMD 54.7 55" 53.4+3.9 54.0 + 4.4"

Values are Mean + SD. TC, thigh circumference; EIMD, exercise induced muscle
damage (i.e. drop jump exercise)

* Significant difference between CWI and CON groups by Kruskal-Wallis Test and Mann-
Whitney U tests (p < 0.05)

# Significant difference between MAS and CON groups by Kruskal-Wallis Test and
Mann-Whitney U tests (p < 0.05)

T Significant time difference from baseline by Friedman test and Wilcoxon’s signed

ranks tests (p < 0.05)
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Figure 4.6 Mean relative percentage change of TC at mid-belly point for the cryotherapy

(CWI A, n=15), massage (MAS 0O, n=15) and control (CON 0O, n=15) groups after the

damaging plyometric exercise.

Table 4.8 Comparison of TC at musculotendinous junction point between cryotherapy

(CWI) group, massage (MAS) group and control (CON) group

TC at musculotendinous junction point (cm)

Time Control (CON) Cryotherapy (CWI) | Massage (MAS)
(n=15) (n=15) (n=15)

baseline 43.1+4.3 41.3+3.0 42.3+3.0
immediate after EIMD 43.4+4.2 418+32 426+2.8'
after 20 min treatment 432+4.7 414+ 31 42.4 + 3.0
24 h after EIMD 433+ 4.4 414+35 426+2.8
48 h after EIMD 435+45 41.1+3.2 426+28"
72 h after EIMD 432+ 4.2 414+ 3.1 423+32
96 h after EIMD 431+ 4.7 40.8+3.1" 41.6+3.0"
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Values are Mean + SD. TC, thigh circumference; EIMD, exercise induced muscle
damage (i.e. drop jump exercise)
T Significant time difference from baseline by Friedman test and Wilcoxon’s signed

ranks tests (p < 0.05)

Figure 4.7 Mean relative percentage change of TC at musculotendinous junction point

for the cryotherapy (CWI A, n=15), massage (MAS O, n=15) and control (CON 0, n=15)

groups after the damaging plyometric exercise.

Range of motion (ROM)

Range of motion (ROM) was expressed as mean + SD and relative % change
from baseline (Figure 4.8). All three groups there was a significant main effect of time
(p<0.05) on ROM (Table 4.9), which they showed significant difference at any time
points from baseline, but ROM were increased into baseline level after EIMD 96 h for 3
groups (p>0.05). They showed a significant greater on ROM in CWI compared with

CON groups at 20 min post treatment, 24 and 48 h after exercise (p<0.05) and showed
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a significant greater on ROM in MAS compared with CON groups at 20 min post
treatment, 48 and 72 h after exercise (p<0.05). The ROM of 3 groups was showed a
similar pattern, the lowest at 24 h after plyometric exercise, and returning to baseline
value at 48 h which completely returned to baseline at 96 h after drop jump (p>0.05)
(Figure 4.8).

Table 4.9 Comparison of ROM between cryotherapy (CWI) group, massage (MAS)

group and control (CON) group

ROM knee flexion (degrees)
Time Control (CON) Cryotherapy (CWI) | Massage (MAS)
(n=15) (n=15) (n=15)
baseline 130+ 2.6 130+ 0.8 130 + 4.5
immediate after EIMD 127 + 4.7 128 +1.0' 127 +5.0'
after 20 min treatment 125 + 3.8™" 128.3+ 1.5 1277 +46"
24 h after EIMD 1257 + 4.7 127.3+1.3™ 127.7+56'
48 h after EIMD 1247 + 4.0 128.3+1.0™ 128.3+56"
72 h after EIMD 127.7+36" 129+ 0.8' 130 + 4.7"
96 h after EIMD 130 + 2.8 130+ 0.8 130 + 4.7

Values are Mean = SD. ROM, range of motion; EIMD, exercise induced muscle damage
(i.e. drop jump exercise)

* Significant difference between CWI and CON groups by Kruskal-Wallis Test and Mann-
Whitney U tests (p < 0.05)

# Significant difference between MAS and CON groups by Kruskal-Wallis Test and
Mann-Whitney U tests (p < 0.05)

T Significant time difference from baseline by Friedman test and Wilcoxon’s signed

ranks tests (p < 0.05)
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Figure 4.8 Mean relative percentage change in ROM of knee flexion for the cryotherapy
(CWI A, n=15), massage (MAS 0O, n=15) and control (CON 0O, n=15) groups after the

damaging plyometric exercise.

Maximal voluntary contraction (MVC) of knee extensors isometric strength

Kilogram per bodyweight (Table 4.10) and relative % change from baseline
(Figure 4.9) of maximal voluntary contraction (MVC) represented to knee extensors
isometric strength test. All three groups there was a significant main effect of time
(p<0.05) on knee extensors isometric strength. They showed a significant greater on
MVC in CON compared with CWI groups at 20 min post treatment and 24 h after
exercise (p<0.05) and showed a significant greater on MVC in MAS compared with CWI

groups at immediately post-exercise & treatment and 24 h after exercise (p<0.05).

The MVC of knee extensors of 3 groups was showed the lowest percentage

decrement at 20 min post-treatment, 24, and 48 h from baseline measures for the CWI,
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MAS and CON group was 70%, 84% and 78% respectively (Figure 4.9), and returning to

baseline value at 48 h.

Table 4.10 Comparison of MVC of knee extensors between cryotherapy (CWI) group,

massage (MAS) group and control (CON) group

MVC of knee extensors (kg/BW)
Time Control (CON) Cryotherapy (CWI) | Massage (MAS)
(n=15) (n=15) (n=15)

baseline 0.23+£0.03 0.24 +0.04 0.24 +0.03
immediate after EIMD 0.19 +0.05" 0.18 + 0.03" 0.21+0.02"
after 20 min treatment 0.20 +0.03" 0.16 + 0.03™* 0.21 +0.03"
24 h after EIMD 0.20 +0.04™ 0.18 + 0.03™* 0.20 +0.03"
48 h after EIMD 0.18 +0.04' 0.19 + 0.04' 0.21 +0.03'
72 h after EIMD 0.20 + 0.04' 0.20 + 0.04' 0.22 +0.03'
96 h after EIMD 0.22 +0.04" 0.22 +0.04" 0.23 +0.03'

Values are Mean = SD. EIMD, exercise induced muscle damage (i.e. drop jump
exercise)

* Significant difference between CWI and CON groups by Kruskal-Wallis Test and Mann-
Whitney U tests (p < 0.05)

§ Significant difference between CWI and MAS groups by Kruskal-Wallis Test and
Mann-Whitney U tests (p < 0.05)

T Significant time difference from baseline by Friedman test and Wilcoxon’s signed

ranks tests (p < 0.05)

Leg isometric strength

Kilogram per bodyweight (Table 4.11) and relative % change from baseline

(Figure 4.10) of leg isometric strength test expressed in this part. There was a significant
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main effect of any time point compared with baseline (p<0.05) on leg isometric strength.
Only a significant greater in CON compared with CWI and MAS groups were found on
leg isometric strength after treatment (p<0.05). A quite similar pattern in the leg
isometric strength of 3 groups could be observed, the lowest percentage decrement at
immediately post-exercise and treatment from baseline measures for the CWI, CON and
MAS group was 80%, 86% and 78% respectively (Figure 4.10), and returning to

baseline value at 48 h.

Figure 4.9 Mean relative percentage change in MVC of knee extensors muscle for the
cryotherapy (CWI A, n=15), massage (MAS O, n=15) and control (CON 0, n=15) groups

after the damaging plyometric exercise.
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Table 4.11 Comparison of leg isometric strength between cryotherapy (CWI) group,

massage (MAS) group and control (CON) group

Leg isometric strength (kg/BW)
Time Control (CON) Cryotherapy (CWI) | Massage (MAS)
(n=15) (n=15) (n=15)
baseline 2.99 + 0.4 3.80+0.3 3.49+0.3
immediate after EIMD 2.58+0.4" 3.04+05' 2.90+0.5'
after 20 min treatment 2.77 + 0.4™ 3.10+0.5™ 2.70 + 0.4"
24 h after EIMD 2.66+0.4" 3.28+0.3' 3.13+0.4'
48 h after EIMD 2.66+0.4' 3.39+0.3" 3.15+0.5'
72 h after EIMD 276 +0.3' 3.54+0.3" 3.32+04"
96 h after EIMD 2.96+0.4' 3.67+0.3" 3.42+04"

Values are Mean = SD. EIMD, exercise induced muscle damage (i.e. drop jump

exercise)

* Significant difference between CWI and CON groups by Kruskal-Wallis Test and Mann-

Whitney U tests (p < 0.05)

# Significant difference between MAS and CON groups by Kruskal-Wallis Test and

Mann-Whitney U tests (p < 0.05)

T Significant time difference from baseline by Friedman test and Wilcoxon’s signed

ranks tests (p < 0.05)
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Figure 4.10 Mean relative percentage change in leg strength for the cryotherapy (CWI

A, n=15), massage (MAS 0O, n=15) and control (CON 0O, n=15) groups after the

damaging plyometric exercise.

Vertical jump performance

Vertical jump performance was expressed as mean = SD (Table 4.12) and
relative % change from baseline (Figure 4.11). There was a significant main effect of all
time points compared with baseline (p<0.05) on vertical jump height. Only a significant
lower in CWI compared with MAS and CON groups were found on vertical jump
performance after treatment (p<0.05). The vertical jump height of 3 groups was showed
the lowest percentage decrement at 20 min post-treatment, 24, and 48 h from baseline
measures for the CWI, MAS and CON group was 80%, 92.5% and 92.8% respectively

(Figure 4.11), and returning to baseline value at 48 h.
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Table 4.12 Comparison of vertical jump height between cryotherapy (CWI) group,

massage (MAS) group and control (CON) group

Vertical jump height (cm)
Time Control (CON) Cryotherapy (CWI) Massage (MAS)
(n=15) (n=15) (n=15)

baseline 51.7+5.6 57.8+6.8 57.0+4.6
immediate after EIMD 50.1 +5.8" 53.8+4.5' 546+5.1"
after 20 min treatment 50.3 + 5.8' 46.2 +4.8™° 543+45"
24 h after EIMD 48.9+6.1" 53.1+6.7" 52.8+5.4"
48 h after EIMD 47.9+4.3" 53.7+6.7 53.9+4.8'
72 h after EIMD 49.0+5.6' 55.9+7.4" 559 +4.7"
96 h after EIMD 50.8 +5.9' 56.4 +6.5' 56.6 +4.5'

Values are Mean = SD. EIMD, exercise induced muscle damage (i.e. drop jump
exercise)

* Significant difference between CWI and CON groups by Kruskal-Wallis Test and Mann-
Whitney U tests (p < 0.05)

§ Significant difference between CWI and MAS groups by Kruskal-Wallis Test and
Mann-Whitney U tests (p < 0.05)

T Significant time difference from baseline by Friedman test and Wilcoxon’s signed

ranks tests (p < 0.05)
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Figure 4.11 Mean relative percentage change in vertical jump height for the cryotherapy

(CWI A, n=15), massage (MAS 0O, n=15) and control (CON 0O, n=15) groups after the

damaging plyometric exercise.

ACUTE TREATMENT EFFECT

After 20 min treatment of either petrissage massage or cold water immersion
(Table 4.13), higher VAS score was observed in the MAS group than the CWI group.
There was no significant change of muscle swelling in term of TC measurement among
all groups. Muscle stiffness in term of ROM were maintained in both MAS and CWI
groups while decrease ROM was observed in the CON group. MVC data demonstrated
the highest muscle strength in the MAS group. However, the highest decrease of muscle

strength was observed in the CWI group.
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DELAYED TREATMENT EFFECT

Twenty-four hours after EIMD, all data were collected and compared to the
baseline (pre-EIMD) for the delayed treatment effect (Table 4.14). Lower VAS score was
observed in the MAS group than the CWI group while no significant change of TC
measurement was observed in both groups. Both MAS and CWI groups demonstrated
the less decrease on ROM when compared to the CON group. MVC data demonstrated
the highest muscle strength in the MAS group. However, the highest decrease of muscle

strength was observed in the CWI group.

Table 4.13 The results of acute treatment effect on functional signs of DOMS*

*Data were collected at immediate after 20 min treatments. PASS, passive quadriceps
stretch; MVC, maximal voluntary contraction; VJ, vertical jump test; musculo.,

musculotedinous junction point

ﬁ, @: highest changes except highest score for VAS
G , @: the second change except the second score for VAS

@ = lowest changes except lowest score for VAS
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Table 4.14 The results of delayed treatment effect on functional signs of DOMS*

*Data were collected at 24 h post EIMD. CK, creatine kinase; MVC, maximal voluntary
contraction; VJ, vertical jump test; PASS, passive quadriceps stretch; musculo.,

musculotedinous junction point

ﬁ, @z highest changes except highest score for VAS

G : @z the second change except the second score for VAS

ﬁ = lowest changes except lowest score for VAS

TREATMENT EFFECT ON RECOVERY FROM DOMS

Recovery from DOMS in all groups (Table 4.15) were represented by data
collected at 96 h after EIMD. The petrissage massage treatment group demonstrated
fully recovery of soreness sensation assessment (VAS), muscle swelling (TC
measurement), muscle stiffness (ROM) and gradually recovery of functional muscle
strength (MVC, leg strength and VJ). However, the cold water immersion group showed

similar recovery on most of measurement except the pain score.
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Table 4.15 The results of functional signs recovery from DOMS after treatments*

Thigh
Visual analog scale STRENGTH Vertical
circumference Range of
GR. CK jump
MID- |muscuL| Meten hieght
STAND PASS MVC w MVC LEG
BELLY O.
CON (n=15)
48 h G 15 14 15 15 14 10 6 15 15 14 14
F 0] 1 0] (0] 1 5 9 0] (0] 1 1
72 h G 14 12 15 12 15 6 2 13 15 13 14
F 1 3 0 3 0 9 13 2 0 2 1
96 h G 15 7 12 8 11 2 2 4 13 4 7
F 0] 8 3 7 4 13 13 11 2 11 8
CWI (n=15)
48 h G 15 10 15 11 12 4 4 11 14 15 12
F 0] 5 0] 4 3 11 11 4 1 0] 3
72 h G 15 5 13 11 13 7 6 9 14 15 9
F 0 10 2 4 2 8 9 6 1 0 6
96 h G 14 4 8 7 8 4 2 1 14 11 8
F 1 11 7 8 7 11 13 14 1 4 7
MAS (n=15)
48 h G 15 4 9 1 3 5 6 11 15 15 15
F (] 11 6 14 12 10 9 4 0] ] ]
72 h G 15 1 7 (0] (0] 1 5 6 14 15 9
F 0] 14 8 15 15 14 10 9 1 0] 6
96 h G 13 0] 1 (0] 1 1 2 3 13 12 6
F 2 15 14 15 14 14 13 12 2 3 9

*Data were collected at 48-96 h post EIMD. CK, creatine kinase; MVC, maximal
voluntary contraction; VJ, vertical jump test; PASS, passive quadriceps stretch;
musculo., musculotedinous junction point

G = gradually recover (2 80 % improvement to baseline), F = fully recover (2 100%

improvement to baseline)



CHAPTER V
DISCUSSION AND CONCLUSION

Forty five eligible healthy Thai male volunteers were recruited into 3 groups of
15, i.e., cold water immersion group (CWI), petrissage massage group (MAS) and
control group (CON) which showed on baseline characteristics (Table 4.1). After
performed 100 drop jump exercise, participants were given 20 min treatment within 10-
15 min after the exercise. Tests were measured 7 times; immediately before exercise,
immediately after exercise, after 15-20 min intervention, 24, 48, 72 and 96 h after

exercise.

Delayed onset of muscle soreness (DOMS) of knee extensors muscle group was
successfully stimulated by drop jump plyometric exercise in this study. The significant
time effects of variables such as serum CK and muscle soreness sensation
demonstrated the success in precipitating damage, which agree with previous studies
using the same protocol (Miyama and Nosaka, 2004; Goodall et al., 2008; Howatson et

al., 2009).

Serum total creatine kinase activity (CK), as a widely accepted blood marker of
muscle damage (Brancaccio, 2007) was used in this study. The baseline level of serum
CK of all groups were higher than the normal reference range of CK (i.e. 50-170 U/L)
when analysed by CK-NAC analyser. All participants in this study were sports science
students which might involved more daily physical activity than sedentary subjects.
Although they were asked not to perform resistance or plyometric exercise, their regular
activities may contribute to higher serum CK than sedentary persons. Serum CK in all 3
groups peaked at 24 h post-exercise and gradually declined to baseline at 96 h post-
exercise, but no significant difference was found between groups which was similar to
previous report by Miyama and Nosaka, 2004; Goodall et al., 2008; Howatson et al.,

2009. Moreover, participant’s lifestyle could not control about physical activity, amount
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of exercise, antioxidant food intake. The further study should focus on these
confounders within period the investigation which may bring them to living together in

the same place.

Soreness sensations assessed by visual analog scale (VAS) showed a similar
pattern immediately increased intensity after the exercise, peaked at 24-48 h after
exercise, then gradually decreased into baseline level, which consistent with previous
report (Howatson et al., 2009; 2008). VAS data from delayed treatment effect of CWI
group showed the highest muscle soreness score when performed passive quadriceps
stretching and vertical jump (i.e., elongation muscle activities which were the same as
inducing eccentric exercise activity) whereas the massage group had the lowest score.
It is unclear why pain increased in participants subjected to cold water immersion. The
cold water immersion group in this study may have experienced a significant painful
stimulus at the time of immersion. Interestingly, the perceived soreness in cold water
immersion group from acute intervention effect was shown less than in massage group.
Its result can be assumed that cold water give a positively subjective feeling more than
an action from massage to the participants and hydrostatic pressure from immersion
may be inhibitory mechanisms of neuromuscular function (Montgomery et al., 2008). On
the contrary, the petrissage massage would increase the blood circulation and also
possible to assume that massage assists in reduction macrophages at the damaged
muscle. Therefore the synthesis of prostaglandin E, would be reduced which leaded to
lesser pain (Smith, 1991; Fedorko, 2007). In comparison with other study (Howatson et
al., 2009; 2008), which have demonstrated mean VAS score of up to 100-120/200 mm
after exercise with 100 drop jump plyometric protocol. For example, the control group in
this study expressed only a maximum of 28/100 mm, the cold water immersion group a
maximum of 29/100 mm, and the massage group a maximum of 22/100 mm of pain (with
passive quadriceps stretch at 24 h). The pain experience is determined by both
physiological and psychological influences, and the meaning or context that a subject

attaches to a particular stimulus can influenced the low interpretation score of soreness
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sensation that were shown in this study. The further study should make sure for
participant interpretation score of pain assessment which may use simple descriptive

intensity scale assessment then were converted to visual analog scale for data analysis.

Exercise-induced muscle tissue injury leads to an influx of fluid and an elevation
of intramuscular pressure. The modalities that promote fluid movement away from the
muscle, would be expected to result in less soreness sensation and improved physical
performance. The result showed that no group effect on thigh circumference was
observed in this study. Accordingly, both treatments had no effect to reduce some
swelling of the damaged muscle, as a result that has been demonstrated in previous
reports (Sellwood et al., 2007; Howatson et al., 2009; 2008). It might be considered that
the intervention was unsuccessful to bring about these vascular changes or the
decreasing movement of the waste and fluid of blood circulation into the interstitial

space from the exercise induced inflammation (Connolly et al., 2003).

In contrast to previous studies using the same exercise protocol (Miyama and
Nosaka, 2004; Goodall et al., 2008; Howatson et al., 2009), this study demonstrated a
significant greater on range of motion (ROM) in cold water immersion, massage
compared to control group. Therefore, both treatments had an effect to improve ROM of
the damaged muscle after the exercise, which concur in line with those of previous
reports (Eston et al., 1999; Montgomery et al., 2008; Ogai et al., 2008). A reduction in
joint ROM has been appeared from a loss of strength or swelling within the perimuscular
connective tissues after the exercise induced muscle damage (Howatson and Someren,
2008). Therefore, the treatment applied to both massage and cold water immersion
groups prevented loss of muscle strength due to ROM improvement in the intervention

groups.

Maximal voluntary contraction (MVC) of knee extensors was showed a significant

improve in control and massage compared with cold water immersion groups at 24 h
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after the exercise. Therefore, the massage had a local effect to improve knee extensors
strength after EIMD, which similar to other eccentric exercise protocol studies (Willems
et al., 2009; Rhea et al., 2009; Bakhtiary et al., 2007). Besides the result from knee
extensor strength, leg isometric strength was showed greater in control compared with
cold water immersion and massage groups and there was a significant lower in cold
water immersion compared with massage and control groups on vertical jump
performance after treatment only. In conclusively, both treatments might be an
ineffective to improve leg strength and vertical jump performance following plyometric
exercise, which is the contrary respond as previous study using a different eccentric
exercise protocol (Willem et al., 2009; Mancinelli et al., 2006; Skurvydas et al., 2006). It

might be assumed that these treatments had not enough effect to maintain and improve

the whole muscle function recovery.

In contrast to the positive effects of cold water immersion that have been shown
in previous literatures (Vaile et al., 2010; Buchheit et al., 2009; Vaile et al., 2008; Parouty
et al., 2010). Cryotherapy is used to diminish the inflammatory response, swelling,
edema, haematoma and pain (Scott et al, 2004). Moreover it remains widely used in
clinical practice as a recovery method. Nevertheless, these changes were not observed
in this study. Besides, it may include psychological benefits or feel relaxation from
decreasing body temperature after strenuous exercise. Therefore, the further study
about cold water immersion interventions should still examine the factors of temperature,
duration and frequency to provide clinical practice on recovery performance in athletic

population.

Twenty minutes petrissage massage improved some muscle function recovery
and reduced DOMS following plyometric exercise, which is the same response found in
other exercise protocol (Robertson et al., 2004; Ogai et al., 2008; Willems et al., 2009;

Bakhtiary et al., 2007; Mancinelli et al., 2006). These effects were observed because
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the massage is contribute to increase local blood and lymph flow (i.e. vasodilation),
neutrophils, and decrease oedema and pain sensation (i.e. a reduction in prostaglandin
production and tactile information for gate control theory) (Pornratshanee, 2005).
Moreover, the massage may reduce the concentration of cortisol and rise in plasma
beta-endophins and serotonin following strenuous exercise (Ogai R et al., 2008). In line
with these assumptions, the results of petrissage massage were quite effective in this

study.

Conclusion

These investigations reveal that petrissage massage could reduce soreness
sensation, and improved ROM and MVC following the plyometric exercise. However, its
effect could not improve CK clearance, thigh circumference, leg strength and vertical
jump performance. The cold water immersion showed that it only improved ROM, but its
efficacy remained unclear on others functional signs of DOMS in this investigation.
These results suggest that petrissage massage is more practical and effective than cold
water immersion as a recovery strategy on diminishing DOMS following the damaging
exercise. Lowering body temperature in the cryotherapy group demonstrate the lower
functional signs of muscle activity of both acute (Table 4.13) and delayed treatment
effects (Table 4.14). Application of cryotherapy during the competition period should be
used with precaution because the nerve function might be affected from lowering
temperature. In conclusion, the petrissage massage is still the method of choice to
reduce acute muscle soreness and prevent or subside the effects of DOMS on muscle

functional signs.
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1 baseline
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3 24 h after EIMD

4 48 h after EIMD

5 72 h after EIMD

6 96 h after EIMD




4. Soreness sensation

Baseline VAS of leg soreness

During standing
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VAS immediate after EIMD

During standing
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VAS after 20 min treatment

During standing
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VAS 24 h after EIMD

During standing
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VAS 48 h after EIMD

During standing
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VAS 72 h after EIMD

During standing
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VAS 96 h after EIMD

During standing
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5. Circumference —swelling
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AN UUFUTOUIN (cm)
a%adi %952 8 ASIS & superior end of patella above patella 5 cm
1 2 3 | Ave [%change| 1 2 3 | Ave [% change]
1 baseline
2 immediate after EIMD
3 after 20 min treatment|
4 24 h after EIMD
5 48 h after EIMD
6 72 h after EIMD
7 96 h after EIMD
6. ROM of knee flexion — muscle stiffness
¥ , ROM of knee flexion (degrees)
1IN BINITSYS
1 2 3 Ave | % change
1 baseline
2 immediate after EIMD
3 after 20 min treatment
4 24 h after EIMD
5 48 h after EIMD
6 72 h after EIMD
7 96 h after EIMD




7. Knee extensor isometric testing — 1 RM muscle strength
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2 , Knee extensor m. isometric strength test
fAIIN BNISYS
1 2 3 Max | % change
1 baseline
2 immediate after EIMD
3 after 20 min treatment
4 24 h after EIMD
5 48 h after EIMD
6 72 h after EIMD
7 96 h after EIMD
8. Vertical jump performance
r , Height of vertical jumps (m)
AINN BWNISYS
1 2 3 Max % change
1 baseline
2 immediate after EIMD
3 after 20 min treatment
4 24 h after EIMD
5 48 h after EIMD
6 72 h after EIMD
7 96 h after EIMD
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