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ABSTRACT

Purpose: The purpose of study was to determine if three discrete Ievéls of
soréness ca(n be identified using various magnitudes of eccentric triceps exercise
in non-resistance trained, college-aged students. Methods: Male (n=12) and |
female (n=12) subjects were recruited and randomly assigned to a 20-, 40-, or
60-repetition group (n=8). Subjecfs perfbrmed maximal eccentric triceps
contraction at 90°-s™ on a Cybex isokinetic dynamometer. Measurement of pe‘a!<
torque (PT), arm circumference (2, 6, and 9 cm), relaxed arm angle (RANG),
elbow range of motion (ROM), descriptor differential scale (DDS) (sensation and
unpleasantness), and creatine kinase (CK) were done at béseﬁne _and 24,48, 72,
and 96 h post-soreness induction. A 3 x 5 repeated-measure ANOVA was then
done for each dependent variable to assess inte'ra’ctions as well as time- and
group-main effects. To eliminate a dampening effect of baseline Qalu_es on group
data, a univariate ANOVA was also‘done to determine if groups were similar at
baseline. If théy were, a univariate ANOVA on group was done collapsing-all time
periods but excluding baseline. Results: A reduction in PT was proportionate to
the amount of exer.cise, as strength decreased by 13.6%, 32.9%, and 47.3%
foIIowinQ 20-, 40- and 60-répetitions, respectively, compared. to baseline for all
time points combined. Arm cichmférenCe (2 cm) was significantly diﬁérent
between 20- and 60- repetition gfoups, wheréas RANG was significantly different
between the 20- and 40- and 20- and 60-; there were no differences betWeen the
40- and 60- repetition grc;ups for either variable. Also, 60-repetitions reduced
ROM more than 20-repetitions, but no difference was found for 40-repetitions.
Surprisingly, DDS ,(sehsation) was same for all three groups, but DDS

_ (unpleasantness) Was significantly different between the 26- and 60- repetition

groups, as was CK. Changes in all variables except CK peaked at 48 h and had




not returned to baseline at 96 h. Conclusion: Under the present éxperimental
conditions, DOMS can be manipulated into three‘discrete levels as measured by

strength loss (PT) and into two levels when assessed with changes in arm

. circimference at 2 cm, ROM, RANG, and unpleasantness of soreness. This

information may be helpful to researchers, as well as health care and exercise
professionals, when assessing efficient treatment and prevention strategies for

DOMS.
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~ Chapter1 -
INTRODUCTION

Delayed onset muscle soreness (DOMS) is a well-known experience: for
both nO\}ice Aand elite athletes (Armstrong, 1984). DOMS is a sensation of pain
and stiffness in muscles that occurs for one to five days following unaccu;stoméd
- eccentric exercise (Armstrong, 1984). DOMS results in reducea physi'cal
perforfhance due to loss of voluntary.fdrce prdection and occurs typically at
beginning of the sporting season when athletes are returning for training
following a period of reduced activity (Cheung, Hume, & Maxwell, 2003). As a
result of the pain and strength loss, DOMS potentially reduces athletic -
performance in many ways, while the perception of functional impairment,
reduced joint excursion, and strengfh loss increase the risk of further injury
(Cheung et al., 2003). |

In common experiences, DOMS can be mild producing only a little
discomfort for involved'muscles. However, DOMS can also be so severe that it
leads to hoépitalization (Sayers, Clarkson, Rouzier & Kamen, 1999). Severe,
ecceQ'tric_;aI’ly indu_céd-muscle damage can induce exertional rhabdomyolysis, | .
which describes degeneration of muscle cells and is characterized by elevated
serum enzyme |eVe|, swelling, pain, stiffness of muscles, fever, nausea, vomiting,
abnormal histology, hemogiobinuria, and myoglobinuria (Knochel, 1982). High
Ievelé of-myoglobin can lead to renal failure, which is an extreme consequehce of
severe DOMS (Knochel, 1982).

Eccentric exercise produces greater severity of DOMS related symptoms
than isometric or concéntric exercise (Brown, Child, Day & Donnelly, 1997,
Smith, 1992; Walsh, Tohkonogi, Maim, Ekblom & Sahlin, 2001). Brown, Day and

Donnelly (1999) assessed muscle damage following 50-maximal concentric knee
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extensor contraction followed by same number of eccentric contractions and
concluded that concentric exercise inducéd no change in maximum isometric
~ voluntary contractioh (MVC) nor in serum creatine kinase (CK) or lactate :
dehydrogénase (LDH). Eccentric exe}gise reduced MVC by 23 + f9% (mean ¢ ;
SD) and increased CK and LDH 6n day three postexercise. The st'udy concluded
that eccentric but not concentric contraction induced muscle damage. Similarly,
Malm et al. (2004) studied the effects of three grades of running on markers of
DOMS. They reported that 45 rﬁin of running downhill (-8°) produced greater
soreness and pain than ru.nning downhill (-4°) or'uphiII‘ (4°). This study illustrated
that downhill running induced greater soreness dependenf on the degree of
eccentric exercise, with greatér eccentric work yielding greater soreness. Hence,
it seems reasonable to hypothesize that different levels of soreness are based on-
the degreé of eccentric exercise and the markéré of DOMS should follow suit. |
Direct measures of exercise-induced muscle damage include sub-cellular
disturbances, particularly Z-line streaming, resulting in distortion of these weak
links in the myofibrillar chain (Clarkson & Hubal, 2002). Some indirect markers of
m'uscle damage include an increase in T2 signal intensity via MRI, decreased
force production, increased level of inflammatory markers in the injured r_nuscléy
and blood, increased appearance of muscle proteins in the blood, and elevated
ratings of muscle soreness (Clarkson & Hubal, 2002). Common means to
rﬁeasure the consequences of.DOMS include: torque, swelling, and range of
motion (Warren, Lowe, & Armstrong, 1999). Brown et al. (1997) looked at
exercise-induced skeletal muscle damage, creatine kinase (CK), and soreness at
three exercise intensities. Three groups performed 10, 30, or 50 maximal-
eccentric contractions of the quadriceps. CK levels and perception of soreness.
were highest after the 50 repetition condition. According to this study, indirect

markers of DOMS appear to be related to the magnitude of the exercise stimulus.




Reseérchers have suggested many treatments to allay DOMS, but most =
are not well substantiated and vary widely in application (Smith, 1991; Ernst,

1998). Interventions for DOMS can be divided into three broad categories:

' pharmacological therapy, physical modalities; and nutritional supplements

(Connolly, Sayers, & McHugh, 2003). A common intervention to attenuate DOMS

is massage therapy. Various studies assess the efficacy of massage to reduce
soreness and improve muscle function but results are inconsistent. In one study,
soreness and inflammatory responses diminished following 30 min of
postexercise massage (Smith et al., 1994). In another study, no change fn
soreness oriinﬂammatory response occurred after 10 min of massage therapy
immediate and 24 h postexercise (Lightfoot, Char, McDermott, & Goya, 1997).
lnconéistency in study results may be attributed to different types and intensity of

the soreness-induction protocols used. Thus, treatment strategies do not

‘consider different levels of muscle damagé, or DOMS, due to varying levels of

exertion. Treatmérjt effectiveness may be ‘entirely dependent on whether DOMS
is in a mild, moderate, or severe form. In other words, when the extent of DOMS
varies than treatment protocols may need to vary accordingly.

While it is commonly understood that DOMS emerges in different levels,

no prior study specifically attempted to manipulate intensity of DOMS. In this

| study we intentionally attempt to manipulate soreness and study varying levels of

DOMS. If DOMS can be observed at different levels, than future studies can
assess if specific treatments are effective at various levels of soreness. By

identifying varying levels of soreness, researchers may also be able to better

-understand the underlying mechanisms for DOMS.




Statement of Purpose

The purpose of this study was to determine if three discrété levels of
soreness (i.e., mild, moderate, and severe) could be identified using various
magnitudes of eccentric triceps exercise in non-resistance trained, college-aged
students. -

Hypothesis

The null hypothesis was that eccentrically produced muscle damage, as
measured by peak torque (PT), relaxed elbow angle (RANG), elbow range of
motion (ROM), arm circumference, soreness ratings, and serum CK can not be -
differentiated into three discrete levels (i.e., mild, moderate and severe) by

varying the eccentric exercise load.

Assumptions of the Study
For the purpose 6f this study, the followihg assump‘tions weré made:
1. Isokinetic _eccehtric triceps exercise induces muscle damage.
2. Arm circumference, PT, sorsness level, RANG, elbow ROM and CK are
indirect but sensitive markers of the dégree of eccentrically-induced muscle
damage. |
3. Perception of pain caused by eccentrically-induced muscle damage is rated
similarly among subj'ects.

Definition of Terms

1. Untrained Subjects: Subjects who have not participated in a regular resistance
training program (more than twice a week) for upper limb muscles over the
past three months. ' |

2. Active elbow ROM: The measurement of the achievable distance between the
flexed positfo'n and the extended position of elbow joiﬁt. The normal fange of
elbow flexion is 0-150 degree and extension is 150-0 degrees when measured

by goniometery.




. Relaxed Elbow angle (RAN(G): It is an indirect measure of muscle or soft

tissue stiffness, measured standing with the arm loosely hanging by side. It is
the angle between the longitudinal axis of arm and longitudinal axis of |

forearm when the palm of hand faces towards the.body.

. Arm circumference measurement. Measured to assess the edema caused by

eccentrically-induced muscle damage. Measurement of arm circumference is
typically done at distance of 2, 6, and 9 cm from the medial humeral

epicondyle so that information is obtained across the whole muscle belly.

. Eccentric contraction: A type of muscle contraction where the external load

exceeds the muscles ability to actively resist the load and the muscle is

forced to lengthen active tension is generated.

. Torque: ltis a tendency of a force to rotate a joint about an axis.

. Peak torque: For this study, it is the average torque recorded using three

maximal eccentric triceps contractions. It is a reliable measure of decreased

muscle function following DOMS.

. Eccentric triceps exercise: During an eccentric triceps contraction, the elbow

starts moVement at straight angle and then bends as the hand moves towards
shoulder while subject is trying to straighten elbow producing lengthening
contraction of triceps.

Delimitations

. The subjects in this study were all untrained college-aged students.

. The effects of eccentric exercise were only observed on triceps muscles of

the non-dominant arm.

. The study was conducted using a Cybex isokinetic dynamometer with three

specified protocols (one, two and three sets of 20 repetitions each at 90°s™)
of maximum isokinetic eccentric triceps contractions intended to induce mild,

moderate and severe effects.




: Muscle damage was estimated with indirect variables including: Elbow ROM,

RANG PT, arm cwcumference descrlptor differential scale (DDS) and CK.

leltatlons

. The results may only be applicable to untrained college-aged students.

. The results may only be applicable to the eccentric workloads (20, 40 and 60

max:mal eccentric contraction at 90°-s™) applled

. The results may only be applicable to the non-dominant triceps muscle.

4. The_ r_esults may only be applicable to DOMS markers studied (i.e., ROM, PT,

arm circumference, DDS, RANG, and_'CK).»




Chapter 2
REVIEW OF LITERATURE

Nearly everyone has experienced DOMS at some time. Originally, it was :
thought-that DOMS simply resulted from micro-tears in muscle fibers, but

research shows that the mechanism for DOMS is more complicated (Clarkson et

- al., 2002). Many studies have examined the indicators, treatments, and

prevention schemes fqr DOMS (Clarkson et al., 2002). However, little work has
been done to examine the potential to elicit various levels of DOMS intensity.
This chaptér reviews literature relevant to the study of DOMS. The first section of
this review outlines the definition, mechanisms, symptoms, and proposed |
treatments and preventions for DOMS. The second section outlines the different
markers of DOMS and focuses on markers that might reflect the level of DOMS ,
related to muscle damage.

DOMS Defined

Following unfamiliar physical activity, sensations of pain andr stiffness are -
felt in the exercised muscles. The intensity of discomfort increases within the first
24 h following exercise', peaks betweenl24 and 72 h, subsiding and eventually |
disappearing in five to seven days postexercise (Cheung et al., 2003).This
exercise-induced _phenomenon is referred to as DOMS and is perhaps the most
common and recurrent sports injury. DOMS usually follows unaccustomed
exercises but can also occur with increased intensity and duration of regular
exercise. Any muscle that is overly exerted may suffer DOMS. For example,
prolonged downhill running might cause péin in major extenso}s and flexors of
the hip, thigh, and leg (Malm et al., 2004). Moreover, there is evidence |

suggesting that fast twitch muscle fibers are more susceptible to DOMS than




slow twitch fibers. The reason for this difference.might be the inherenf structural
weakness of fast twitch fibers or enhanced recruitment of fast twitch motor units
for eccentric exercises (Macpherson, Schork & Faulkner, 1996). Exercise-
induced muscle damage is more frequent and limiting in stiff muscles rather than
flexible muscles. I'hdividuals with greater muscle stiffness appear to experience
greater DOMS after eccentric exercise (McHugh et al., 1999).

DOMS is commonly associated with' unaccustomed high force muscular
work especially if it 'inVoIves an eccentric cohponent (Cheung et al., 2003).
[Eccentric contractions are the lengthening contractions of muscles. Thus, if _
external load exceeds the muscle’s ability to actively resist the load, the muscle
is forced to lengthen while active tension is generated (Stauber, 1989). Eccentric
exercises result in greater diéruption of'muscle tissue than concentric exercisés,
; as eVidenced from histological and eIectrOn.microscopy (Armstrong, Ogilvie, &
Schwane, 1983). To produce a given muscular force, fewer motor units are
recruited during eccentric contraction than concentric contraction. Thus, with
eccentric contractions, Aforce is distributed over a smaller cross sectional area of
muccle (i.e., greater tension is generated per active cross sectional area)
(Armstrong, 1984). It is probable that this increase in tensicn generated per unit
area is the cause of greater mechanical disruption both in muscles and in
connective tissue surrounding it. Thus, eccentric exercise can produce DOMS at
greater rate and intensity than any othér form of exercise. In fact, many eccentric
'exercises (e.g., downhill running, ballistic stretching, and icokinetic
dynamometer) produce DOMS,(Brown et al., 1997; Malm et al., 2004; Smith,
1992; & Walsh et al., 2001).

Eccentric exercise results in micro-injury to muscles at greater frequency
than any other types of muscle action (Cheung et al., 2003). Warren et al. (1999)

suggested that 75% or more of the decline in tension after eccentric exercise was




" attributable to a failure of the excitation-contraction coupling process, whereas

the reminder of the decline is attributed to the physical disruption of the tension-
bearing element within the muscle. Eccentrically-induced muscle damage is

associated with connective and contractile tissue micro-trauma (Armstrong,

1986). At the cellular level, eccentric exercise disrupts the cell membrane, setting

off an ianamméfory response that Ieads to prostaglandin (PGE;) and leukotrienes
synthesis that causes signs and symptoms of DOMS (Connolly, Sayers, &
McHugh, 2003). However, the exact _mechanisrh that leads to DOMS is stilt
controversial. ’
Mechanism

The purported mechanisms for DOMS include: lactic acid accumulation,
muscle spasm, connective tissue damage, muscle cell damage, inflammation,
and enzyme'efﬂux (Cheung et al., 2003). However, no one existing mechanism
fully accounts for the DOMS phenomenon. Consensus among researchers is that
DOMS may be caused by aninteraction of some of the following mechanisms
(Cheung et al. 2003). |
1. The Lactic Acid Theory

It is based on assumption that lactic acid continues to accumulate in the

muscle fiber even after exercise is stopr;ed. However, this theory has been

rejected as lactic acid levels return to pre-exercise state within one hour following .

exercise. Moreover, Schwane, Johnson, Watrous, and Armstrong (1983)
measured blood lactate level pre-test, during, and sporadically for 72 h after
downhill and [evel run and could not find a relationship between lactic acid and
soreness level.

2. The Muscle Spasm Theory

Eccentric exercise increases resting muscle electromyographic (EMG)

activity after a training session. It is proposed that this increased activity indicates
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" a'tonic localized spasm of motor units. This spasm leads to compression of blood
vessels, ischemia and accumulation of pain substances, which results in a

; vicious cycle, further increasing muscle spasm (de Vries, 1992). However, one
study showed that sore muscles do not have increased EMG activity (Abraham,

| 1977) whereas others showed that' DOMS is associated with a change in EMG
activity. However, there is no relationship' between .magnitude of change in EMG
activity and DOMS (Bobbert, Hollander, & Huijung, 1986).

3. The Connective Tissue Damage Theory

There is a difference in composition of connéctive tissue surrounding type
|- and type Il muscle fibers, as Type | have more connective tiésue than type Il
fibers. As a consequence, type |l fibers are more susceptible to stretch-induced
injury (Stauber, 1989). Measurement of hydroxyproline and hydroxylysine
(components of mature collagen) in urine samples foliowing exercise support this |
theofy, but these collagen components are also found in the urine when coIIa_gén
synthesis increases. Therefore, it is difficult to fully interpret the significance of
the increase in urine hydroxyproline and hydroxylysine following eccentric

exercise.

4. The Muscle Damage Theory

| Hough (1902) described disruption of contractile tissue, particularly Z-
lines, following eccentric e)geréise. A widespread disruption of sarcomere
“architecture and myofibrillar Z-line is observed following eccentric contraction
(Friden & Lieber, 1992). Following tisgue disruption, there is stimulation of
_nocicéptors located in muscle connective tissue, arterioles, capillaries, and
musculotendinous junction that leads to subsequent pain. CK is a reliable
measure for assessing muscle membrane perméability and an increase in blood
CK levels is found following disruption of Z-line and damage to sarcolemma

('Clarkson & Ebbeling, 1988). Since there is a discrepancy in the rise in serum CK »

T W IR WEEE
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and peak soreness, the muscle damage theory is not likely the sole explanation
for DOMS (Cheung et al., 2003; Clarkson et al., 1988).

5. The Inflammation Theory

The basis for inflammatory theory is that repeated eccentric muscle action
activates white blood cell, which precipitate edema (Smith, 1991). Ecceﬁtric
exercise damages the musble fiber, which releases proteolytic enzymes and
certain factors e.g., bradykinins, histamines, and prostaglandins, all of which
attract neutrophils and monocytes to the injqred site (Fielding, Manfredi, & Ding,
1993; Maclintyre, Reid, Lyster, Szasz, & McKenzie, 1996). After acute neutrophil
accumulation, there is gradual increase in monocytes level in muscie.
Subsequently, inflammatory cytokines produced by monocyteé are released,
such as interleukin (IL)-1, IL-6, tum:or necrosis factor and IL-a; anti-inflammatory
cytokines like IL-10 are also released. These factors collectively mediate an
inflammatory response that increases osmotic pressure in the injured tissue,
thereby causing edema or swelling, which evokes pain. Although peak edema
(volume measure and girth measurement) coincides with peak soreness (Gulick,
Kimura, Sitler, Paolone, & Kelly, 1996), the time course for inflammatory cell
infiltration is not as well correlated (Schwane, Johnson, & Vandenakker, 1983).
Consequently, it remains controversial as to whether inflammation and
subsequent edema are largely responsible for DOMS.

6. The Enzyme Efflux Theory

Gulick and Kimura (1996) described how calcium accumulates in muscles
after sarcolemmal damagé. They suggeéted that cell damage leads to inhibition
of cellular respiration at mitochondrial level. Subsequent decline in adenosine
triphosphate (ATP) production slows calcium influx into sarcoplasmic retinaculae,
which increases intracellular calcium accumulation. This accumulated calcium

thereby activates proteases and phospholipases that increases muscle damage.
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Consequently, chemical stimulation of pain nerve endings occurs, inducing the
discomfort associated with DOMS (Armstrong, 1984).
In summary, none of the aforementioned theories fully account for DOMS.

: inStead, DOMS likely involves aspects of most of these purported mechanisms.

Consequently, an interpreted model for the DOMS has been developed (Cheung

et.al., 2003). This médel suggests that high tensile forces associated with

| eccentric exercise leads to muscle and connective tissue damage that causes
_elevated levels of calcium which activates proteases and lipases that cause
further sarcomere.disruption. Collectively, muscle damage is roughly correlated
with increased'serum CK levels. Within a few hdurs inflammation increases, a
product of neutrophil infiltration and degranulation. Neutrophil degranulation
attract:;: monocytes, which leads to greater histamine production. In the presence
of an inflammatory environment, monocytes convert to macrop'hages, producing
prostaglandins that sensitize type 11l and type IV nerve endings to mechanical,
thermal and chemical stimulation and that also activate nociceptor_s wiihin the

- muscle fiber. Subsequent edema elevates pressure within the damaged tissue
further increésing sensory neuron activation. At present this model is not fully
supported; further résearch needs to validate the precise mechanistic events
describing the occurrence of DOMS (Cheung et al. 2003).

. . Siqné and Symptoms

Muscle and connective tissue damage that occurs with eccentric exercise
can alter muscle function and joint mechanics. DOMS is usually subclinical with
the sensation varying from slight muscle stiffness, which rapidly disappears
during the daily routine, to severe debilitating pain, which restricts moverﬁents.
The symptoms aésociated with DOMS last fo_r about one to five days following
the exercise. The signs and symptoms associated with DOMS include duli,

diffuse pain, tenderness, stiffness, swelling, and decreased muscular strength
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(Fitzgerald, Rothstein, Mayhew, & Lamb, 1991). Pain and fenderness typically
pgék one to three days after exercise and subside within seven days. Pain
'ini"tially presents at the musculotendinous junction and may gradually spread
throughout the muscle belly (Noonan & Garretf, >1992). Stiffness and swelling

- peak in three to four days after exercise and typically resolve wifhin 10 days.

Significant reduction in joint excursion is observed following eccentrically
in;juced muscle damage. Reduction in joint excursion results from-reduced joint
range of motion as well as reduced muscle flexibility. One study found 30%
reduction in elbow range of motioh and increased stiffness following 60 maximal
contractions of eccentric elbow flexors (Zainuddin, Newton, Sacco, & Nosaka,
2005). Another study found a 17.8% decrease in evlbow range of motion at 72 h
postexercise following 30 sets of 10 repetitions of eccentric dumbbell curls at
90% of 10 repetition maximum (Isabell, Durrant, Myrer, & Anderson, 1992).
DOMS is also assoc,iatéd with a decrease in strength, which may péak

immediately after exercise or within the first 48 h, and usually lasts for mdre than
five days (Connolly et al., 2003). Peék torque reduction is more pronounced 24-
48 h following DOMS-inducing exercises and more persistent with 'eccentric‘
exercise than any other form of exercise (Smith, 1992). Duration of strength
reduction is also greater following eccentric exercises and reconciled in 8-10
dayé (Ebbeling & Clarkson, 1989). Prolonged torque reduction following eccentric
exercise is an indicator of damagg to contractile elements, impairments in
excitation-contraction coupling, and inflammation (Clarkson et al., 2002).

Markers of DOMS

Numerous data highlight the mechanisms underlying DOMS, and identify
preventive and therapeutic treatments for the discomfort. But for any clinical or
scientific problem it is important to develop ‘markers’ or measures that permit

specific quantification of the problem (Warren et al., 1999). There are a wide
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variety of criteria for quantifying muscle injury, but no general agreement on the
best method to do so (Warren et al., 1999). Clarkson et al. (2002), for example,
~ describe direct and indirect measures of muscle damage. Direct measures
include assessment of cellular and sub-cellular disturbances through the use of
muscle biopsy. Because of inherent errors with fhis technique, most sdientists
use indirect markers to aséess degree of damage. Indirect measurements
include musble soreness, changes in MRI, decrease in férce’ production,
éwelling, reduéed range of motion, and elevated proteins, and inflammatory
markers in blood.

1. Cellular and Sub-Cellular

Unaécustomed exercise darﬁages cellular and sub-cellular muscle
structures. The first evidence of muscle damage following ecéent'ric exercise
was prdvided by Friden, Sjostrom, and Ekblom (1981), who used soleus '
biopsies at two and seven dayé postexercise to show_myoﬁbrillar dén_mage and
‘Z-line streaming after stair descent. In another study Ffiden, Sjostrom, and
Ekblom (1983) analyzed muscle samples collected at one hour, three days, and
six days aﬁer backwa_rd cycling and they found changes in ultra-structural
integrity of myofilament, mitochondriél_loss, disarrangement of A-bandr, and Z-
line streaming. Data from these studies led some to postulate tha's the Z-lihe was
the weak link in the myoﬁbrillar chaih. Further examination concluded that
cytoskéletal protein desmin, which links Z-I.ines together, may be susceptible to
exercise-induced damage. In addition; mast cell degranulation occurs in the
perimysial area near bldod vessels, thereby attracting mononuciear cells,

- suggesting that there is dafnagerto the extracellular matrix and possible damage
to capillaries as well (Stauber, Clarkson, Fritz, & Evans, 1990).
Collectively, these data showed that the initial exercise insult damages the

ultra-structure of the muscle fiber, extracellular matrix, and possibly associated
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capillaries. But results with biopsy are inconsistent and possibly associated with
error. Malm et al. (2000) studied multiple biopsies taken over seveni'days frcm
placebo and experimental groups (eccentric cycling exercise) and found th}atfﬁ
there were similar changes in both groups. The biopsy itself might produce -
damage in muscle that contounds interpretation of changes associated with
DOMS. Moreover, biopsies by nature are a small sample of the whole musc:le’,
which makes quantification of damage challenging. It is possible that the amount
of damage in the muscle might be underestimated or overestimated with the
biopsy technique (Clarkson et al., 2002).

2. Magnetic Resonance Imaging (MRI)

ln, comparison to biopsy, which gives focal results, MRI is a better, albeit
much more expensive, technique because it examines the whole muscle rather
than a small sample. Shellock, Fukunaga, Mink, and Edgerton (1991) found |
increased T2 signal intensity. after eccentric exercises, which may be attributed
to ede_ma. Anéther study by Takahashi et al. (1994) found increased signal
intensity after eccentric exercise and attributed it to increased water content in
the damaged muscle, a consequence of injured connective tissue, increased
capillary permeability, or damaged muscle cells. In addition, MRl is useful in
assessing which muscles are damaged after exercise. For example, after
eccentric forearm flexion exercise, subjects differed in the extent of damage in
synergistic muscles with some subjects showing damage in biceps, someiin
brachialis, and some in both (Nosaka & Clarkson, 1996). Nevertheless, studies
assessing muscle darnage by MRI are still unclear; thus further studies are o
‘warranted to assess the correlation between changes in.MRI signals and force',‘
torque, and CK activity. Because of the issues with the aforementioned direct
markers of injury, many researchers rely on indirect rnarkers to better

understand DOMS.
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3. Torque

.Change in muscle function may be the best means tb evaluate magnitude
and time-course of muscle injurigs resulting frorh eccentric exercises. Muscle
function is defined as thle ability to exert force over a certain range of motion, at
a fixed muscle length, or at a given velocity, external load, and level of activation
(Warren et al., 1999). Maximum voluntary contraction (MVC) torque, which is
directly proportional to the force produced by a muscle, is the most common
method used to assess muscle dam'agé. Reliability of the MVC torque
measurement is generally high (interclass cofrelation coefficient 2 0.85) (Kellis &
Baltzopoulos, 1995). Warren et al. (1999) concluded in their review that MVC
torque is the best measure of muscle damage resulting from eccentric
contractions.

Concentric protocols are associated with a strength loss of 10-30% after
exercise,_ with strength returning to baseline within hours (Jones, Newham, &
Torgan, 1989). Low intensity eccentric exercises reduce muscle strength by 10-
30%, with a recovery period longer than concentric protocolé (Mizrahi, Verbitsky,
& Isakov, 2001). High intensity eccentric exercises decreases force by 50—65% »
and recovery takes 10-12 days (Newham, Jones, & Clarkson, 1987). For
example, 60 maximal eccentric contractions of elbow ﬂeXors reduced isometric
_torq.ue' by 60% and strength did not return to preexercise levels for 10 days
(Zainuddin, Néwton, Sacco, & Nosaka, 2005). Similarly, 40 eccentric elbow
flexors contractions reduced isometric PT by 22% (Connolly, McHugh; & Padilla-
Zakour, 2006). These data show that the drop in PT may be related to the
number of contractions or intensity of contract.ions. It appears that higher the
intensity of>eccentric exercise, the greater the extent- of_mdscle damage, and

hence, the more strength is reduced.
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4. Blood Markers

CKis an enzyme that buffers celiular ATP and ADP'concentrations by
catalyzing the reversible exchange of high energy phosphate bonds between
phosphocreatine and ADP produced during contractions (Brancaccio, Maffulli, &
Limongelli, 2007). The serum level of this skeletal muscle enzyme is a marker of
the functional status of the muscle tissue and varies widely in both pathological
and physiological conditions (Brancaccio et al., 2007). Increases in serum CK
occur after muscle damaging eccentric exercises, because of changes in the
sarcolemma which increases interstitial CK and subsequently circulating CK
levels (Brancaccio et al., 2007). After damage, total serum CK begins to
increase at around 24 h, peaks around 48 h and then gradually returns to
normal values (Armstrong, 1984). Smith et al. (1994) found a marked increase
in CK activity after 26 maximal eccentric chest presses; the baseline CK value
Was 95.16 IU-L™", whereas at 48 h it rose to 1410.01 IU-L™, peaking at f2 h at

. 2361.01 IU-L™. Similarly, CK peaked at 72 h to 2704 IU-L™ after 60 maximal
eccentfic biceps contraction (Zailnuddin et al., 2005). From these studies it can
be concluded that peak CK occurs at 72 hours or later postexercise.

Using a combilation of studies, the serum CK can be directly correlated
with intensity of exercise. The normal serum CK level is 50 -220 |U-L™
(Brancaccio et al., 2007). Paulsen et al. (2005) found total serum CK of 5,500
IU-L™ after 96 h foIIoWing 300 sub-maximal eccentric contraction of the non-
dominant quadriceps. Paschalis, _Koutedakis, Jamurtas; Mougios, and
Baltzopoulos (2005) found total serum CK level of 1,600 IU-L™ after 96 h
following 120 maximal eccenfric COntraction§ of the same muscle groUp.
Collectively, these data showed that the greéter the intensity of exercise, the

higher the CK level in serum.
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]

Other circulating enzymatic markers of muscle damage include lactate
dehydrogenase, aépartate aminotransferase, and carbonic anhydrase
isoenzyme |l (Sorichter, Puschendorf, & Mair, 1999). In addition to circulating
enzymes, circulating muscle proteins are also used to indirectly assess dama’ge.ﬂ

'Thesé proteins include myoglobin, fatty acid binding protein, troponin, and
myosin‘ heavy chain (Sorichter et al., 1999). Althou—gh all the aforementioned
'enzymes and muscle proteins increase with DOMS, CK receives most of the
attention. Sincé there is no systematic study of all these markers together, we
know very little about how they will correlate to each other and to the extent of
muscle damage. |

{
5. Circumference and ROM

The effects of DOMS are also assessed by examining the various
parameters associated with the inflammation response_to eccentric exercise,
such as neutrophil accumulation and change in the concentration of various
cytokines, e.g., IL-13. Cannon et al. (1989) found that downhill runni'ng
increased IL-13 forup to 5 déys. Similarly, Malm et al. (2000) found increased
T-cell expression (inflammatory mediator) at 6 h, macrophages at 48 h, and
natural killer cells from"6 h to 7 days after exeréise. In a subsequent study,'Malm
et al. (2004) found that downhill and uphill running at different degrees of incline
increased leukocytes levels, with a peak at 6 h in all subjects. Granulocytes,
lymphocytes and monocytes were also elevated in all subjects. Since these
inflammatory responses induce edema, various researchers have indirectly
‘measured soreness by circumference and ROM.

The inflammatory signals induce an inﬂux- of protein rich fluid (exudates)
into the damaged muscles by increasing capillary permeability (Smith, 1991).
Peak edema level (as méasured by limb girth) coincides with peak soreness

(Gulick et al., 1996). Swelling peaks around 3-4 days followihg exercise, as

- rY WYV




measured by changes in limb girth, and subsides within 10 days. Cleak and
Eston (1992) found that arm circumference increased by 1 cm four days after
eccentric biceps exercises. Similarly, 225 eccentric wrist extensor contractions
increased forearm circumference by 60 mm from baseline (Gulick et al., 1996).

ROM is defined as the arc through which a joint moves. ROM is

. determined not only by muscles but all structures that surround the joint like the

skin, subcutaneous tissue, tendon, cartilage, and ligaments. Passive ROM is

usually used to assess degree of restriction following muscle damage. Full

muscle excursion is important for maintaining adequate ROM. But DOMS results
'in damage to muscle fiber, stiffness, and swelling, which reduces passive ROM.
- Zainuddin et al. (2005) found that 60 maximal eccentric contractions of elbow
flexors reduced passive elbow flexion by 30% with full recovery taking |
approximately four days. = '

Some researchers also measure RANG to assess muscle stiffnéss;post—
exercise. RANG is the angle formed between the forearm and arm when- the
limb hangs loosely by side of the body and is measured with the elbow as a

~ fulcrum (Clea'k'& Eston, 1992). Eccentric exercises markedly reduces RANG.
Mean RANG décreased to 26° after 70 maximal eccentric contractions of the
elbow flexors; the decline peaked at 96 h, with full recovery taking 10 days
(Cleak & Eston, 1992). Similarly, Prasartwuth, Taylor, and Gandevia (2005)
'found a 12.6 + 8° decrease in RANG immediately after various quantities of sub-
maximal eccentric elbow flexions. ROM and RANG might be reliable markers of
| soreness, but further research is warranted to prove reliability across different
_Astudy protocols.
6. Soreness )
Evaluation o} pain is one or the most important criteria to assess DOMS.

Pain is highly variable and subjective. To evaluate pain, multiple scales have
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been developed such as the visual analog scale (VAS), verbal rating seale, and
a numerical rating scale. Of these, VAS is the most widely used to measure pain
associated with DOMS because it is reliable (Zusman, i986). A drawback to the’
VAS is that it gives a less stable estimate of clinical pain than a scale compesed
of multiple items (Gracely & Kwiloz, 1988). Another problem with the VAS is it
assesses pain in only one dimension, while pain is multi-dimensional in nature.
‘The DDS may be better used to assess pain (Gracely et al., 1988) as it
measures both the affective and sensory aspects of pain. Consequently, the
DDS may be superior to the VAS (Doctor, Slater, & Atkinson, 1995). With a
DDS, subjects are asked to rate the magnitude of their clinical pain relative to '12
greded descriptors of pain intensity (sens'ory dimension) and 12 graded
descriptors of pain unpleasantness (affective dimension). Ratings relative to
each of the 12 descriptors are averaged within each dimension of pain (intensity
and unpleasantness) to get the total score for pain intensity,_and unpleasantness
- (Doctor et al., 1995).

Soreness appears many hours after damage inducing exercise, peaking at
24-48 h. Soreness results from the stimulation of group IV nociceptors by
noxious chemicals like histamine, bradykinin, and prostaglandin (Friden,
Sfakianos, & Hargens, 1986). Level of soreness should be directly :related to the
degree of muscle damage. Hence, low level exercises like downhill running and
isokinetic quadriceps exercise produce soreness values of four or five on a
scale of 10 (one equals no soreness and 10 equals maximum soreness),
whereas high intensity eccentric elbow exercise produce soreness values of
about seven to eight. This timing is also censistent with force loss and increase
CK levels. In contrast, peak swelling does not coincide with the soreness _Ievel. |
After eccentric elbow flexor exercise, swelling begins at about 72 h

postexercise, peaking by 96 h, subside by day 10 whereas soreness begins to
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increase 24 h after exercise and peaked after 72 h and subsides by day eight
(Cleak & Eston, 1992). |

Treatment and Prevention

Researchers have investigated many treatment and prevention strategies
to manage and prevent DOMS, which can be broadly divided into three
categories: pharmacological, therapeutic, and nutritional interventions (Connolly

etal., 2003).

1. Therapeutic Management _

Standard physicél therapy treatments for DOMS are cryotherapy,
ultrasound, electrical stimulation, stretching, massage, compression, and
exercise. Other alternative treatment techniques include hyperbaric oxygen
therépy,‘homeopathy and electromagnetic shielding (Cheung et al., 2003).
Despite a large volume of work in this area, there is little agreement among
practitioners as to the most efficient treatment to manége DOMS.

Cdmmonly used methods to alleviate DOMS are passive stretching and
ma‘ssag'e. Initially, it was thought that static stretching pre and postexercise
would décrease DOMS, as it relieves muscle spasm and helps disperse edema
(Wessel & Wan, 19?9). A meta-analyéis of five studies (72 subjects) showed that
stretching minimally reduced soreness 72 h after exercising (Herbert & Gabriel,
2002). One study concluded that stretching pre and postexercise does. not
’ }provide protection fr'orh muscle soreness and preexercise stretching does reduce

the risk of muscle injury (Herbert & Gabriel, 2002).

A number of researchers have assessed the effects of massage on DOMS _

and .indirect markers of muscle damage. As with stretching, the effect of
‘massage on DOMS is also inconclusive (Tidus, 1997). Theoretically, massage

reduces symptoms associated with DOMS by altering inflammation, circulation,
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endorphin rélease, and mood state (Bale & James 1991 Farr et al., 2002:
Hilbert, Sforzo, & Swensen, 2003; Smith et al., 1994; Tidus & Shoemaker, 1995).

Hilbert et al. (2003) found that 30 min of massage two hours after
eccentric hamsfrihg exercise reduced soreness as assessed by DDS and
improved mood state. There was no effect, however, on muscle function and
neutrophil count. They concluded that massage has psychological ratﬁer than
physiological effects, a conclusion supported by the work of Tidus et al. (1995). |
Lightfoot et él. (1997) also found that massage did not alter phy;iological
variables after DOMS, such as leg volume and plasma CK levels; they also found
massage did not alter analdg.soreness ratings. Similarly, Weber et al. (1994)
studied the effect of massage, upper body ergomét_ery and micro current |
electrical stimulation on DOMS and found that there was no change in maximal_
| voluntary isometric contraction and muscle analog soreness ratings among the
three modailities. . ‘

In contrast to the aforementioned studies that show massage has no‘
physiological effects on DOMS, Rodenburg et al. (1994) found that pre-treatment
stretching and ergometery and-post-treatment masSage improved isotonic force
and elbow flexion and lowered CK activity after DOMS. They also found
héssage did not alter analog soreness ratings, elbow extension, and circulating
myoglobin levels. Since the researchers used three different modalities as'a
treatment, it is difficult to differentiate the relative contribution of each to the
reported significant findings. Other studies looking at the effect of massage on
DOMS also show itﬁredupes CK levels (Smith et al., 1994). Thié study, however,
found that massage reduced analog soreness ratings, a finding supported by the

work of Farr et al. (2002).
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As the aforementioned discussion illustrates, the effects of massage on
DOMS is equivocal. Perhaps, as suggested by Hilbert et al. (2604), massage
may have more psychological rather than physiological effects. | |

Cryotherapy is also used to alleviate symptoms associated with DOMS. A
decrease in tissue temperature following cryotherapy causes vasoconstriction,
which reduces swelling and inflammation, thereby decreasing symptoms
associated with DOMS. Data from studies that examine the effect of cryotherapy
on DOMS are also inconsistent. For example, cryotherapy did not reduce muscle
soreness, or improve isometric and isokinetic torqué, aftef 60 maximal eccentric
contractions of elbow flexors (Paddon-Jones, & Quigely, 1997). In contrast, 15
min of cold water immersion reduced stiffness and plasma CK level following
eccentric elbow flexors exercise (Eston & Peters, 1999).

Another purported palliative for DOMS is continuous compression, which
is a low cost intervention for patients suffering from DOMS. Pneumatic
compression sleeves prevent joint motion, decrease perception of soreness, and
enhance recovery of muscle function (Kraemer et al., 2001). Intermittent
pneumatic compression for 20 min immediately after eccentric elbow exercise
ang;,daily for five consecutive days reduces swelling and soreness (Kraemer et
al., 2001). Further research is required to confirm effectiveness of compression in
reducing symptoms associated with DOMS. |

Electrotherapeutic modalities used to alleviate symptoms associated witHL
DOMS are ultrasound.and electrical stimulation. Ultrasound promotes tissue
healing by increasing blood flow and temperature but its effectiveness to manage
DOMS is uncertain. Hasson, Mundrof, Barnes, William, and Fuiji, (1989) found
ultrésound reduced the symptoms of DOMS when given 24 h postexércise. While
Ciccone, Leggin, and Callamaro (1991) found ultrasound exacerbated symptoms

following eccentric exercise of elbow flexors. The effect of micro-current, high volt
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pulsed galvanic (HVPG) electrical stimulation and trans-cutaneous electrical

nerve stimulation (TENS) on DOMS is not well studied and no study to date has

shown these techniques alleviate DOMS (Schmitz, Martin, Perrin, Iranmanesh, &

Roqol, 1997; Weber et al., 1994)

Exercise may be one of most effective means to alleviate DOMS and -
associated symptoms (Armstrong, 1984). Exercise increases blodd flow and
endorphin Ievéls, while breaking adhesions in sore muscles and accelerating
removal of toxic waste products from the active muchlature. However, studies
that have examined the effects of exercise on DOMS are inconclusive. One study,
showed that upper arm ergometery performed for 8 min immediately foIlowihg :
eécentric elbow extensors exercfses did not significantly reduce DOMS (Weber
et al., 1994). In contrast, another study showed that high veiocity concentric
isokinetic exercise performed after stepping exercise decreases DOMS (Hasson

et al., 1989). Thé_ difference in findings between these studies was attributed to

-differences in exercise protocols. Therefore, studies using similar exercise -

protocol are warranted to determine the effect of exercise in managing DOMS.
Although there is some evidence that DOMS can be alleviated with ice

compression, stretching, massage and other modalities, an efficient treatment

strategy has not been established. Treatmeﬁts- suggested so far are inconclusive

and the reliability of the data is questionable, which may lead to reliance on

“unreliable evidence or ineffective treatment (Cheung etal., 2003)_'.

2. Pharmacoloqical Management

One of the main treatments advocated to alleviate signs and stptom’s of
DOMS is non-steroidal anti-inflammatory-drugs (NSAIDs). Despite a strong
theoretical basis for efficacy, the majority of studies showed that NSAIDS do not

reduce DOMS (Connolly et al., 2003). Ibuprofen and flurbiprofen, for example do

"not reduce signs and symptoms of DOMS (Donnelly, McCormick,Maughan,
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Whiting, & Clarkson, 1988). In contrast, naproxen and diclbfenac may act
prophylactically as well as therapeutically. O'Gardy et al. (2000) showed that a
prophylactic dose of diclofenac (150mg) reduces soreness, swelling, and
stiffness after eccentric box stepping exercise in 27 subjects. Similarly, daily
administration of 1,000 mg of naproxen for seven days resulted in reduced
soreness three days after exércise and enhanced recovery of quadriceps
strength relative to placebo Qroup (Lecomte, Lacroix & Montgomery, 1998). The
inconsistency in results among the studies might be a consequence of the
different eccentric exercise protocols, types of NSAIDs, and the subjective nature
of pain perception by the subjects (Connelly et al., 2003).

3. Nutritional Supplements

Nutritional supplements are a popular means with which to combat
DOMkS,’as they generally have no side-effects. The most commonly used
nutritional supbléments are antioxidants. Free radicals proliferate as a result of
exercise-induced muscle damage; a consequénce of neutrophil activation and
phagocytosis (Pyne; 1994). Hence, supplements that reduce formation of free
radicals prior to exercise may act as a preventive measure for reducing DOMS.
Two such supp!éments, vitamin C.and E are widely used and Cannon et al.

‘ (1989) reported that vitamin E supplementation.(400 IU-d™) decreased CK level
and accelerate DOMS recovery. In contrasf, 'Jakeman and Maxell (1993)
reported that 400 rﬁg d™ of vitamin E for 21 days before an eécentric exercise
bout did not affect DOMS. Given the various methodologies used in studies that
have examined the effects of nutritional supplements on DOMS, it is difficult to
reconcile data from them.

In summary, multiple treatments have been purported to alleviate

symptoms associated with ecCentricéIIy-in_duced muscle damage. The efficacy of
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- the treatments examined is inconsistent. Further research is warranted in each of
A-the"aforementioned areas so that potentially reliable treatments can be identified.
| Summary

~ Unaccustomed exercise, especially eccentric exercise, induces muscle
~ damage and soreness. Signs and symptoms associated with DOMS include
swelling, pain, and tenderness as well as reduced'muecle force and joint ROM. -
The mechanism for DOMS is not fully resoIVed, although a consensus
among researchers is forming. An integrated scheme suggests that high
intensity eccentric exercise initiates 'ae acute inflammatory reeponse, eoupled
With various cellular and sub-cellular events that lead to myofilament damage
- which'together give rise to symptoms associated with DOMS. Future studies are
~ necessary to validate the biochemical and cellular events that initiates DOMS.
Even though the exact mechanism for DOMS is not known, it is clear that
two relia_ble markers are reduced muscle force and joint ROM (Warreh et al,,
1999). Other markers such as serum muscle proteins and soreness are less
reliable and moreover,.their time course is not well correlated to changes in
 muscle function. |
Many treatments strategies are purported to manage and prevent DOMS,
but results ere highly inconsistent. To identify a reliable and consistent treatment
strategy, it may be essential to understand the mechanism of injury. It is also
possible that methodological issues compromise the interpretation of research
on the treatment of DOMS For example, researchers typically use a high
number of repetitions to induce DOMS. Perhaps the resulting muscle damage is
too severe for any palliative treatment to be conS|stently effective. Some
| palliative treatments may effectively prevent or treat a mild or moderate case of

DOMS, but might‘not be effective with severe DOMS. .




Chapter 3

METHODOLOGY

The present study aimed to induce muscle damage by giving three -
different regimes of eccentric triceps contractions. This chapter describes the
méthods used to achieve that purpose. The sections included are SUbjecfs,
experimental design, procedures, measurements, and statistical analyses.

Subjects

Twenty-four untrained college-aged students were recruited for this study.
Previous research showed that this sample size is sufficient to elicit significant
differences in the dependent variabies studied (Brown et al., 1997). Subjects
_ were excluded if they particibated in any upper body resistance training in the
previous three months for more than twice a week regularly, had a previous arm
injury or surgery, or any disease that might affect muscle function. They were
also 'excluded from participation if using any pain mediéations. Subjects were
informed of all experimental procedures and the possible risks and benefits
associated with the project. Afterwards, they read and signed'an informed
consent form (Appendix A) that was approved by the Ithaca College H_uman
Subjects Research (HSR) Board.

Experimental Design

The study was a repeated measure design with measures conducted
immediately before (baseline), and .24, 48, 72 and 96 h after the soreness-
inducing protocaol. SUbjeCts were randomly divided into three equal groups: The
following variables were measured: muscle soreness via DDS; arm
circumference; relaxed arm angle (RANG); elbow ROM (a_ctive flexion); peak
torque (PT); and serum CK. Subjects were divided into 20-, 40-, and 60-repetition

groups. The triceps brachii muscle of non-dominant arm was used so that
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consequehces of DOMS were less likely to impact the daily activity of
participants. On the first day of data collection, each $ubjéct underwent baseline
measurements including all of the above followed by. the soreness-inducing
protocol.

Procedures

1. Baseline Measurement

Prior to baseline measurement, all subjeé:té completed informed consent,
. health history and health habit (Appendix B), and 24 hour history (Appendix C)
forms. All subjects were instructed to avoid upper body strength training while
participaﬁng in study but could continue leg exercises (e.g., cycling, or running).'
Baseline measurements of DDS, arm cir'cumference,‘ RANG, ROM, PT, and
serum CK were made just prior to the soreness-—inducing exercise protocol.

2. Soreness-Inducing Protocol

Subjects in the 20-repetition groub performed one set of 20 eccentric
tricebs contractions, while those in the 40-repetition group completed two sets of
20 repetitions, and those’in the 60-repetitioh group completed three\sets of 20
repetitions of maximal eccentric triceps contractions. The protocol of 20, 40, and
60 haximal eccentric contractions is derived from a compila_\tion of the DOMS
literature (Lenn et al., 2002; Paulsen et al., 2005). During exercise, subjects
started movement from full élbow extension and resisted the lever arm in the
direction of extension causing an eccentric triceps contracﬁon. After each
contraction, the subject actively extended the arm for next contraction. There was
a two-minute rest between each set with no pausé between contractions. After
fhe subjects completed the pre-determined number of contractions, postexercise
measurements were taken at 24,- 48, 72 and 96 h. Measurements were DDS,

serum CK, arm circumference (2, 6, and 9 cm), RANG, elbow ROM, and PT.
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R_Afterwards, subjécts were given an instruction sheet (Appendix D) that explained

how they should maintain their daily routine while participating in the étudy. "

Measurements

The dependent variables for the study were measured in following order:

1. DDS

~ Subjects completed- the DDS to assess muscle soreness. The DDS is a
reliable and valid measure for assessing pain (Doctor et al., 1994). This
instrument applies psychophysical scaling to clinical pain assessment and

measures both the sensory and affective components of pain. With the DDS,

subjects were asked to grade their clinical pain relative to 12 graded descriptors

of pain intensity (sensory dirhension) and 12 graded descriptors of pain
unpleasantness (affective dimension) (Appendix E).
2. CK

Following DDS administration, blood sémpling was done. Blood was
drawn (3 ml) from the antecubital vein of the non-exercising arm by-a trained
phlebotomist. Blood was collected in a serum separator tube, allowed to sit for
20-60 min, and then centrifuged (IEC Centra-MP4R, Needham Heights, MA) at
3,500 rpm for 10 min. Serum was then pipetted in a microtainef tube and stored
in a refrigerator. At the end of each day, tubes were transferred for storage to a
freezer at -80°C. At end of data"collegtion, all tubes were transported to an
outside laboratory (Human Metabolic Research Laboratory, Cornell University,
Ithaca, NY) for CK analysis using a Dimension Xpand Plus automated chemistry
analyzer (Siemens Medical Diagnostics Solutions, Newark, DE). According to the
manufacturer, in this method adenosine monophosphate, and [P1, P5-di
(adenosine-5’) pentophosphate are added to inhibit adenylate kinase (AK),
ethylenediaminetetraacetic acid (EDTA) is added to suppress calcium inhibition

of CK; dithioerythritol (DTE) is added to activate CK; 2-N-(morpholino) ethane
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sulfonic acid (MES) is used as the buffer, and the reagents were simultaneously
optimized for maximum activity. Sample and reagent were mixed and values
were recorded in U-L™. Duplicates were run for the test to inspect for error.

3. Ayrm Circumference

Measurement of the non-dominant arm circumference was completed
using a standard anthropometric tape. Subjects were standing with the arm in

anatomical zero position, relaxed and hanging loosely. Measurements were

. performed at 2, 6, and 9 cm with the medial humeral epicondyle as the reference

point. Three measurements were done at each pdint and averaged. Permanent

ink marks were made at each point to maintain consistency over trials.
4. RANG |

RANG measurement was done with the subject in standing position and
arm by side, with the universal goniometer. The reference points for the
measurement of the angle include: the lateral humeral epicondyle, acromion

process, and midpoint on wrist. Three measurements were done and averaged

for recording. A permanent ink marker was used to maintain consistency over

trials.

9. Elbow ROM

Elbow ROM was measured with a standardized goniometer for active
flexion range. The active flexion ROM was determined as the difference between

the actively flexed and extended elbow joint angles. Subjects were tested in the

supine position to stabilize the shoulder and upper body. The fulcrum of

goniometer was kept at the Iateral epicondyle of the humerus, while the
stationary arm was parallel to longitudinal axis of humerus and the movement
arm was parallel to the longitudinal axis of forearm. Measurement was done from
a fully extended position to a fully flexed position (Zainuddin et al., 2005).

Placement locations of fulcrum, stationary and movement arm were marked with
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permanent ink to maintain consistency throughout trials. Three measurements
were taken and the mean value was used for analysis.

6. Peak Torque

To measure PT, subjects completed eccentrie elbow extension on a
Cybex isokinetic dynamometer (Computer Sports Medicine, Inc.
Humec®/NormT"", Model 770, Stoughton, MA). Prior to any Cybex test, the |
machine was adjusted according to settings made during the baseline lab visit. In -
addition, every PT test was preceded by a standardized warm-ep that included
five sub-maximal and two maximal eccentric triceps contractions at 90°-s™. After
the warm-up, the subjects rested two minutes before completing three maximal
eccentric triceps contractions. The average of the three contrections'»was
recorded as PT ih Newton-meters. A pilot study performed to test the reliability of

the PT protocol yielded a coefficient of variation of 4.3% (n=21).

" Statistical Analyses

A 3 x 5 (Condition x Time) repeated measures analysis of variance (RM
ANOVA) was done for each dependent variable: DDS (sensation and

unpleasantness), CK, arm circumference (2, 6, and 9 cm), RANG, ROM, and PT.

‘The three conditions corresponded to the three groups, who completed 20, 40,

and 60 repetitions, reepectively, while the five time periods corresponded to the

‘measurement points at 0, 24, 48, 72, and 96 h. Where ihdicated, significant

differences among groups were located with Bonferroni post-hoc analyses. To
further examine the research hypotheses, additional analyses included a one-

way ANOVA, which was used to compare groups at baseline to look for initial

>group'differences. If no differences were found for a dependent variable at

baseline, data for that variable, for each group across all time periods excluding




baseline, were collapsed to assess overall group differences. The alpha leve! for

all tests, except for Bonferroni, was set at 0.05.




Chapter 4

RESULTS

.The purpose of this study was to manipulate the extent of DOMS. For this,

- 24 subjects were randomly divided in three groups. The groups performed 20,

40, or 60 maximal eccentric triceps contractions using a Cybex dynamometer.

‘The dependent variables measured at the baseline and 24, 48,72, and 96 h’

post-soreness induction were arm circumference at 2, 6, ahd 9 cm, RANG, ROM,
PT, soreness, and CK. The Appéndix G contains raw data for all the variables.
This chapter includes results analyzing aI_l dependenf variables and include; the
following subsections: Subject characteristics; Peak torque; Arm circumference
(2 cm); Arm circumference (6 cm); Arm circumferencé‘ (9 cm); RANG; ROM; DDS
(sensation); DDS (unpleasantness); CK.; and Summary. |

Subject Characteristics

Age, height and weight were recorded on the first day of testing and are
reported in Table 1. The mean age for subjects across groups was similar as all
were recruited from a cohort of college students. No significant difference '
between groups was found with respect to height or weight,aécording to two-
tailed, two-sample, equal varia»nce t-tests (p > 0.05).

Peak Torque

A 3 x5 (Group x Time) RM ANOVA with repeated measures on time was
done to identify differences in PT among the three groups. Mauchly's test of
sphericity was significant (p < 0.05) and thus Greenhouse-Geissef was used to
calculate the Group x Time interaction effect. No significant interaction [F (43, 45.2)
=22,p> 0.(55] was observed ‘indic.ating that groups behaved similarly across

time for PT (Table:2)
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Table 1

Subject Characteristics
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Subject Age(years) Height(cm) Weight(kg)
Group A (n=8) 18.3+0.7 169.1£10.8 | 722 +10.1
Grogp B (n=8) 19.8+3.4 169.3+6.8 71.1+84
Group C (n='8). 19.1+£1.3 160.5 £ 10.8. . 6451171

Note: Groups differ by repetition number with A=20, B=40, and C=60; Values are

mean £ SD.

o s’




Table 2

Peak Torque: ANOVA Summary Table

Source ~_SS _ df MS F D
 Time 5800.1 22 26922 285 - 0.000°
Error (time) 4278.6 45.2 94.6
Group 10580.1 20  5290.0 35  -0.049*
Error (group) 31919.9 21.0 5290.1
Group x Time ~ 899.6 4.3 2088 22 0.079

Note: * denotes significance (p < 0.05)
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There was, however, a significant time main effect found for PT[F (2.2,452)

= 28.46, p < 0.05]. Pairwise comparisons were done with Bonferroni adjustment

to compare means émong time points. The comparison revealed a significant
decrease in torqlue after baseline (p < 0.05) at all four subsequent times.

Examining Fig'ure 1 it can be seen that reduction in torque is maximum at 48 h,

| (37.5+ 19.6 Nm) when compared with baseline (56.3 + 17.9 Nm). The torque

was significantly (p < 0.05) lesser than baseline (56.3 £+ 17.9 Nm) at 72 and 96 h
(39.25+21.4 and 41.7 £ 24,5 Nm respectively). These data showed that the
recovery of PT after muscle damage induced by eccentric exercise took longer
than 96 hours. | |

There was also a significant group main effect found for PT [F (20, 21.00 =
3.48,p< 0.05]. using a 3 x 5 RMANOVA. This indicates that the reduction in PT
was not similar amdng the groups. A post-hoc t-test with Bonferroni adjustments

was done to identify the difference among the groups. The analyses revealed a

significant difference only between the 20- and 60-repetition groups (p < 0.05)

(Figure 1). The 20-repetition group had more strength (54.2 + 24.4 Nm) than 60-
repetition group (31.2 i' 14.88 Nm) suggesting that subjects who did greater
repetitions had a greater loss in strength. To examine this research_hypoﬁhesis
m’ore thoroug’hly, it was deemed necessary to:further inspect group differences
by eliminating the averaging effect of baseline on group data. A one-way ANOVA
éxamining group differénces for PT at baseline yielded non-significant results [F
20,21.0= 0.75, p > 0.05]. Follow-up analysis using univariate ANOVA for group
differences was then done after collapsing the four postexercise time points
excluding the baseline. ANOVA results were significant between groups [F (2.,

03.0) = 17.07, p < 0.05] demonstrating a significant difference in PT for at least

one of the between-group analysis. Post-hoc t-tests with Bonferroni adjustment
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were signiﬁcarlt (p < 0.05) and figure 2 shows that the 20-repetition group
produeed greater PT than both the 40-repetition and 60-repetition groups.
Similarly, the 40-repetition group produced greater PT than 60-repetition group.
- Accordingly, it appears that as the ‘number of maximal eccentric contractions
increases it causes greater muscle damage and subsequent strength loss.
Examining PT across the four days. post-soreness induction, the 20-repetition
-group produced about 25.9% greater PT than 40-repetition gro‘up and 49.8 %
greater PT than 60-repetition group. Therefore, eccentrically-induced muscle
damage as measured by PT can be differentiated into three discrete levels

depending on the number of eccentric contractions performed.

N

Arm Circumference (2 cm)

A 3'x 5 (Group x Time) RM ANOVA with repeated measures on time was
done to identify differences in arm circumference (2 cm) among the three groups.
Mauchly’s test of sphericity vrras significant (p < 0.05) and thus Greenhouse-
Geisser was used to calculate the Group x Time interaction effect. No significant
interaction [F (4.1, 42.8) = 1.7'3, p > 0.05] was observed indicating that -g'roups
behaved similarly across time for arm circumference (2 cm)‘»(TabIe 3).

There was, however, a significant time main effect found ror arm

‘circumferer\ce (2 cm)-[F (2.0, 42.8) =22.89, p < 0.05]. Pairwise comparisons Awere
done with Bonferroni adjustments to compare means among time points. The
comparisons revealed a significant (p < 0.05) increase in arm circumference (2
'Cm) compared to baseline at ail four subsequent times. Examining Figure 3 it can
be seen that the increase in arm circumference (2 cm) is greatest (26.5 £+ 2.4 cm)
at 48 h (p < 0.05) when compared with baseline (25.8 +2.3.cm). The arm
circumference (2 cm) was also significantly (p < 0.05) greater than baseline (25.8

+2.3cm)at72 and 96 h (26.4 £ 2.4 and 26.3 + 2.3 cm, respectively). These data







Table 3

Arm Circumference (2 cm): ANOVA Summary Table

40 -

Source SS df MS F p
e 6.5 2.1 32 22.9 0.000"
Error (time) 59 42.8 - 01
Group 494 2.0 24.7 0.9 0.430
Error (group) 5902  21.0 28.1
Group x Time 0.9 4.1 0.2 1.7 0.160

Note: * denotes significance (p < 0.05)
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show that edema persists for more than 96 h, irrespective of the how many
‘maximal eccentric contractions were pen‘ormed. |

There was no significant group main effect found for arm circumference (2
cm) [F value (20,21.0) = 0.88, p > 0.05]. This leads to a conclusion that arm
circumference (2 cm) was similar for the groups throughout the study. However,
to examine this research hypothesis more thoroughly, it was deehed necessary
to further inspect group differences by eliminating the averaging effect of

ba_seli'ne on group data. A one-way ANOVA examining group differences for arm

circumference (2 cm) at baseline yieIdedA non-significant results [F 2.0, 21.0) = 1.42, o

p > 0.05]. Follow-up analysis using univariate ANOVA for group differences was
: then-dohe after collapsing the four ppstexerbise time points excluding baseline.

| ANOVA results were significant [F (z_o, 93.0 = 3.34, p < 0.05] demonstrating a
significant difference in arm circumference (2 cm) for at least ‘one between-group
analysis. Post-hoc t-tests with Bonferroni adjustment were significant (p < 0.05)
and ﬁg'ure 4 shows that the 60-repetiton group had greater swelling than 20
repetition group. Accordingly, it appears that 60 maximal eccentric contraction
causes greater increase in arm éircumference and therefore swelling. Examining
arm circumference across-the four days post-soreness induction period 20-

| repetiton group had 5.36% less swelling than 60-repetition group. Therefore,
eccentrically produced muscle damage as measured by arm circumference (2
cm) can be differentiated into two discrete levels for 20- arid 60-repetition groups;
however, 40-repetition did not yield significantly discrete results compared to 20-
or 60-repetitions. |

Arm Circumference (6 cm)

A 3 x 5 (Group x Time) RM ANOVA with repeated measures on time was
done to identify differences in arm circumference (6 cm) among the three groups.

Mauchly’s test of sphericity was significant (p < 0.05) and thus Greenhouse-
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Geisser was used to calculate_ the Group x Time interaction effect. No significant
interacﬁon [F (34,353 = 1.09, p > 0.05] was observed indicating that groups
behaved vsimilarly across time for arm circumference (6 cm) (Table 4).

There was, however, a significant time rﬁain effect found fdr arm
cir‘Cumferencé (6 cm) [F (1.7,35.3y = 23.19, p < 0.05]. Pairwise comparisons were
done with Bonferroni adjus;tment‘to compare means among time points. The
comparisons re_vea'ied a significant increase in arm circumference (6 cm):
compared to baseline (p < 0.05) at all four subsequent times. Examining Figure 5
it can be seen that the increase in arm circumference (6 cm) is greatest (28.3
2.7cm)at48 h (p _<-0.05) when éompared with baseline (27.7 + 2.8 cm). Thenarm-
circumference (6 cm) was also significantly (p <0.05) Qreater than baseline (27.7
+2.8cm)at72 and 96 h (28.2 + 2.8 and 28.2 £ 2.7 cm, respectively). These data
shov\) that edema persists for more than 96 h, irrespective of the how rhany |
maximal eccentric contractions were performed.

There was no significant group main effect found for arm circumference (6
cm) [F value (2.0, 21.0) = 0.53, p > 0.05]. This leads to a conclusion that arm
circumference (6 cm) was similar for the groups throughout the study. To-
examine research hypothesis more- thoroughly, it was deemed ne'ce}ss,ary to
further inspect group differences by eliminating the averaging effect of baseline
on group data. A one-way ANOVA examining group differénces for arm
circumference (6 cm) at baseline ﬁelded a non-significant results [F 2.0, 21.0)
=0.72, p > 0.05]. FoII‘ow-up analysis using univariaté ANOVA for groLlp
differences was then done after collapsing the four postexercise time points
excluding baseline. ANOVA results were not significant between group tF (2.0, 93.0)
=2.13, p > 0.05). Accordingly, it appears that groups had similar swelling and
number of contractions did ndt impact the amount of arm swelling when

measured at 6 cm.




Table 4

Arm Circumference (6 cm): ANOVA Summary Table

Source SS df MS . F

Time 55 17 33 23.2 0.000*
Error (time) - 5.1 35.3 . 0.1
Group - 43.0 2.0 21.5 ' 0.5 0.597
Error (group) 852.6 21.0 28.1_ |

0.368 |

T d

Group x Time 0.5 . 34 0.2 1.1

Note: * denotes significance (p < 0.05)

45

-






W i

47

Arm Circumference (9 cm)

A 3 x 5 (Group x Time)‘ RM ANOVA with repeated measures on time was
done te identify differences in arm circumference (.9 cm) among the three groups.
Mauchly’s test of sphericity was significant (p < 0.05) and thus for this variable
Greenhouse-Geisser was used to calculate the Group x Time interaction effect.
No significant interaction [F (46, 4s.4) = 1.47, p > 0.05] was observed indicating that
groups behaved similarly across time for arm circumference (9 cm) (Table 5).

. There was, however, a significant time-main effect found for arm
circumference (9 cm) [F .(2‘3' 48.4) = 11.15, p < 0.05]. Pairwise comparisons were
done with Bonferroni adjustment to compare means among time points. The
comparison revealed a significant increase in arm circumference (9 cm) after
baseline value (p < 0.05) for all four subsequent time measures. Examining
Figure 6 it can be seen that the arm circumference (9 cm) is greatest (29.6 +2.9
cm) at 48 h (p < 0.05) when compared with baseline (29.1 £ 3.0 cm). The arm
circumference was also significantly (p < 0.05) g.reater than baseline (29.1 + 3.0
cm) at 72 and 96 h (29.5+3.0cmand 29.4 +£2.9 cm, respectively). These data
showed that edema persists for more than 96 h, irrespective of the how many
maximal eccentric contractions were performed.

There was no significant group-main effect found for arm circumference (9

cm) [F value (20, 21.09) = 0.5, p > 0.05]. This leads to a conclusion that arm

- circumference (9 cm) was similar for the groups throughout the study. To further

examine this research hypothesis more thoroughly, it was deemed necessary to
further inspect group differences by eliminating the averaging effect of baseline
on group data. A ohe-way ANOVA examining group differences for arm
circumference (9 cm) at baseline yielded a non-significant results [F (2.;,, 21.00= 0.6,
p > 0.05]. Follow-up analysis using univariate ANOVA for group differences was

then done after collapsing the four post-exercise time points excluding baseline.
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Table 5

Arm Circumference (9 cm): ANOVA Summary Table

48

Source SS daf - MS F p
Time .3.8 23 1.7 11.2 0.004*
Error.(time) 7.2 48.4 0.2
Group 41.9 2.0 20.9 0.5 0.646
Error (group) 985.7 21.0 46.9
Group x Time- 1.0 46 0.2 1.5 0.200

Note: * denotes significance (p < 0.05)
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ANOVA results were not significant for group [F (20, 93.6) =1.77, p >0.05].
Accordingly, it appears that groups had similar swellini; and number of-
contractions does not impact the amount of arm swelling when measured at 9

cm.

Relaxed Arm Angle (RANG)

A 3 x 5 (Group x Time) RM ANOVA with repeated measures on -time was
done to identify differences RANG among three groups. Mauchly's test of
sphericity was sighiﬁcant (p < 0.05) and thus Greenhouse-Geisser was used to
calculate the Group x Time interaction effect. A signifibant interaction [F (5.2,547)
= 4.16, p < 0.05] was observed indicating that groups behaved differently across

time for RANG (Table 6). A univariate ANOVA was done to identify group

._diﬁérences at each time point. No significant differences were found between'

groups for any of the time points (g > 0.05). Perhaps the statistical power was not
large enough, or variability in data was too great to locate any significant |

differences. .

There was also a éigniﬁcant time:main effect found for RANG
[F 26,547 = 20.8, p < 0.05]. Pairwise bomparisons were done wifh Bonferroni
adjus_tment to compare group means among time points. The comparisons
revealed a significant increase in RANG compared to baseline (p < 0.05) at all

four subsequent times. Examining Figljre 7 it can be seen that the RANG was

| greatest (24.9 £ 4.6 degrees) at 48 h (p < 0.05) when compared with baseline

(22.7 + 4.6 degrees). The RANG was also significantly (p < 0.05) greater than
baseline (22.7 £ 4.6 degrees) at 72 and 96 h (24.2 £ 4.9 and 23.9 + 5.1 degrees,
respectively). These data show showed that stiffness and swelling associated

with eccentric exercise persists and complete recovery takes longer than 96 h.




Table 6
RANG: ANOVA Summary Table
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Source S df MS F P
Time 705 25 275 22.0 0.000"
Error (time) 702 547 13
Group 2176 2.0 108.8 0.9 0.405
Error (group) 2421.1 21.0 115.3

5.3 4.2 0.002*

Group x Time  27.9 5.2

Note: * denotes significance (p < 0.05)‘







53

There was no signiﬁcant group main effect found for RANG [F value ¢,
21.0) = 0.94, p > 0.05]. This indicates that increase in RANG was similar bétween ’
“groups. To examine this research hypothesis more thoroughly, it was deemed
necessary to further inspect group differences by eliminating the averaging effect
of baseline on grodp data. A one-way ANOVA examining group differences for
RANG at baseline yielded non-significant results [F 20,210 = 0.45, p > 0,05],
Follow-up analysis using univariate ANOVA for groUp differences were then done
after collapsing all the four postexercise time points excluding baseline. ANOVA
results were significant for group [F (20,93.00= 4.7, p < OA.05] demonstrating that
there was a significant difference in RANG for at least one between-group
analysis. Post-hoc t-tests with Bonferroni adjustments were significant (p < 0.05)
and figure 8 shows that the 20-repetition group had a smaller increase in RANG
than the 40- and 6d-repetitions group. Accordingly, it appears that as the number
of maximal eccentric contraction increases, so does muscle stiffness and
therefore RANG. The change in RANG across four day post-soreness induction
for the 20 repetition group was approximately 12 % lower than the changes in the
40- and 60-repetition groups. Therefore, eccentrically-induced muscle damage
can be differentiated into two discrete levels based on the manipulétions used in
this study. ‘
Elbow Range of Motion (ROM)

A 3 x5 (Group x time) RM ANOVA with repeated measures on time was
done to identify differences in ROM between the three groups. Mauchly's test of
sphericity was significant (p < 0.05) and thus Greenhouse-Geisser was used to
calculate the Group x Time interaction effect. No significant interaction [F (4.0, 42.2)
=1.2, p > 0.05] was observed indicating that groups behaved similar across time

for ROM (Table 7).







Table 7

ROM: ANOVA Summary Table

Source SS of MS F p
Time 536.8 2.0 2671 14.3 0.000*
Error (time) 789.8 42.2 " 18.7
Group | 527.6 2.0 263.8 0.9 0.430
Error (group) 6294.5 21.0 299.7
Group x Time  90.6 4.1 22,5 1.2 0.323

Note: * denotes significance (p < 0.05)
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There was, however, a significant time main effect found for. ROM [F 20,
422) = 14.3, p < 0.05]. Pairwise Corhparisons were done with Bonferroni-
adjustment to corﬁpare means among time points. The comparison revealed a |
sign?ﬁcant decrease in ROM compared to baseline (p < 0.05) for all four |
subsequent time measures. Examining Figure 9 it can be seen that the reduction
in ROM was greatest (136.3 + 9.5 degrees) at 4é h (p < 0.05) when compared
with baseline (142.5 + 8.0 degrees). The ROM was also signiﬁsantly (p < 0.05)
lesser than base!ine (142.5 £ 8.0 degrees) at 72 and 96 h (138.4 + 7.2 and 139.4
+ 6.5 degrees, respectively). These results showed that stiffness associate with
eccentric exercise persists and complete recovery takes longer than 96 h.
There was no significant group main effect found for ROM [F (20, 21.0) = '

| 0.88, p > 0.05]. This indicates that reduction in ROM was similar for the groups
throughout the study. To examine this research hypothesis more thoroughly, it
was deemed necessary to further inspect group differences by eliminating the
'ave'ra'ging effect of baseline on group data. A one-way ANOVA exarmining group.
differences for ROM at baseline yielded n"ansigniﬁba'nt results [F (2.0, 21.0)= 0.11,
p > 0.05]. Follow-up analysis using univariate ANOVA for group differences was
then done after collapsing all time points except baseline. The ANOVA results |
were signiﬁcaht between groups [F (20, 93.6)= 4.5, p < 0.05] demonstrating that
there was a significant difference in ROM for atleast one between-grbup analysis.
A post-hoc t-test with Bonferroni adjustment was significant (p < 0.05) and figure
10 shows that 60-repetiton group had a larger reduction in ROM than 20
repetition group. Accordingly, it appear‘s that as the number of maximal eccentric
contraction increases, so does muscle stiffhess, which leads to greater reduction
in ROM. Examining ROM across the four day post-soreness induction period,

ROM was 4.18 % high in the 20-repetitio‘n group than 60-repetition group.
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Therefore, eccentrically produced muscle damagé as measured by ROM can be
divided into only two discrete levels as based on the manipulations in this study.

DDS (Sensation)

A 3 x5 (Group x Ti_me) RM ANOVA with repeated measures on time was
done to identify differences in DDS sensation among the three groups. Mauchly’s
test of sphericity was significant (p < 0.05) and thus Greenhouse-Geisser was
used to calculate the Group x Time interaction effects. No significant interaction
[F (5.7, 59.5 = 0.59, p > 0.05] 'was observed indicating that groups beéhaved similar
across time for DDS (sensation) (Table 8).

There was, however, a significant time main effect found for sensation [F
2.8,59.5) = 33.3, p < 0.05]. Pairwise comparisons were done with Bonferroni
adjustment to cdmpare means between time points. The comparisons revealed a
significant increase in sensation compared to baseline value (p < 0.05) for all four
subsequent time measures. Examining Figure 11 it can be seen that the
difference £ SE (5.6 + 0.66) in sensation was greatest (5.6 £ 3.2) at48 h (p <

- 0.05) when compared with baseline (0.0 £ 0.0). The sensation was significantly
~ (p < 0.05) greater then baseline at 72 and 96 h (4.1 +3.0and 2.9 £ 2.7, |
respectively). These data showed that pain persists longer than 96 h after
eccentric exercise. |

There'was no significant group main effect found for sensation [F 2.0 21.0) =
0.47, p > 0.05)]. This indicates that sensation was similar for the groups
throughout the study. To further examine this research hypothesis more
thoroughly, it was deemed necessary to further inspect group differences by
eliminating the averaging effect of baseline on group data. All the subjects had
no pain sensation prior to exercise session; hence groups were same at the

baseline. A univariate ANOVA for group differences were then done after




Table 8

DDS (Sensation): ANOVA Summary Table
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Source SS df MS F p
Time 4491 28 1585 - 334 0.000*
Error'(time) 2825  59.5 4.7
Group - 206 2.0 10.3 0.5 0.632
Error (group) 462.4 21:0 221
Group x Time 15.9 5.6 2.8 0.6 0.726

Note: * denotes significance (p < 0.05)
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collapsing the four postexercise time points excluding baseline. The ANOVA
results were not significant between groups [F (2.0, 93.00= 1.2, p > 0.05]. Thus, the

number of muscle contractions did not affect the sensation of muscle soreness.

DDS (Unpleasantness)

A 3 x 5 (Group x Time) RM ANOVA with rebeated measures on time wés
done to identify differences in DDS (unpleasantness) among the three groups.-
Mauchiyls test of spheric{ty was signiﬁcént (p < 0.05) and thus for this val;iable
Greenhouse-Geisser was used to calculate_ Group x Time interaction effect. No
significant interaction [F @6, 486 = 1.3, p'> 0.05] was observed indicating.that

_groups behaved similar across time for DDS (unpleasantness) (Table 9).

There was, however, a significant time main effect found for
uhpleasantness [F 2.3,486)= 9:6, p < 0.05]. Pairwise comparisons were done to
compare rﬁeans between time points. The comparison revealed a significant
increase in unpleasantness after baseline (p < 0.05) at all four subséquent time_
measures. Examining Figure 12 it can be seen that the unpleasantness was A
greatest (3.5 + 4.3) at 48 h (p < 0.05) when compared with baseline (0.0 +0.0).
The unpleasantness was significantly (p < 0.05) greater (2.5 £3.3) at 72 h, but
not at 96 h (1.7 + 3.2) when compared with baseline. This data showed that the
unpleasantness associated with eccentric exercise resolved in 72 hours.

There was no significant group main effect found for unpleasantness [F
20,21.0) = 2.4, p > 0.05]. fhis indicateé that sensation was similar for th‘e gr()ups
throughout the study. To further examine the research hypothesis, it was deemed
necessary to further inspect group differences by eliminating the averaging effect
of baseline.on group data. All the subjects had no unpleasantness prior to the
soreness-induction exercise session; hence groups were the same at the
baseline. A univariate ANOVA for group differences were done after collapsing

the four postexercise time points échUding baseline. ANOVA results were
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Table 9

‘ _ (.
DDS (Unpleasantness): ANOVA Summary Table

Source S daf MS F p
Time - 1754 2.3 75.8 96 0000
Error (time) 2825 595 4.7 |
Group 1485 2.0 74.3 | 2.4 0.117
Error (group) 4624 21.0 221
Group x Time 485 46 10.5 1.3 10.270

Note: * denotes significance (p < 0.05)
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significant between groups [F (20, 93.0)= 7.9, p < 0.05] demonstrating that there
was a significant difference in ROM for atleast one between-group analysis.
Post-hoc t-tests with Bonferroﬁi adjustment were significant (p < 0.05) and Figure
13 shows that 60;repetitons produced greater unpleasantness than seen in the
20-repetition group. Accordingly, it appears that as the number, of maximal
eccentric contraction increases it causes greater unpleasantness and mood
change. Examini'ng unpleasantness across the four days post-soreness
induction, the unpleasantness was 75 % lower in the 20 repetition group than the
60- repetition group. Therefore, eccentrically produced muscle damage. as
measured by DDS (unpleasantness) can be divided into only two discr'eté levels
based on the manipulations used in this study.

Creatine Kinase

_ A 3 x 5 (Group x Time) RM ANOVA with repeated measures on time was
done to identify differences in CK between the three groups. Mauchly’s test of
sphericity was significant (p < 0.05) and thus for this variable Gréenhouse-
Geisser was used to calcﬁlate the Group x Time interaction effect. No significant
interaction [F (25, 256) =1.5, p > 0:05] was observed indicating that groups
Tbehaved similar across time for CK (Table 10).

There was ho significant time main effect found for CK [F (13 256 = 2.97, p
> 0.05]. Examining Figure 14 it can be seen that no significant differencé in CK
Was found across time. This lack of significance despite of upward trend might be
explaine'dv by large standard deviation seen in CK at each point.

| There was no significant group main effect found for CK [F (2.0, 21.0) = 1.38,

p >0.05]. This indicates that CK is similar between groups throughout the study.







Table 10

CK: ANOVA Summary Table.

67 -

MS

Source SS 7 df F p
Time 53691586.6 1.3 41938288.2 2..9 0.088
Error (time) ‘ 36 256 14076612.9 ‘
Group 1.0 2.0 50038462.7 1.4 0.274
Error (group) 72 20.0 36159417.2
21497476.4 1.5 0.234

i Group x Time 55044383.9 2.5

Note: no significant difference (p > 0.05)
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To examine this research hypothesis mere thoroughly; it was deemed necessary
to fu‘fther inspect group differences by eliminating the averaging effect of
baseline on group data. A one-way ANOVA examining group differences for CK
'_ at baseline yielded a non-significant results [F (20, 21.0) = Q.12, p > 0.05]. Follow-up
ahalysis using univariate ANOVA for group differences was then done after
collapsing the four postexercise time points excluding baseline. ANOVA results
‘were signiﬁcant between groups [F (2.0, 93.0) = 5.06, (p < 0.05) demonstratihg that
there was a significant difference in CK for atleast one between'-group analyses.
Post-hoc t-tests with Bonferroni adjustments were significant (p < 0.05) and
‘Figure 15 shows that 60-repetiton group had a greater increase in CK than 20-
repetition and 40-repetition groups. However, there were no significant (p > 0.05)
differences between 20- and 40-repetitions group. Aecordingly, it appears that a
great number of maximal eccentric contractions causes muscle damage and
" therefore significantly greater CK levels. Examining CK across the four day post-
soreness induction period, it is seen that the CK levels were 91% and 77%
higher in the 60¥repetition group compared to 20- and 40-repeiition greups,
- respectively. Therefore, eccentrically produced muscle damage as measured by
CK can be divided into two discrete levels as based on the manipulations used in
this study. _ |
Sumrh'am

| We studied the effect of three different volumes of eccentric exercises on
physical measures as well as soreness-rating and CK levels, The variables
showed varying sensitive to three exercise protocols. PT is most sensitive
as all three groups were significantly different following the soreness-inducing
Apr'otoc»ol. All other physical measures were not sensitive enough to allow fof three

~discrete level of soreness to be detected. We did not find any group difference in
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sensation ratings, while there was difference in unpleasantness between 20- and
60-repetiton groups. A significant time-main effect was found for all the variables.
but CK. The change in most variables peaks at 48h and begin to reduce
therea%ter. Variability in CK can be attributed to large standard deviations in each
group. There wés not any significant time-main effeét observed, however CK was
most pronounced in 60-repetiton group and kept on increasing until 96 h. Hence,
it can be concluded that some variables are more sensitive to eccentric exercise
volume than others and DOMS can be differentiated into discrete levels using

certain variables with PT apparently being the most useful.




Chapter §
DISCUSSION
Damage to skeletal muscle after novel eccentric exercise is well
documented (Armstrong, 1984). Muscle fatigue, chronic force loss, pain,
swelling, and leakage of muscle-s_peciﬁc enzyme (e.g. CK) are common following
unaccustomed eccentric exercise. 'The purpose of the present study was to
attempt to manipulate the extent of DOMS by varying thé exercise volume (i.e.
number of eccentric contractions). The dependent variébles measured were each
significantly changed after the soreness-inducing protocol. Moreover, varying the
number of eccentrié contractions did not affect all variables equally. This chapter
discusses these results in following subéections; 1) Varying repetition number
and physical measﬁres; 2) Varying repetition number and soreness rating; 3)
Varying repetition number and CK; 4) Time course of soreness-induction; 5)
.Practical implications; and 6) Surhmary.

Varvying Repetition Number and Physical Measures

The primary aim of this study wasrt'o see if one could separate physical
measures that describe DOMS into three disc;rete levels depending on the
number of eccentric repetitions performed by the subjects. PT was a primary
variable of interest as soreness-induced muscle damage is directly correlated
with the loss in muscle strength (Warren et al., 1999). | observed a significant
decrement (13.6%, 32.9%,’and 47.3% with 20-, 40- and 60-repetitions,
respectively) when compared with baseline in the eccentric strength of the triceps
folldwing the eccentric exercise protocol. This PT decrement following soreness-
- induction corresponded well with previous literature.on DOMS (Brown et al.,

1997; Cleak & Eston, 1992; Lenn et al., 2005; & Paddon-Jones et al., 1997).

72




73

Most previous studies used one exercise intensity to cause and/or attempt
to manage DOMS (Lenn et al., 2001; Paddon-Jones et al., 1997; Zainuddin et al.;
2005). Brown et al. (1997), however, examined the effect of three intensities of
eccentric exercise and found that maximum voluntary contraction was most.
~ affected after greater exercise effort. The present study agreed with Brown et al.
(1997) in that, as the amount of eccentric exercise increased: the-more PT was
reduced. In the four days after soreness induction, there was 47.3% loss after
60-repetitions, a 32.9% loss after 40-repetitions arrd only a 13.6% loss in PT after
20-repetitons. Hence, the decrement in PT was directly related to the 'émount of
novel eccentric work performed in a near linear fashion.

The 47. 3% decrement in strength following 60-repititions in this study is
" similar to the.46% reduction in maximum voluntary contraction foIIowrng 50

maximal eccentric contractions of elbow flexors measured by Prasartwuth et al.
(2005). Zainuddin et al. (2005) found a 60% reduction in isometric strength |
"immediately after 60 maximal eccentric biceps contractions, which remained low
for.the following 48 h. So the present average loss of 47.3% over four days in the
60-repetition group is consistent with previous results. Slight differences between
present result and the work of Zainuddin et al. may be attributed to using different
muscle group (i.e., triceps vs. biceps) and‘the type of contraction (i.e., eccentric
vs. isometric) used to cause muscle injury. In summary, the extent of muscle |
damage and subsequent Ibss in PT is directly influenced by the magnitude of
- éccentric éxercise used to cause DOMS. | |
4 DOMS is also associated with significant increases in swelling, stiffness,_
which increase RANG and-decreased ROM (Armstrong, 1984). FoIIowing
eccentric exercise an mﬂammatory reaction in muscle causes the accumulation
of inflammatory substances and subsequent edema (Smith,1990). A srgnrﬂcant

increase in arm circumference was found across all eccentric-exercise groups.
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Swelling at 2 cm from the lateral epicondyle of the humerus was significantly
different between 20-and 60-repetition groups. This suggests‘that greater
eccentric effort (i.e., 60-repetition) leads tb greater muscle damage and leakage
of inflammatory substance, and therefore, more edema than fewer repetitions.
The arm circumference or swelling measure was, however, less sehsitiv‘evto
variations in exercise intensity than PT, could not be diffé_rentiated as arm
swelling into three discrete levels. Swelling may be a less sensitive measure than
PT because it involves an inflammatory reaction in muscle as well as in the peri-
muscular connective tissues (Cheung et al., 2003). Hence, swelling occurred

| secondary to muscle damage.

In contrast to the arm circumference measure at 2 ém, there were no
differences in arm circumference among t;1e groups when measured at 6 and 9
cm from the lateral epicondyle of humerus. ‘The arm circumference data from
this study suggest that only the 2 cm site can be used to distinguish levels of
muscle damage (i.é., severe and mild) associated With high and low amounts of
novel eccentric exercise.

A between groupé analysis fpr RANG revealed results similar to sweilin‘g.
There was a significant difference in RANG between the 20- and 40-, and 20-and
- 60-repitition groups, but no difference between the 40- and 60- repetition groups.
This ﬁnding suggests that the higher repetition groups adoptédfa more flexed
posture and likely suffered greater discomfort while relaxing the arm, which
indicates that they suffered more swelling. The peak change ih RANG was 3.6
degree decrease at 48 h after 60 maximal?agcentric triceps contractions. In
contrast, Cleak and Eston (1992) found a 26 degree decrease in RANG after 70
maximal eccentric elbow flexor contractions at 96 hours. The difference in results
between the studies may be due to using a slightly less intense protocol (i.e., 60

maximal eccentric contractions) for a different muscle (i.é.; triceps). In addition,
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-in bresent study subjects did their eccentric exercise on a Cybex isokinetic
| dynamometer with constant speed of 90°-s™, whereas Cleak and Eston (1992)
had their subjects manually lower their forearm against resistance.

The present study also found that 60-repetitions cauéed a greater

reduction in ROM than 20-repetitions, which also supports the contention that
: rﬁore repetitions caused greatér inflammation and sensory stimulation than fewer

‘repetitions. Similar to arm swelling, no difference was observed between the 40-
" and 20- and 40- and 60- repetition groups, sUggesting that ROM was also
comparatively less sensitive thah PT in discerning difference among groups that
completed various amounts of exercisé. In all, arm swelling, RANG, and ROM
are capable of distinguishing betWeen mild and severe DOMS-induced muscle
damage. These variables are not as sensitive as PT in differentiating moderate
levels of muscle damage from varying levels of insult.

Varying Repetition Number and Soreness Rating

Muscle soreness following a novel eccentric exercise protocol is well
documented (Armstrong, 1984). Previous research consistently shows increased
pain ratings,following‘ various sore‘ness-induction protocols (Cleak and Eston,
1992; Friden et al., 1986; Lenn et al., 2002; & Zainuddin et al., 2005). In this
study the DDS scale was used to assess arm sensation and unpleasanthesé
asso'ciafed with eccentric-exercise induced soreness. Surpriéingly, there were no
group differences for sensation of sorenéss, suggesting that all subjécts,
regardless of exercise protocol, had similar pain sensations. The degree of
wdivscomfort was similar to that reported by Hilbert et al. (2003), who measured
muscle soreness in subjects who completed eccentric hamstring curls. In
contrast to the present study, Brown et al. (1997) found that subjects who
performed greater repetitions had greater soreness. The reason for inconsistency

between the studies may be the different method of soreness rating used. Brown
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et al. used an analog measure of muscle soreness, whereas we used the DDS,
which is a more complicated rating scale. Perhaps subjects had d'ifficulty using
the DDS leading to poor sensation raﬁng. | |

' Unlike the sensation of soreness, we found that there was a significant
difference in soreness unpleasantness between the 20- and 60-repetition groups,
as the subjects who did more repetitions had greater unpleasantness than
subjécts who did fewer repétitions. Similar to arm swelling, RANG, and ROM, the
unpleasantness measure was not fully sensitive to exercise intensity, as no
difference was observed between the .40-repetition group and the 20- and 60-
' re‘petitio‘n groups. The greater psychological disturbances associated with higher
repetitions may be attributed to limitations in activities of daily living associated .
with triceps swelling and reduced ROM.

Varving Repetition Number and Creatine Kinase

Many studies have assessed the presence of muécle—speciﬂc proteins in
the blood following an unaccustomed maximal eccentric exercise protocol. CK is.
considered the most accepted indirect enzymatic, marker of muscle damage and
is widely analyzed in DOMS related research (Brancaccio et a!., 2007; Brown et
al., 1997; Lenn et al., 2002; Maim et al., 2004; Paulsen et al., 2005; Zainuddin et
al,, 2005). A sig_niﬁcant' group difference was found across the four days after
soreness induction, with CK activity greatest after 60-repetitions compared to 20-
~and 40- repetitions. These data suggest that only the greatest effort (i.e., 60-
‘repetitions) resulted in more muscle damage, thereby leading to leakage of CK
into the blood. A study by BFO\;VFI et al. (1997) shéwed that there was significant
increase in CK levels after 30 and 50 maximal eccentric quadriceps contractions
but not after 10 repetitions. Despite some inconsistency in results, the-se studies
indicate that only higher volume of eccentric exercise leads to significant muscle

damage and subsequent CK leakage.
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CK level did not resolve by 96 hours afte'r_odr soreness-induction protocol
in this study, which agrees with other research (Brancaccio et al., 2007; Paulsen
et Aal.,20_05). Collectively data from these and the current study show that peak
CK occurs 96 hours after heavy soreness—induction session. Other studies have
found a biphasic pattern for changes in CK levels éfter eccentric exercise; initially
CK levels increase and then decline -slig‘htly i.n the next 47 hours. They then rise -
_, agvain, peaking at 96 hours (Armstrong et al., 1983; Brancaccio et al., 2007; &
Paulsen et al., 2005). These researchers suggested that the first increase in CK
is due to the initial injury to muscle and the second élevation results from the
phagocytic infiltration that occurs in response to the initial injury. There was no
biphasic increase in CK in the present study; instead CK levels rose steadily rise
for 96rh6urs. In summary, within the limits of this study (only 96 hours of
measurement), CK was comparatively less sensitive than PT in differentiating
among vario‘us levels of muséle soreness. ltis possible that greater efforts are
required to cause membrane damage, as lower repetitions did not appear to
cause sufficient muscle damage to induce subsequent elevations in CK levels.

Time Course of Soreness-Induction

The consequences of maximal and novel eccentric exercise were studied
over four cvonsecutive days. Most DOMS-related studies complete multiple
measurements following soreness-induction to assess the time course of muscle
damage. All the dependent variables in the present study were impacted as
anticipated over the four days, indicating that the soreness-inducing protocol led
to muscle damage and associated inflammatory response. The result was pain,
swelling, stiffness, loss in muscle function, and leakage of muscle-specific
enzymes (i.e., CK) into the blood. These findings are consistent with previous
research (Armstrong, 1984). The inténsity of discomfort associated with DOMS is

said to start in the first 24 h post-exercise, peak between 24 and 72 h




78

postexercise and resolving in five to seven days (Armstrong, 1984; Cheung et al.,
2003; Cleak & Eston, 1992). As expected it was found_that all physical measures,
as well as reported soreness levels, peaked at 48 h after baseline and most did
not return to baSeiihe IeveIs"by the fourth day. | .

It is documented that PT deficit is maximum between 24-48 h following
DOMS-inducing exercises (Sinith, 1992). ltis uniformly believed that the
immediate postexercise reductions in PT are attributed to fatigue but later
reductions are due to myofibrillar damage (Fride_n et al., 1983). Invthe present
study, PT did not return to the preexercise value by four days postexercise. |
Hence, PT recovery foIIowing DOMS took longer than four days, which agrees
with most DOMS research (Armstrong, 1984; Cheung et al., 2003, Connolly et
al., 2003). |

There was a significant increase in -arm circumference at all measured -
 sites over the four days following soreness induction. This finding is consistent
with other studies that found a uniform increase in circumference following
| eccentric exercise (Cleak & Eston, 1992; Lenn et al., 2003). Lenn et al. (2003)
fo'und that at 48 h post-injury, arm circumference increased from 28.4 + 3.3 and
29.7 3.4 cmt029.2 + 3.3 and 30.2 £ 3.5 cm, respectively, at 70 and 100 mm
from the lateral epicondyle compared to baseline. These values are consistent
with the piesent findings at 6 end 9 cm at 48 h; at these sites, arm circumference
increased from 27.7 £+ 2.8 and 29.1 + 3.0 cm t0 28.3 + 2.7 and 29.6 + 2.9 cm,
reepectively, compared to baseline.

A significant increase in RANG was found for all four daye postexercise;
the change in RANG peaked at 48 h values did not return to baseline by 96 h.
Lenn et al. (2003) also found a significant change in RANG at 48, 96, and 168 h
after 50 makimal eccentric triceps contractions. The peak change in RANG in

their study was also at 48 h after soreness-induction. This decrease in RANG,
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the time of the peak change, and the time course for resolution was similar
between the two studies.

There Was also a significant reduction in the range of active elbow flexion
for the four days post-soreﬁess induction. Tr,le finding coincides with most other
studies (Armstrong, 1984; Zainuddin et al,, 2005). Zainuddin et al. (2005) found
an immediate 30% reduction in elbow flexion after 60 maximal eccentric biceps
contractions. A maximum reduction of only 6.5 % was found presently following
60-maximal eccentric triceps contraction at 48 h; ROM began to increase
thereafter but was still significantly lower thén baseline at 96 h. Hilbeﬁ et al.
(2000) found a reduction of 16.3% at 48 h after 60-maximal eccentric quadriceps
contractions. The reason for inconsistencies might be related to the different
muscle groups studied (i.e., triceps vs. hamstring).

The pain associated with DOMS peaked 48 h-after soreness induction.

| After 48 h, soreness started to resolve but did not return to baseline until 96 h. It '

is believed that the course of soreness development is usually different from the
change in muscle strength, ROM, arm circumference, and CK (Nosaka et al.,

2002).- We found that the time course for all physical measures coincided with

- soreness-except CK, which did not peak until 96 hours post-soreness induction.

Zainuddin et al. (2005) found a significant increase in CK two days
folldwing 60 maximal-eccentric biceps contractions; CK remained elevated for 10
days in their study. There was no significant difference in CK across time or |
among groups in the present study, which is consistent with data from Lenn et al.
(2002). Much of the inconsistency in CK data among studies is due to the great
variability in CK bothr within and between subjects’(Lenn et al., 2002).

Based on theée data and other studies, most of the damage associated

with DOMS seems to occur in first two days postexercise and takes longer than

four days to resolve. There is probably a relationship between the sorenéss—
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“induction effects on range of motion, strength loss, arm circumference, and pain
?nd unpleasantness, as the changes‘in these variables all peak at ;18 h. There is,
however, no similar increase in CK and its time course does riot clearly coincide
with any other physical measures. Thus, there is no clear relationship between
the changes seen in CK and the changes in other variables. This finding may be
due to the differences in time course for the associated changes. The other |
variables peak earlier than the changes in CK. In addition, the variability in the
CK data makes such comparisons difficult.

Practical Implications

According to the present study, the extent of muscle damage and
subsequent loss in PT is directly influenced by the magnitude of eccentric |
exercise that causes DOMS. Considering‘future research, the measurement of
PT can be used to identify levels of soreneés allowing various treatments to be .
examinéa on three levels of DOMS. Other variables (swelling; RANG, ROM,
DDS, and CK) can be used to more grossly distinguish the effect of treatment on
two levels of DOMS. Itis conceivable that we will learn t.hat treatment for DOMS
can be‘ modulated depending on degree of muscle damage as measured by
strength loss. The findings of this study are applicable to real world conditions,
as DOMS_ is the most common consequence following novel eccentric gxercise
or the initial phase of spbrts training. Ultimately, the findings from the study could
be beneficial for rehabilitation specialist. This study shows how to distinguish
levels of DOMS, which may help in se_lecting the most effective of various
interventions to improve patient comfort. Hence the amount of strength loss
occurring with DOMS may indicate a particular mode of treatment and thereby
improve recovery time. .

Some treatment modalities may be effective with lower degrees of DOMS

but not acceptable for a higher degree of damage. Massage, for example, m‘ay
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effectively treat mild to moderate soreness, whereas it may not be useful in
treating severe soreness. Research needs to be done to see which treatments
can impact different levels of DOMS, especially lower levels of muscle soreness,

as almost all previous research has focused on treating a very high level of

- DOMS induced by extreme soreness-induction protocols (Lighfoot et al., 1997;

Paddon-Jones et al., 1997; Zainuddin et al., 2005).

The findings of this study may also be beneficial to sport trainers. For
example, since the amount of DOMS is directly related to eccentric effort, sport
trainers may Change the initial phase of a éports-training_program to minimize
mus‘cle déma‘ge. '

. The findings of this study may also be applicable to research on the |
mechanisms that cause DOMS. Lower degree of DOMS may be associated with
less muscle damager and subsequent inflammation co'm'pa_red to higher degree of
DOMS. Future research on the mechanisms behind DOMS should consider the -
level of soreness induced by the exercise protocol before drawing conclusions.

| . Summary

Manipulating the amount of exercise can vary the degree of muscle

damage as determined by measuring a host of variables. PT,_howeVer, is more

" sensitive to novel eccentric eéxercise volume than the others. As the most

sensitive variable, PT can be used to differentiate among mild, moderate, and
severe muscle damage. This knowledge may lead to determining treatments that

are effective for specific levels of DOMS.




Chapter 6

'SUMMARY, CONCLUSiON AND RECOMMENDATIONS

Summary

The primary purpose of the present study was to determine if the extent of
delayed onset muscle soreness (DOMS) following eccentric éxercise could be
manipulated by varying eccentric exercise volume. If so, this might be valuable
info-rmation as researchers attempt to déte‘rmihe if specific treatments more
effectively resolve various level of soreness. The capability to manipulate the -
degree of DOMS may also enhance our ability to understand the underlying
mechanism for DOMS. To that end, 24 college-agedlsubjects (méles n=12,
females n=12) were assigned to three groups, each of which completed an- |
eccentric exercise protocol that included either 20-, 40-, or 60-repetitions with the
triceps muscle of the non-dominant arm. Arm circumfe_rence (at 2, 6, and 9 cm),
ROM, RANG, PT, DDS, and CK were each measured at baseline and 24,48, 72,
and 96 h after the eccentric exercise bout.

A 3 x5 (Group x Time) RM ANOVA was used to assess grodp ahd time
differences for each variable. Subsequent UniVariate ANOVA were completed to
exclude the effect of baseline values on group data. Analyses showed that it was
possible to manipulate DOMS by varying the amount of exercise as determined
by the aforementioned measures. Additionally, PT proved to be the most
sensitive variable enabling differentiation among three Ie\'/els}of muscle soreness.
The other variables were less sensitive and could onl'y differentiate soreness into
two discrete levels. The values for all the measures other than CK peaked at 48

h post soreness- induction, which suggests these variables are well correlated.
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CK peaked at or after 96 h and was quite variable across time and between
subjects.
' Conclusions
The results of this study yield following conclusions:
1. DOMS can be manipulated by varying the volume of novel eccentric
exercise.
2. PT is the key variable to assess the magnitude of muscle damage
following DOMS because it is most sensitive to varying exercise volume.
3. In the future, this information may prove valuable to rehabilitation and
sports medicine professionals who may be able to assess discrete levels
of DOMS using PT and then administrating the appropriate and most

effective treatment.

Recommendations

The following are recommended for further study:

_1. Examine the effect of manipulating fhe vexercise volume on DOMS in
different muscle groups. A

2. Determine how manipulation in exercise volume affects DOMS in different
age groups.

3. Determiﬁe the effectiveness of different treatments on the various levéls of
DOMS using PT as the key to distinguish between mild, moderate, and
severe DOMS. ,

4. Examine the changes and pathologies associated with the different levels
of soreness to identify better mechanisms leading to DOMS of mild,

moderate, and severe degrees.
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APPENDICES.
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APPENDIX A

Informed Consent Form
Manipulating the Extent of Delayed Onset Muscle Soreness

1. Purpose of the Study: The purpose of this study is to determine if three discrete levels of
soreness (e.g., mild, moderate, and heavy) can be induced in the triceps muscle in the non-
dominant arm.

2. Benefits: You may benefit from participating in this study because you will learn about the
Cybex dyramometer, a device used in many rehabilitation settings. You will also get first hand
experience on how scientific data are collected and receive extra credit. Last, it is expected that
your efforts will benefit the scientific community.

3. Your Participation requires you must be at least 18 years of age, able to perform maximal
eccentric triceps contraction on the Cybex dynamometer, and have not lifted weights with your
arms regularly (twice a week for at least a month) in the previous thrée months. All tests will be
conducted in CHS 401. If you participate, you will have to attend a familiarization session so that
you can learn about the Cybex and the various measures I will make in the study. This session
will last one hour. With these measurements I will assess your mood and muscle soreness with
questionnaires. I will also assess elbow range of motion with a goniometer shown in class, upper
arm circumference with a tape measure, and peak triceps strength with the Cybex, which will
require you to complete several efforts on the machine. One week after the first session, you will
report back to the lab. I will repeat many of these measures as described or shown with one
exception; I will mark your non-dominant arm with permanent ink so that I can maintain
consistency in circumference and range of motion measurements across the remainder of the
project. The ink will wash off after several days. Just prior to the exercise I will also draw 5 ml of
blood from a vein in your arm with normal procedures used in a medical clinic. You will then
complete an assigned number of maximal triceps eccentric contractions on the Cybex (24, 48, or
72 efforts). Immediately after the exercise and 24, 48, 72 and 96 hours later (1, 2, 3, and 4 days),
I will assess arm strength, range of motion, and circumference as shown. At 24, 48, 72 and 96
hours post exercise I will assess mood and muscle soreness and draw an additional blood sample.
Each lab visit will take approximately 20 minutes of your time. Thus, the experimental phase of
the project will require about two hours of participation time. Total participation time for the
entire project, therefore, will be about three hours. As stated, I will also draw five, 5 ml samples
of blood or 25 ml total over the course of the study. '

4. Risks of Participation: This experiment will make your arm'sore for several days. This
soreness is called delayed on-set muscle soreness (DOMS) and must of you have probably

_ experienced it. DOMS is associated with pain, tenderness, swelling; reduced range of motion, and
decreased muscle strength in the exercised muscles. These symptoms last for two to five days
depending on the severity of the damage and are mildly self limiting. To reduce your
inconvenience I will have you exercise only a small muscle group on one limb; in this case the
triceps muscle on your non-dominant arm. Thus, you will be able to walk normally and to use
both hands, such as to type or text after the exercise intervention. You may, however, have a
difficult time reaching for items with your non-dominant arm for several days. The symptoms
will resolve without any treatment in less than five days. You will not be able to take any anti-
inflammatory or pain medications for the duration of the experimental phase of the project; you
also cannot apply heat or cold to the sore region. In extreme cases involving large amount of
muscle tissue (whole body) and exercise, the resulting muscle damage may induce exertional
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fhabdomyolysis, which is characterized by fever, nausea, vomiting, and blood in urine.
Rhabdomyolysis can progress to renal failure in chronic stages. Rhabdomyolysis is extremely
rare in real world applications and not documented in the type of research proposed and related
projects, because they typically involve a small amount of muscle confined to one limb and a
limited amount of exercise. The study also involves venipuncture, which will be done with all
universal precautions to avoid risk of infection at the puncture site. .

5. Compensation for Injury: If you suffer an .injury that requires any treatment -or
hospitalization as a direct result of this study, the cost of such care is your responsibility. If you
have insurance, you may bill your insurance company. Ithaca College and the investigator will
not pay for any care, lost wages, or provide other compensation.

6. If you would like more information about this study at anytime prior to, during, or following
the data collection, you may contact Ankita Dubey at adubey1@ithaca.edu (513)-417-6139,
Professor Swensen at tswensen@ithaca.edu (607)-274-3114, or Professor Sforzo at
sforzo@ithaca.edu (607)-274-3359.

7. Withdrawal from the study: Participation in this study is voluntary and you may withdraw at
any time if you so choose. You will not be penalized for withdrawing.

8. Confidentiality: Information gathered during this study will be maintained in complete

confidence. Only the researcher will have access to this information, which will be stored in a

locked cabinet in Professor Swensen’s office in 321 Center for Health Sciences at Ithaca College

and on password protected computer. You and your name will never be associated with this

information in any reports. To further insure confidentiality, all files will be number coded and

data collection instruments. will be kept separately from Informed Consent Forms and sign-up
- sheets. .

I have read and understood the above document. I agree to participate in this study and realize
that I can withdraw at anytime. I also understand that I can and should address questions related
to this study at any time to any of the researchers involved. T also verify that I am at least 18 years
of age.

- Your Name (please print)

Your Signature Date




APPENDIX B

Medical History and Health Habit Form

Name: . Studént ID:

Age: Weighf: Sex:

Dominant Arm

Medical/Health History (please check all that apply)

[ ] Heart/Disease [ ]Lung Disease
[ ] Stroke [ ] Diabetes
[ ] Heart Murmur [ ] Epilepsy

[ ] Skipped, rapid or irregular heart thythms [ ] Injuries to shoulder, elbow, wrist,
fingers )
[ ]High Blood Pressure [ ] Soft tissue injury to upper limb

[ ]High Cholesterol

[ ] Rheumatic Fever

[ ] Other conditions/comments: (please explain)

Present Symptoms (please check all that have applied within the last six months)

[ ]Chest pain [ ] Shoulder, elbow, wrist swelling
[ ] Shortness of Breath [ JJoint/muscle injury requiring
medical attention
[ ]Lightheadedness [ ] Allergies (if yes, please list)

[ ] Heart Palpitations [ ] Muscle injury (upper limb)

[ ] Loss of consciousness
[ ]Ilness, surgery, or hospitalization
[ ] Other conditions/comments: (please explain)

Is your medication includes any pain relieving drug? [ ] Yes [ 1No
Current medications (please list all medications presently being taken)

Exercise Habits

Do you presently engage in physical activity? [ ] Yes [ 1No

If so, what type of exercise? [ JAerobic [ ] Strength Training [ ]
Both . ,

How hard do you exercise? [ ]Easy [ ] Moderate []
Hard

How many times a week do you work out on average?
How many times a day do you work out on average?
Have you ever had any'discomfort, shortness of breath, or pain while exerc1smg'?

[ ]Yes [ TNo
Have you participated in strength training protocol in last three month especially upper
limb?

[ ]Yes [ 1No
If so, please explain your training o ; .




APPENDIX C

24-Hour Health and Activity History Form

Name: ‘ . ' Date:

Current Health Status (please check all that apply)

[ ] Nausea [ ] Sore Throat

Headache

[ ]Body Ache [ ] Chills

Lethargyy

[ JNasal Drip . - [ ] Cramping

Muscle Aches

[ ]Chest Pain [ ] Shortness of Breath
Dizziness

DIET

Ha\}e you consumed alcohol in the last 12 hours? [ ]Yes
Have yoﬁ used caffeiﬁ‘e or nicotine in the last three hours? [ ]Yes
Did you eat any food in the last three hours? [ 1Yes
If so, please list: |

Has your diet changed drastically since the last exercise test? [ ] Yes
If so, please describe:

Exercise

Have you exercised in the last 24 hours? [ ]Yes
If so, please describe:

Has your exercise routine changed in last few weeks? [ ]Yes.

Iféo, please explain:

[]

[]

[]

[]

[ 1No
[ 1No
[ 1No

[ 1No

[ I1No

[ 1No
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"Over-the-Counter and/or Prescriptioh Drug Use
Have you taken.any over .ihe counter drugs (e.g., cold meds, analgeéics) in the last 24 hours?
[ 1Yes [ 1 No

Has there been any change in your use of prescription dArugs? [ ]Yes [ 1No

If so, please explain:

Injury
Have you experienced any physical pain in the last 24 hours? [ 1Yes [ ‘ ] No

If so, please explain:

Is there any physical injury we should know about before you perform the test?

[ 1Yes [ 1No
If so, please explain:
Sleep Pattern:
‘Has your sleep pattern changed since the last exercise test? [ ]1Yes [ 1No
Do you feel drowsy, tired, or run down at this time? ' [ 1Yes [ 1No

If so, please describe:

Has there been any change since the last exercise test that you feel could compromise your
performance on today's exercise test? _ < [ ]Yes
[ 1No

'If so, explain:

Other questions/comments/concerns please state below.
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APPENDIX D

Instructions

You are scheduled to atténd a familiarization session prior to actual test. Your performance
depends upon the adherence of these instructions:

—

Do not perform heavy exercise in the 24 hours preceding the test.

Do not drink alcohol for 12 hours preceding the test.

Do not use stimulants such as caffeine (e.g. coffee) or nicotine (i.e. cigarettes) for 3 h
preceding the test. ‘

Do not eat for one hour preceding the test.

Do not eat any food that may cause you discomfort the day of the test.

‘Do not use any pain medication ot any treatment to reduce your symptoms when you are

being tested, or after experiment for 4 days.

Avoid over-the-counter medications for the 12 hours preceding the test. (However, cancel
the appointment if you are ill and treat yourself accordingly; we can always reschedule)
Wear comfortable clothing during the test. (i.e. t-shirt, with loose sleeves or sleeveless t
shirt)

Please, sustain your same 11festyle habits (eating, exercise, medication, etc ) between
tests.

I thank you for your cooperation!
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APPENDIX E

Differential Descriptor Scale (DDS)

Differential Descriptor Scale (DDS)
Each word represents an amount of sensation.
Rate your sensation in refation to each word with a check mark.

. ' _ . Falint

- Moderate

- Barely IStrong

e . ——— —— i —— — —— W — —— o— — — — —— ——
——— . — — ——— - S— —— — — ——— ——— w— ey —

. s " —— ——— — i, WO — o —— S — e — o —

- ~ Strong

L, — T B —— L T VW am w— — ——— o — — ——

- ' Very mild

- Extremelr Intense

. — — — D e — —— f— O G  —— P a— —

- Very weak

- Slightly |Intense
. : Very Intense

- Mild
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Each word represents an amount of unpleasantness.

Rate your unpleasantness in relation to each word with a check mark.

- — Slightly Urpleasant

Ly = e e e —— — —— m—— pmm — —— ——

- Slightly /I\nnoying

—— e ——— S, w———— . —— ——— — —— o — —— —

Unpleasant

Annoying

" —— —— ——— W — — ——i - — ——

- Slight Dilstressing

- ) Very Unrleasant

D — — ——— — — — — — o— —— Sn— — —

——— A — — ——, —

— o — ——— —— —— —— G — wmw — gy ———

Distressing

Very Arlmoying

- Slightly ITtoIerabIe

- — ——— —— —— — —— — —

- Very Distressing _

Intolerable

- - Very Intolerable

— — e e mm w—— — —
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APPENDIX F
Soreness Data Collection Sheet

Name: ...ooovevieiniiiiieiiaenn, Subject ID.............cee.

1. Arm circumference: (three trials for each measurement)

Time | At2 om At6 cm 1 At9cm

1 2 3 1 2 3 ) 1 2
{ oh | ]
24h —
48h
72h
§6h
2. RANG:
Time 1 2 3
Oh
24h
48h
72h T
96h .

3. Elbow ROM: (three trials for each ROM)

Time Active elbow flexion ' Active elbow hyperext(below 0)

1 2 3 1 2 3

Oh

24h

48h

72h

96h

100




Name: ......coooevviiiionnnnnn.

Testing-arm: Right/Left

w

Dynamometer settings: '

Chair setting:
Rotation scale:
Back angle:

Fore aft Position:
Back Trans-lation:

Seat Position: Flat

Accessories:
Length adapter:

Hand grip:

........ Age/Sex

Soreness Data Collection Sheet (PEAK TORQUE)

.................. Subject

Dynamometer setting:
Rotation:”
Tilt:

Height:

Mechanical stops:

Gray:

Teal:

Peak Torque (Nm): (averaged peak torque for three maximal trials)
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Time

Oh 24h

48h

72h

96h

peak torque (Nm)




APPENDIX G

RAW DATA TABLES
Peak torque (Nm):
Group Oh 24h " 48h 72h 96h
a 38 27 20 22 22
" a 33 27 .28 41 35
a 45 39 46 49 46
a 58 .45 33 39 35
a 58 45 46 41 52
a 103 85 76 84 83
a 77 58 60 65 64
a- 75 76 89 89 114
b 37 22 23 23 24
b 76 43 49 50 49
b 75 50 37 39 60
b 60 46 61 65 72
b 49 27 24 26 22
b 73 39 39 41 47
b 53 42 33 30 33
b 41 39 34 31 26
c 58 19 16 22 22
c 39 16 18 20 15
c 50 27 31 23 22
c 43 22 15 12 . 18
c 49 2 19 16 20
c 46 31 23 20 24
c 35 26 22 26 33
c 81 57 57 68 65
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Arm Circumference at 2 cm (cm):

group Oh 24h 48h 72h 96h
a 26.7 27.5 27.8 284 26.8
a 26.5 26.6 26.7 26.5 265
a 25.1 25.1° 25.4 25.3 25.2
a 24.3 24.6 24.7 24.6 24.5
a 29.8 29.9 30.3 30.3 30.1
a 30.3 30.2 30.7 130.3 30.3
a 25.5 25.6 25.8 25.6 25.6
a 25.9 25.9 26 26.1 26.1
b 26.2 26.9 27.6 276 27.4
b 25.3 25.4 256 | 253 25.2
b 29.3 29.6 30 29.6 29.5
b 26.5 26.5 26.6 26.6 26.5
b 229 | 236 23.6 234 23.1
b 26.1 27.3 27.8 27.2 27.3
b 26.9 27.2 27.2 27.1 27.1
b 24.8 25.2 255" 25.6 25.1

C 24.5 25.2 25.5° 25 25.1
c 22.6 22.8 23.1 23.1 23
c 25.2 27.3 27.4 274 273
¢ 20.7 214 214 | 214 21.5
¢ 25.1 25.6 25.5 25.5 25.2
C 23.6 245 24.6 246 246
¢ 26.1 26.2 26.5 26.3 26.3
c 30.6 31.3 31.5

31.5

- 311
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- Arm Circumference at 6 cm (cm):

Group | Oh 24h 48h 72h 96h
a 28.8 29.1 29.5 29.6 29.4
a 289 28.9 28.9 28.9 289
a 26.1 26.2 26.6 26.5 26.4
a 25.4 25.7 26.2 25.9 25.9
a 312 | 316 316 32.2 31.8
a 33 33 33 33 33.0
a 27.5 276 | 278 27.8 27.7
a 27.2 27.2 28.2 27.7 277
b 282 | 288 29 29 28.9
b 26.4 27.5 27.6 27.4 27.5
b 31.7 321 32.2 32.1 32.1
b 28.5 28.5 28.4 28.4 28.4
b 234 .| 236 23.8 23.6 23.7
b 28.8 29.9 30 29.9 29.9
b 29.6 29.8 294 | - 29.6 29.6
b 25.8 26.2 26.5 26.6 26.4
c 26.1 27.3 27.4 27.2 27.3
¢ 23.9 24.3 24.6 1242 24.4
c 27.3 29 | 294 29.4 29.3
¢ 224 22.6 229 229 228
c 27.5 27.6 277 | 2715 27.6
c 25.5 25.6 26 26.1 25.9
¢ 28 28.2 28.2 284 | 284
c 33.7 34.4 34.4 34.1 33.9
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Arm Circumference at 9 cm (cm):

Group Ch 24h 48h 72h 96h
a 30.2 30.2 30.7 30.6 30.2
a 30.6 30.5 30.5 30.5 305
a 28 28 28.6 28 28.1
a 26.4 26.7 266 | 264 26.4
a 33.7 34 339 | 342 34.4
a 34.1 34.1 34.1 34.2 341
a 28.5 28.6 28.8 28.7 28.6
a 28.1 281 | 288 28.2 28.2.
b 30.2 30.5 30.6 30.1 30.1
b 27.9 29 29 29.1 28.9
b 335 33.9 343 343 33.8
b 29.2 29.2 29.1 29.2 29.2
b 23.5 23.8 23.9 239. | 238
b 302 | 316 | 316 31.4 31.4
b 30.6 30.8 30.8 30.6 30.5
b 271 | 274 277 |- 27.8 27.6
c 275 28.9 294 | 287 28.5
c 1259 26.1 26.2 26.1 26
c 29.1 29.2 30 31.3 30.8.
c 23.6 23.8 24.4 244 24.4
c 28.8 28.9 29 |- 289 28.9
c 258 26 26.6 26.7 26.6
c 29.6 29.6 29.6 29.5 296
c 353 | 354 35.5 354 353
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DDS (sensation):

Group Oh 24h . 48h 72h 96h
a 0 5.5 6.08 7.25 1.66
a 0 308 2.08 0.833 0
a 0 433 | 733 7.66 5.75
a 0 5.16 7.91 5.08 1.9
a 0 6.66 6.3 45 45
a 0 1.91 1.41 0.91 0.66
a 0 4.5 1.66 1 0
a 0 5.16 8.75 5.58 416
b 0 0.58 2.41 2.58 2.33
b 0 45 4.91 6.75 6.6
b 0 4.66 9.33 4.25 4.91
b 0 0 2.08 0 0
b 0 5.58 6.08 8.41 16.33
b 0 4 3.6 35 1.8
b 0 33 2.66 2.08 1.75
b 0 6.33 10.6 1.58 0.16
¢ 0 10.6 109 | 833 5
¢ 0 1.5 4.33 2.8 2.08
¢ 0 9 11.25 9.91 9.33
c 0 7.5 6.83 7 7.66
c 0 9.3 7.41 48 16
c 0 5.41 4.91 2.25 1.6
c 0 1 083 | o0 0
¢ 0 3.25 45 *0.42 0
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DDS (unpleasantness):

* Group oh 24h 48h 72h 96h
| a 0 33 3.41 1.58 0
a 0 0 0 0 0
a 0 0.66 5.08 6.33 3.16
a 0 0 25 2.08 1.16
a 0 1.16 0 0 0
a 0 0.58 0.75 0 0
a 0 1.25 0.91 0 0
"a- 0 0.58 0 1.3 0
b 0 0.58 1.16 1.66 1.41
b 0 358 4.5 6.66 6.08
b 0 3.25 4.75 2.58 1.91
b 0 0 0 0 0"
b 0 4.58 45 438 3.25
b 0 11 14 | 15 0
b 0 -2 0.83 0.83 0
b 0 48 | 99 0 0
c 0 15 15.5 5.08 4.66
c 0 0.33 1.83 1.25 0.16
c 0 126 13.75 | 12.33 10.8
c 0 4.75 8.58 9.25 10.33
c 0 4.6 2.5 0.91 0
c 0 3.58 1.3 1.9 0
c 0 0.83 0.16 0 0
c 0 0.91 0.83 0.16 0
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Creatine kinase (I-L™"):

96h

Group Oh 24h 48h 72h

a 487 | #DIV/O! | 1465 | 348.8 1169
a 1767 | 2709 | 280.2 291.5 238.9
a 54.9 45.9 43.6 a4 35.8
a 119.2 203.5 167.6 124.2 152.6
a 65.6 70.6 94 " 80.2 74.4
a 123.4 127.4 100.1 102 84

a 453.9 420.3 582.9 752.9 759.3
a 178.9 241.2 270.6 305.4 266.9
b 35.6 49 66.2 2486 | 1133.7 |-
b 1405 |. 134.4 597.9 | 1397.8 | 5533.7
b 150.1 164.9 318.2 | 305.8 285.3
b 171.4 96 64.6 57.7 58.4
b 63.4 65 70.9 75.1 72.8
b 85.5 1100.8 | 1525.8 | 2608.1 | 4139.7
b 306.7 194.9 134.9 129.4 182.9
b ©-70.2 66.9 66.7 46.8 62.4
¢ 80.7 110.7 138.7 187.5 493.8
c 67.6 89.7 .58.9 62.6 66.1

¢ 166.9 | 6838.9 | 16008.5 | 21745.5 | 19499
c 69.6 78 90.4 811.7 | 2348.5.
c 114.1 168.7 139.1 128.2 99.4
¢’ 312.2 | 2894 | 1132.1 | 8202.6 | 11440
¢ | 895 85.8 92.6 91.7 161.3
¢ 283.7 355.2 | 400.7

278.6

339.9
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