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Abstract

MATTHEW TENAN: The Relationship Between Blood Potassium, Blood Lactatd, A
Electromyography Signals Related to Fatigue in a Progressive Ciolergise Test
(Under the direction of Robert McMurray)

Local muscle fatigue may be related to potassium efflux from the mudtchnd lactate
accumulation within the muscle. However, this has not been verified. The primary purpose
of this investigation was to determine if there was a relationship betwiegrefeelated
changes in median power frequency (MPF) of EMG signals from the vastudateca
blood lactate (LAC) or potassium (K) during a progressive cycling tess Wds tested in
eight trained cyclists and triathletes under normal and glycogen redunditiats to modify
the LAC environment. No significant relationships were found between LAC (p>@.X7)
(p>0.16) in either condition during exercise or recovery. Though both lactate and potassium

have been implicated as factors relating to neuromuscular fatigue, neisigmificantly

related to changes in MPF during or after progressive exercise oteauoyometer.



Table of Contents

T goTo (B {ox 1 o] o ISP 1
RESEAICH QUESTIONS ... e e e e e e e e e e e e e e e et e 3
RESEAICN HYPOINESIS ... 3
DEefiNItION Of TOIMIS. ..o e e e e et et e et e et bbb s e e e e e e e e e e eaaeeeeeennnnnes 4
D] 11 01 = V[ I PP 6
[T T = Lo TSRS 7
SIgNIficance Of the STUAY ......ccoo i e 7

REVIEW OF LILEIATUIE ...ttt e e e e e e e e e e e et e e ee et bbb e e e e e e aaeaaas 9
Introduction and Basics of Local Muscle Fatigue ... 9
Physiology of Local MUSCIE FAtiQUE .........coeeeiiiiiiiiiiieee et e e e e e eeeeeeneees 10
Surface Electromyography and Factors Affecting Power Frequegresstrm ................ 13
Conflicting Results For Dynamic Fatigue Analysis in SEMG............coooviiiiiiiiiiiiinieeeeeee, 16
Possible Underlying Physiology of Local Muscle Fatigue in SEMG ..............cccooviiiieennn, 19

1Y/ L] { g T (o] (oo )Y 22
YU ] o] 1= 0! £ TSRS RRPPPPTT 22
1S U g [T o] = o] o [ TSRS 22

(0 gV o [=] ol U o] r= 1= RO RRRRRPPPP 22

Blood Lactate & BloOd POtaSSIUM.........cuuiiiiiiiiiiiiieee ettt e e e e e e e eeeeenaeenes 22

EleCtromMYOQrapiy ......e e 23
e 0Tt o (U TSRS 23



OV B VI W . e e e e e e et et et et 23

Yo =TT o Te IR T IST] o] o PP PP 23
Glycogen Reduction Timed CyYCle EXEICISE ........uuuuuuiiiiiiieeeeeieieeeeeeieiieen e 24
Glycogen-Reduced Condition and Glycogen Normal Condition Rides.......................... 25
AANAIYSIS. .ttt e e e e e e et e et et b bt a b e aaaaaas 28
EMG Data REAUCTION .......uitiiiiiiii ettt e e e e e e e e e e etb bbb s e e e e e e e e e e eeeeeeeennes 28
SEALISHICAl ANAIYSIS ...t e e e et et a e e e e e e e e e e e eeeeaanraaa 29
R B SIS .. et e ettt e e e e e e e e et et bbbt e e e e aaaaas 31
YU o] (=T od O g = 1= od (T A0 PP PPRTTR 31
Verification of Glycogen ReducCed Status............ccoiiiiiiiiiiiiiiiiieiiiiiiee e 32
] (o] ] PSSO PPRPPURTRP 32
N CTo10) Y ] o PP 35
D o U7 o] [P 37
Effects of GlyCOgen REUUCTION .......cii it e e e e e e e e eeeeeees 38
Relationships Between Lactate, Potassium and MPF ... 39
Limitations of the CUurrent STUAY .........coooiiiiiiii e eeeeeeneees 42
(@] o Tod 8110 o - PP 42
Recommendations for FUuture RESEAICH ............uuuiuiiiiiiiei e 44
Appendix |: Consent to Participate In a Research Study..............oovimimcneiee 46
Appendix 11: Training HIStOry FOIMM.......ooooiiiiiiiiiiiie e eeeeaeeeenanes 53
Appendix 111: Submaximal EXEICISE TSt ......uuuuiiuiiiiiiii et 55
Appendix IV: Progressive EXercise ProtOCOI .........ccoooiiiiiiiiiiiiiiiiiine e 57
] (=] (=T o T RS RRRPPPP 59



Table 1:

Table 2:

Table 3:

Table 4:

List of Tables

SUDJECt CharaCteriStiCS. .. .ttt e e e e e e e e

Verification of Glycogen Reduced StatuS...........ccccovevvi e 32
EXEICISE RESUILS. .. ..t e e e e e e,

RECOVEIY RESUILS. ... e e e



List of Figures

Figure 1: EXerciSe GXT ...t

Figure 2: %MPF for Each Subject During Glycogen Normal Exercise

Vi



CHAPTER |
Introduction

The study of fatigue is of interest to many exercise scientists. idltle 6f motor
control and exercise physiology have reached a consensus that neuromusguéaisfat
defined as the “failure to maintain the required or expected power output” (dEjvia83).
Electromyography (EMG) has been extensively studied as a method of iagentifyi
neuromuscular fatigue (Jansen, 1997; Kuorinka, 1988; Lepers, 2002; McHugh, 2001;
Nyland, 1993; Viitasalo & Komi, 1977). A decrease in the median frequency (MPF) of the
EMG’s power spectral density (PSD) has been identified as a valid methaeohidéng
neuromuscular fatigue in isometric conditions (Viitasalo & Komi, 1977). Stuavedving
MPF in dynamic exercises have concluded that MPF may increase, demraasehange at
all (Masuda, 1999; Gerdle, 2000; Bouissou, 1989; Jansen, 1997; Ament, 1996). The
conflicting results may be related to changes in neural drive relatied tocreases in force
output dictated by the protocol when the EMG is collected (Dupont, 2000; Gamet, 1990).
The inconsistent results may also be due to issues of signal non-statiaiarég to data
collection during dynamic activities.

The MPF is related to motor unit (MU) recruitment strategies. The shdlsrare
generally comprised of Type 1 fibers which twitch at a lower frequebasger, faster MUs
are generally comprised of Type 2a and Type 2b fibers which have a higiclrftequency
(Goswami, 2001). Type 2 fibers are also the largest contributor to increases in tlated la

in exercise, due to their incomplete metabolism of glucose (lvy, 1980). Thus, \thdipge



belief is that the decreasing MPF occurs because of a slower conductiaty\atot the
sarcolemma due to accumulation of metabolites such as lactate within tHe (Basissou,
1989). The increase of lactate in type 2 fibers causes an increase in retrafttype 1

fibers to maintain force production, causing a decrease in MPF. The lagtatbesis has
been partially verified by the finding that McArdle’s patients, who are unabletabolize
glycogen and thus produce lactate, do not exhibit a decrease in sarcolemma conduction
velocity in exercise until there is an additional change in force output (Linssen, 1996)
However, this hypothesis has also been refuted by findings that MPF changestiautore
post-exercise are unrelated to blood lactate levels (Jansen, 1997).

It has been suggested that local muscle fatigue may be related to potd8aium e
from the muscle cell (caused by contraction) as well as lactate aatiomwlithin the
muscle. The MPF alterations may be related to a combination of lactagdl as e efflux
of potassium from contracting muscles, but this has not been tested in a well controlled
study. It is known that in a glycogen normal state, lactate and potassiumtcatices in
the bloodstream both increase with exercise (Lindinger, 1995); howevgcogeh reduced
state causes a decrease in blood lactate accumulation during a cydjireggike exercise
test (Osborne, 2006). There are no documented studies indicating what the effeatisé ex
induced glycogen reduction has upon blood potassium in aerobic exercise. Musahsaffere
from group llI-1V detect both potassium and lactate concentrations in muscte (e,
2003; Garland, 1991; Kaufman & Rybicki, 1987; Rotto & Kaufman, 198&e group llI-

IV afferents may then exert an inhibitory response on alpha motoneurons, cadtatied

motor unit recruitment patterns (Woods, 1987). Despite the suggestion that bothaladtate



potassium may alter motor unit recruitment patterns in fatigue, they havebeever
examined in a well-controlled study.

The purpose of this study was to examine the relationship between blood lactate and
potassium accumulations, and the MPF of the EMG spectrum using a maximal voluntary
isometric contraction (MVIC) while seated on a cycle ergometer. Theasmetrs were
measured at 5-minute intervals during a graded exercise test under twimosnd) a
glycogen normal state and 2) a glycogen reduced state. The glyedgeead condition
created an environment whereby lactate production is severely decreasemdut bl
potassium is the same as in the glycogen normal condition. According to the available
literature, this was the first time a discontinuous,Qprotocol with MVIC’s has been
utilized. MVIC’s were utilized to limit changes in the total spectrum pamel MPF due to
changes in length-tension and force-velocity over the time of data cmllect

Research Questions

1. Does glycogen reduction modify the relationship between plasma potassium
concentration changes from baselin&) and MPF ( %MPF) during isometric
contractions collected during and after an exercise test?

2. Does glycogen reduction modify the relationship between blood lactate cotioentra
changes from baseline%LAC) and %MPF during isometric contractions
collected during and after an exercise test?

Research Hypothesis

1. %MPF will decrease with increasing exercise intensity in both ggrcogrmal and

glycogen reduced conditions.



2.

3.

4.

5.

%MPF will increase during the recovery period in both glycogen normal and

glycogen reduced conditions.

%K will increase with exercise intensity in both conditions and decreaseitgrest

levels in recovery.

a. During exercise, increases ifK will be related to decreases ifMPF in
both conditions.

b. Post-exercise, decreases WK will be related to increases i®6MPF in
both conditions.

%LAC will increase with exercise intensity in both conditions and decreaseyduri

recovery.

a. During exercise in the glycogen normal condition, increase8abAC will
be related to decreases i%MPF.
b. During exercise in the reduced condition, increase$4hAC will not be
related to decreases if%MPF.
c. Post-exercise, %LAC will not be related to changes i%MPF in either
condition.
If a relationship exists betweedoLAC or %K and %MPF, the relationship will

be stronger for %K than %LAC.

Definition of Terms

1.

Blood Lactate Concentration [lJa- The concentration of circulating lactate or

dissociated lactic acid in the blood stream.

Peak Oxygen Uptake (VP-ay — The highest amount of oxygen used on a per minute

basis during a graded exercise test.



3. Surface Electromyography (SEMG)Ag/AQCI electrodes which reside on the surface

of the skin. They record the myoelectric signals produced during the activation of a
motor unit.

4. Motor Unit (MU) — The smallest functional unit to describe neural control of a

muscular contraction. A MU encompasses the motor neuron, the multiple branches
of its axon, and all the muscle fibers it innervates.

5. Power Spectrum Density (PSB)This is an estimate of the frequency contents of the

EMG signal. Itis derived by running the EMG signal through a Fast Fourier
Transform (FFT).

6. Median Power Frequency (MPF)The parameter that divides the area under the PSD

curve into two equal parts. A decrease in the MPF of an EMG signal is considered a
indicator of fatigue.

7. Maximal Voluntary Isometric Contraction (MVIG) A voluntary maximal muscle

contraction in which the length of the muscle does not change.

8. Graded Exercise Test (GXF)An incremental test in which work rates are increased

until the subject reaches a predetermined end point.

9. Fast Fourier Transform (FFF)The mathematical algorithm used to decompose a
signal into its power spectrum density.

10. Stationarity- A prerequisite for using the fast Fourier transform on an electrical
signal. Stationarity can be affected by changes in neural drive reldteddmutput
throughout the range of motion measured, changes in muscle and fiber length, and

movement of the neuromuscular junction in relation to the detection electrodes. The



effects of non-stationarity in EMG can be minimized by choosing isometric

contractions over dynamic.

11._ %LAC - The percent change in lactate from a baseline measurement.

12._%K - The percent change in potassium from a baseline measurement.

13._ %MPF- The percent change in median power frequency from a baseline

measurement.

Delimitations

1.

All subjects used their own bike saddle, clipless pedals and shoes to increase
familiarity and facilitate normal motor patterns.

The glycogen reduction protocol was standardized for all subjects.

Standard racing handlebars on the cycle ergometer, including anatomical drops
provided the subjects with a familiar position to normalize motor patterns.

All subjects must have been recreationally or competitively involved in
cycling/triathlons for at least 60 days and were thus familiar with madvexeation
and cycling motor patterns using clipless pedals.

The electrodes were placed according to anatomical landmarks for that.sdibjeict
skin was marked with a permanent black marker and digital photos were taken in
order to ensure similar EMG electrode placement between the two conditions.
No more than 14 days elapsed between conditions to limit the effects of
training/detraining on MU recruitment patterns.

EMG electrodes were placed in parallel with the muscle fibers to liméftbets of
cross-talk. This was verified by manual muscle tests to confirm no EMGtaddivi

detected with hip flexion.



8. An EMG ground electrode was affixed to the antero-medial side of the proxinaal tibi
to limit artifact signals.

9. Glycogen reduction in the glycogen reduced condition created an environment with
decreased lactate production but normal potassium changes during exetcise a
recovery. This will allow for comparison between the glycogen normal and glycoge
reduced conditions of lactate’s relationship with MPF.

Limitations

1. A decrease in the MPF due to fatigue is thought to be related to increase in
intramuscular lactate accumulation. This study collected venous blood lactate
accumulation, which is an indirect measure of intramuscular lactate in thengvor
muscle.

2. While the nature of a GXT requires a constant cycling speed, this may not be fully
generalizable to real-world conditions.

3. Due to the sample population of our study, the results may only apply to trained
cyclists and triathletes.

Significance of the Study

The significance of this study resides in the use of a new methodology for
investigating two established research questions, the relationship betwéemlwod
lactate, and blood potassium during progressive exercise. Numerous previous studies have
found conflicting results regarding the alterations of MPF in dynaaticites (Petrofsky,
1979; Viitasalo, 1985; Kuorinka, 1988; Bouissou, 1989; Gamet, 1990; Ament, 1996; Jansen,

1997; Masuda, 1999; Gerdle, 2000; Singh, 2007).



By collecting EMG data at each stage of a progressive cycling tegtars MVIC on
the ergometer, we attempted to circumvent the potential confounding factor bftengion
relationship artifact in the PSD. The MVIC also limits signal non-statitbes affecting the
PSD. If this method proves effective, it may allow for more novel approacheartoneng
neuromuscular fatigue in other dynamic activities. It may also exptane of the
discrepancies in the presently conflicting literature regarding maote of neuromuscular
fatigue in dynamic exercise.

The methodology also has the potential of clarifying the existing disagnéeme
between intramuscular lactate or potassium as the driving factor behind thmelecin
MPF observed during local muscle fatigue. Because this study did not measure
intramuscular concentrations, we cannot definitively answer this resasstian.
However, because both elements escape into the bloodstream as a consequence of muscular
work, we are able to gauge general changes in lactate and potassiunrefflulkd muscle.
The alterations in lactate production associated with glycogen reduction, asslimpbly

normal efflux of potassium, may give indication as to which mediates the change in MPF



CHAPTER I

Review of Literature

Introduction and Basics of Local Muscle Fatigue

This chapter reviews literature concerning the physiology of local misidee and
the proposed methodologies of determining local muscle fatigue via EMG. The ititaduc
provides a brief overview of the basics of local muscle fatigue. The followatigise
discusses some of the proposed mechanisms of local muscle fatigue. Subseqaest secti
will discuss electromyography, the various factors affecting the EMalsignd possible
underlying physiologic mechanisms causing fatigue-related chamg®sG.

Local muscle fatigue (used interchangeably with the term neuromuscidaejatas
been described as a “failure to maintain the required or expected power output™d&dwar
1983). Lepers (2002) more recently described neuromuscular fatigue as aeletctha
muscles’ ability to exert a maximal voluntary force; however, this defmdioes not relate
the functional aspect of work capacity which requires that muscle maintairbcehahnd
velocity.

The origins of local muscle fatigue are complex. Bigland-Ritchie (1984jibedc
eight potential sites of fatigue. Four of these sites are classifmehasl and neuromuscular
transmission: (1) input to higher motor centers, (2) excitatory drive to loater meurons,
(3) excitability of the motor neuron itself, (4) and transmission at the neucokaugunction.
The other four sites are peripheral in nature at the muscle itself: ¢b)esama excitability,

(2) excitation-contraction coupling, (3) the mechanical contractile mesthaand (4) local



energy supply and resulting metabolites. Evidence suggests that the modeyiatehsit
duration of the physical activity as well as the subject’s experienceheitactivity and
muscle fiber types influence fatigue (Fitts, 1981). The central and peripiesadfsfatigue
are further complicated by Group IlI/IV afferents. Group lll/IVeafints sense many of the
mechanical, electrolytic and metabolic factors released or creaied dusscular

contraction (Kaufman & Rybicki, 1987; Rotto & Kaufman, 1987). The sensory input from
Group llI/IV may sense peripheral causes of local muscle fatigue derivefy cause
changes centrally (Woods, 1987). The impact of peripheral factors on cersal sit
combined with the difficulty of measuring central factors in exercisefased the majority
of research to focus on the periphery.

Physioloqgy of Local Muscle Fatigue

Multiple factors are likely involved in local muscle fatigue. Therecareently two
major models proposed to explain the concept of fatigue in exercise. Most recently,
Lambert, St. Clair Gibson and Noakes (2005) have proposed an integrative model of fatigue.
This model integrates a subject’s teleoanticipation regarding theatuaaid intensity of the
exercise, peripheral feedback from the local muscles mechanoreceptoneamieceptors,
prior exercise experience (reference signals), actual and pefceatabolic reserves and
redundancy systems of command. The integrative model is contrary to a reductoal@kst m
which examines muscle fatigue as a phenomenon originating and manifestiedoatt
muscle tissue. The reductionist model is extensively reviewed by Fitts (198dates to
Fitts’ model regarding the physiology of local muscle fatigue in relatiggotassium and

lactate follow in this section.
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Fitts (1994) states that “the force-depressing agent @H not lactate”. However,
more recent studies do not support this statement. When experiments are conducted at nea
physiologic temperatures, the lactate molecule is highly related tocctérastcs of fatigue
and pH has little effect on force suppression. On the contrary, decreasing békha
demonstrated to protect against the force suppression caused by potadsiufroeffthe
muscle cell during contraction.

Hogan (1995) examined the effects of increased arterial lactate conoastrati
relation to gastrocnemius force output in canines at a constant pH. They stimulated cani
muscle via the sciatic nerve for 60 minutes with normal blood perfusion and with a high
lactate/normal pH blood infusion. Their results indicated that high lactate iocosdiad a
significantly lower VQ, oxygen extraction percentage, and ability to develop tension. The
high lactate levels were physiologic (12-15 mmol). The investigators conchated t
increases in lactate, independent of changes in pH, cause fatigue-likescimasigedetal
muscle at physiologic temperatures.

Pate (1995) examined the effect of reduced pH on rabbit muscle mechanics at high
and low temperatures. They examined the muscle at pH's of 7.0 and 6.2 as well as at
temperatures of 10 degrees Celsius and 30 degrees Celsius. They replidatestedids
which demonstrated that lowered pH at 10 degrees Celsius cause an inhibitionnofimaxi
shortening velocity and total isometric tension. They then demonstrated tlawened pH
had no effect on maximal shortening velocity and a very minimal effect ongomaétric
tension at 30 degrees Celsius. Pate concluded that, at physiologic temperasunéeghlit
unlikely that decreases in pH act directly on the muscle to inhibit maximumrshgrte

velocity and total isometric tension.
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Westerblad (1997) reviewed the effect of intracellular pH on the contractiliediunc
of single fibers of mouse muscles at three temperatures. They showeddifiaddters
had a reduced tetanic force (28%) at 12 degrees Celsius, compared to a non-significant
reduction in tetanic force (10%) at 32 degrees. The authors concluded thatt¢hefgsH
decreases with increasing temperature. The direct inhibition of force padbgti
decreases in pH are small at 32 degrees Celsius and may not be a major fattitpuerat
physiologic temperatures.

An efflux of potassium from the muscle fiber has also been proposed as a mechanism
of local muscle fatigue. Cairns (1995) investigated the relationship betweaocedxtar
potassium, membrane potential and contraction in rat soleus muscle. They reported tha
elevating the extracellular potassium concentration from 4 mM to 8-9 mMaésult
minimal depression of tetanic force. However, a further small increase to 14 tdeated
a large reduction in force. Their experiment suggests that changes in the eatiocentr
gradient across the muscle membrane may be an important factor in restoitedglgyx@nd
force production.

Previous studies had indicated that high levels of extracellular potassitate,land
decreases in pH all decrease force production in skeletal muscle. NielsengZ@@irjed
the effect of lactic acid in combination with potassium in relation to force produdRat
soleus was incubated in 11 mM extracellular potassium. This reduced tetaaic for
production by 75%. They then incubated the muscle in 20 mM of lactic acid at 37 degrees
Celsius. The lactic acid incubation resulted in an increase in force production elmda
(pre-potassium incubation levels). They reproduced this finding with propionic aciadnste

of lactic acid and had similar results. The researchers suggest thataomifof the muscle

12



counteracts the force depressing effects of elevated extracelldasipob. There findings
actually suggest that, contrary to popular opinion, muscle acidosis may protast aga
fatigue.

Surface Electromyography and Factors Affecting Power Frequarestr8m

Surface electromyography (SEMG) equipment allows the reseacctesrard and
qguantify the sum of the electrical contributions made by active motor units)(MEvery
muscle fiber is surrounded by a sarcolemma. A resting electrical gr&élereated along
the sarcolemma by concentrations of potassiui), @odium (N&), and chloride (C). This
gradient is established by the W&" ATPase pump and the cell membrane’s greater
permeability for K ions (Lamb & Hobart, 1992). sEMG is traditionally a two electrode set
up which is able to extract the global measure of MU activity in the muscle yingetie
skin on which the two electrodes are placed. Two common characteristics of tGe SEM
signal, amplitude and frequency spectrum, are dependant on both sarcolemma membrane
properties and the timing (frequency) of MU action potentials. As such, the sEM& isi a
result of both central and peripheral properties of the neuromuscular systera,(£a04).

The seminal work by Basmajian and De Ludascles Alivg1985), eloquently
describes and graphically depicts the summation of MU action potentials congitthe
SEMG signal. Basmajian and De Luca (1985) also describe the filteiohmsmof the tissue
whereby fat tissue and skin act as a low-pass filter to the SEMG.si§dditionally, they
suggest that the sEMG electrode be aligned in parallel with the musctedtbaction
potentials travel ‘down’ the length of the muscle fiber. Weir (1999) examinedftdut ef
electrode placement in parallel and perpendicular to the muscle fibers ofthg hageralis

on sEMG indicators of fatigue, amplitude and power spectrum. They found amplitude
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changes between both conditions to have a strong relationship once amplitude was
normalized to a maximal isometric contraction in each electrode or@ntalihe frequency
spectrum changes between both orientations resulted in a non-significantiocor(eta05,
p>.05).

The sEMG changes in frequency spectrum have been the most frequently used
indicator of local muscle fatigue. The use of changes in the frequency goeatrum as an
indicator of fatigue was first accepted through the work of Carlo De Luca (188®s been
demonstrated that changes in the median power frequency of the SEMG spectrata indic
changes in the conduction velocity of muscle fibers in vitro (Solomonow, 1990; Brody,
1991). Even after controlling for skin impedance and electrode orientation, there are
number of anatomical and physiological factors which affect muscle fimeluction
velocity and thus the frequency spectrum of SEMG. The following paragraphsseukdi
inconsistencies in types of muscles examined, types of contractions performefieaimd) di
force outputs, making direct comparisons difficult.

SEMG only measures the electrical activity of the muscle under ttteogles at the
moment of data collection. This makes valid SEMG data collection difficult duymgnaic
tasks. The electrode may not move in relation to the skin, but the electrode deteation are
does move in relation to muscle as it shortens and lengthens under the skin. This movement
creates inconsistencies in signal characteristics (Ebenbichler, 2002).

Muscle fiber type influences sEMG frequency spectrum. The rationateigor
influence is that larger type 2b muscle fibers have a larger diameteypieah &nd thus

more surface area on which to conduct the action potentials at a higher ratecé)&997).
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To verify the hypothesis that muscle fiber distribution affects the sEbtfsiency
spectrum, Viitasalo and Komi (1978) examined the muscle morphology of the vastakdat
in relation to the percent change in the median power frequency in isometrictongra
sustained at 30, 50, and 70% of maximal force to exhaustion. They found that during the
70% of maximal intensity, those subjects with less than 49% slow twitch fidaistes a
faster decrease in median power frequency compared to subjects with tneeatd% slow
twitch fibers. This is logical because subjects with greater proportions ¢htigsing fibers
will likely see a de-recruitment of these fibers as they fatigue.

Gerdle (2000) examined the mean frequency of the power spectrum of the vastus
lateralis throughout 100 isokinetic knee extensions of 20 subjects in relation to muscle
morphology. They found that mean frequency was positively correlated with the mmoport
of type 1 and type 2a fibers and negatively correlated with the proportion of typeb fib
These findings contradict the rationale that type 2b fibers should be positivediaterwith
increases in frequency power. The study recorded sEMG data during thedynami
contractions, introducing extra variability into their data. This study may tedicat
muscle morphology only affects SEMG during isometric contraction.

Both the fiber content of the muscle as well as increasing neural dritedrda
increased force output can affect the SEMG frequency spectrum. Bilodeau (1894h)exk
the median frequency of soleus, lateral gastrocnemius, and medial gestieg throughout
a ramp-force plantarflexion contraction from 10-80% of maximal force. Teesch
muscle with expected higher type 1 fiber content than gastrocnemius, exhibitezt a low
median frequency throughout the ramp-force contraction (80-100 Hz) compared to the

gastrocnemius muscles (100-150 Hz). Both the soleus and the medial gastrocnemius
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exhibited a progressive increase in median power frequency (MPF) witasimgydorce.
The investigators concluded that MPF increases with increasing neural mespective of
muscle morphology.

A number of studies have confirmed the findings of Bilodeau (1994) that increases i
force output cause changes in muscle fiber conduction velocity and MPF. Zwarénét-Ar
Nielson (1988) examined both the vastus lateralis and biceps brachii to determinedsow for
output affected muscle fiber conduction velocity. They determined that carmauetocity
and force to have a positive and linear relationship when examining discreté@olpoints
at force levels 10-100%. When a maximal contraction is held, the relationship is sti
positive, but the relationship is curvilinear as force output decreases dueus.fdbgpont
(2000) were concerned with biceps brachii muscles in bifunctional activation haskayer,
they qualitatively reported that MPF and force output have a positive lineaomstap until
a plateau between 60-90% of force output. Increases in neural drive, assoithated w
increases in force output, cause a significant rise in MPF.

The sEMG signal, especially the SEMG frequency spectrum, is strdifegyea by
factors unrelated to changes in physiology. It is important when attempuiagive
physiologic changes from the SEMG signal to account for electrode omentatiiscle
morphology, contractions utilized for data collection, and changes in neural drieel telat
force output.

Conflicting Results For Dynamic Fatigue Analysis in SEMG

Many studies have found conflicting results when investigating SEMG power
spectrum changes, including MPF, during dynamic conditions. These results maytde due

inconsistent methodologies which do not take into account all of the variables iddicate
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the previous section detailing the factors affecting SEMG power frequpacirism. This
section details the conflicting results in the literature.

Potvin (1997) examined the effects of elbow joint angle and fatigue on MPF in
dynamic flexion/extension exercises. He found MPF values to be simikstdor both
concentric and eccentric contractions. He reported a decrease in MPF digriéo faut
noted that the greatest decreases in MPF were shown with the elbow in flexion.eAd the
of the trial, the MPF was similar at all joint angles. Potvin hypothesizéthisanay reflect
a biological minimum conduction velocity before contraction failure.

Potvin & Bent (1997) compared MPF in isometric tests with MPF in isotonipdice
brachii flexion exercises to fatigue. They reported a high correlatiofiateet (r=0.76) at
rest between isometric flexion at 90 degrees and an isotonic contractionecblietiween
80-100 degrees of flexion. This coefficient was lower when compared to isotonic data
collected though the entire range of motion (r=0.45). When they examined the change
MPF due to fatigue, correlation coefficients faired similarly (isoimes. isotonic at 80-100
degrees, r=0.48; isometric vs. entire isotonic, r=0.28).

Masuda (1999) examined the changes in muscle fiber conduction velocity and MPF
in isometric and isotonic knee extensions of 50% maximal isometric contraetion t
exhaustion. They found that both muscle fiber conduction velocity and MPF decreased
significantly during the isometric trial. Interestingly, MPF was foundetorelse
significantly during isotonic exercise, but muscle fiber conduction velodaityofi
significantly change. Both MPF and muscle fiber conduction velocity wgnéisantly
higher in isotonic exercise compared to isometric. The authors suggest thseddoad

flow is maintained in dynamic contractions by venous return, muscle fiber canducti
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velocity is affected by the metabolic state, including lactic acid andgpuatagoncentrations
of the muscles, and the changes in MPF cannot be explained by changes in muscle fibe
conduction velocity.

Ament (1996) investigated the MPF changes of the soleus and gastrocnemius muscle
during exhaustive uphill treadmill running. They found no systematic decrease in MPF
during the exhaustive run. However, when they compared an isometric contractien befor
the run to an isometric contraction after the run, a significant decreadeRmisls observed.
They also recorded EMG 1, 2, 3, 4, 5, 7, 10, 15, and 20 minutes after exercise. The
subsequent MPF values demonstrated a restitution of the EMG signals appruxpret
exercise levels.

Petrofsky (1979) examined MPF during exercise at different intehsiti@ cycle
ergometer. At loads of 20 and 40% @ held for 80 minutes, MPF increases in the initial
20 minutes of work and progressively decreased as work continued. At workloads of 60, 80
and 100% VQnax MPF progressively decreased from onset of exercise. The findings
indicate that decreases in MPF are related to fatigue during cycling; hpWwet®fsky did
not report any hypothesis testing so determining the significance of thisisuiéficult.

Hug (2003) investigated the various EMG signs of neuromuscular fatigue from the
vastus lateralis and their relation to ventilatory threshold during exhauagtiieg exercise.
EMG data was collected dynamically throughout the exercise test.e @Dthubjects tested
in this study, only 8 subjects exhibited a decrease in MPF. Those subjects who lilidaexhi
decrease in MPF during exercise also demonstrated a significardnetei (r=0.932;
p<0.001) with ventilatory threshold. Their findings reinforce the variabilitfeddG data

collected during dynamic contractions, but also indicate that MPF decreagé® melated
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to similar metabolic and neurologic factors commonly associated with theatentil
threshold in exercise.

Despite the high variability of SEMG collected during dynamic contmastiit does
appear that decreases in MPF can be utilized to determine levels of lockd fatigue.

Possible Underlying Physiology of Local Muscle Fatique in SEMG

Anatomical and methodological changes in the SEMG MPF aside, there are number
of physiologic changes in the local muscle tissue which cause altex@&tithe MPF.

Muscles AlivgBasmajian & De Luca, 1985) describes many of the aforementioned
anatomical considerations as “widely accepted” when examining changes in NREveH,
they then proceed to caution their reader that the relationship between intrampkicahd
conduction velocity (and thus MPF) is “less well documented and not as uniformlyafdmili
In the 20+ years since the publicatiorMidiscles Alivethe relationship between pH and
changes in MPF has not been generally supported by the literature in vivo. f&belioe
state of the muscle and other non-pH factors relating to decreases in nigateriduction
velocity may cause the decreasing MPF related to fatigue.

Viitasalo (1985) investigated anaerobic and aerobic thresholds in ergonudiey cy
in relation to EMG activity of knee extensor muscles. They found significant sesréa
blood lactate in a progressive cycling test, but no significant change in MPF theifige
data collection points. The investigators noted extreme variability in the shdqpeMPF
curve among subjects. This is likely caused by the EMG data being abllexter dynamic
conditions. The EMG was averaged from three descending phases of pedalingeait diffe

time epochs of each workload. This accounts for the high levels of variability both withi
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subjects and between subjects, leaving their lack of findings between blaid aad MPF
in question.

Bouissou (1989) examined SEMG power spectrum changes in relation to
intramuscular lactate and pH during cycling exercise at 125% ef,MOSubjects performed
two trials, one under normal conditions and one after NaH&A3 administered to produce
an alkaline environment. They observed significant increases in total spectrunoptiveer
EMG signal during both trials. They also observed steady decreases ithidBghout the
trials, though greater decreases were more evident in the alkakasidriterestingly, the
study reported no relationship between percent change in MPF and pH, but did report a
significant correlation (R=0.64, P<0.01) between intramuscular lactate amshipehnange of
MPF. The authors suggest that the relationship is not causative, but the EMG elnanges
related to the metabolic state of the muscle. It should again be noted that the author
collected the EMG data under dynamic conditions which may have introduced ugriabil
into the results.

Jansen (1997) examined the relationship between blood lactate and systemic changes
in MPF in cycle ergometry. They collected dynamic EMG data from the Viaséuslis and
isometric data from the flexor digitorum superficialis along with blood tacancentrations
during and after a progressive cycling test. There findings resulted in nacsighdhanges
in MPF for either the vastus lateralis or flexor digitorum superficiallseyTdid note a non-
significant decline in MPF of the vastus lateralis collected one minutesgestise. They
assumed that the dynamic vastus lateralis EMG data collected could lmersth&a wide-
sense stationary EMG signal”. This assumption may not have been correct and idtroduce

variability into their dynamic EMG data. The isometric flexor digitorum gugpalis MPF
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results indicated that systemic blood lactate changes do not affect nerveticongelocity
in non-working muscles.

Singh (2007) attempted to determine muscular fatigue in three quadricepesnuscl
and two heads of the gastrocnemius in a wingate-style cycling test. épweted significant
median frequency decreases pre and post fatigue (characterized bgesel@tpower
output greater than 33%). There EMG was collected dynamically duringsihend
analyzed by averaging sectioned parts of the EMG burst from 10 second coligetivals.
They reported significant intramuscular changes before and aftesttiertenuscle creatine,
muscle PCr, muscle ATP and muscle lactate. There findings and EMG reducgion ma
indicate that MPF is related to the metabolic state of the muscle, but #eif 155 non-
adjusted t-tests bring their results into question.

We know that local muscle fatigue during exercise is a complex phenomenon.
Recent in vitro research suggests lactate accumulation and potassium efflukdrmuscle
are strong mediators suppressing muscle force output. Contrary to previous ptddies
appears to have a protective effect against local muscle fatigue. Thigipeoddiect may
have credence based upon findings that decreases in MPF, commonly associated with
fatigue, are unrelated to increases in pH. In vivo SEMG fatigue studies on dyawivity
have been muddled by inconsistent and possibly invalid data collection techniques. This
study attempts to clarify the literature on the physiologic changes kinganuscles in

relation to changes in MPF using a stable data collection protocol.
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CHAPTER 1lI

Methodology
Subjects

Eight male and female subjects ages 18-50 were recruited for this Jtdysubjects
were moderate to highly experienced triathletes or cyclists who had bieamgtfar their
respective sport a minimum of 60 days. The subjects were familiar witbsdipycling
pedals and able to bring in their own shoes, pedals and bicycle saddle for the test. All
subjects read and signed the consent form to act as a human subject (Appehedkadytf
the department medical history form, and completed a training history formr{&ipdé.

Instrumentation

Oxygen Uptake

All oxygen uptake measures were collected using the Parvo TrueMax 240®hdetab
System. The system was calibrated before each subject’s cyaingAti standard
operating procedures were followed according the manufacturer’'s instraicti

Blood Lactate & Blood Potassium

Blood potassium was measured using the Vitros DT60 Il Chemistry System. The
whole blood was cold centrifuged, and the plasma was extracted. The plasma was then
pipetted onto dry chemistry slides read by the system. The dry chemidérgatitains two
ion-selective electrodes. Each electrode produces an electrical @ldtergsponse to the
amount of potassium that is applied to the slide. The electrical potential difasen

proportional to the potassium concentration. Blood lactate was measured using the



Accutrend Lactate analyzer. Whole blood placed on the test strip reactxisfiinge
reagents and the analyzer measures the light refraction of the color change.

Electromyography

A Delsys Bagnoli desktop system was utilized for EMG data collection. ys$tesns
configuration is: interelectrode distance = 10 mm; amplification facfd,800 (20-450 Hz);
CMMR @ 60 Hz > 80 dB; input impedance >'100.2 //pF. This study used only one
channel, one active preamplified surface electrode. The sampling frequasdp96 Hz.
Procedure

Overview

All subjects attended the lab for a total of four sessions. The first sess@n wa
screening trial intended to collect demographic data, fill out paperwork, dodnper
submaximal exercise test. The second session was a glycogen normal pregresisig
trial. The third session was a two hour timed exercise session performed atmajhtvas
designed to reduce the glycogen stores of the subject. The fourth sessiorywageng
reduced progressive cycling trial performed the morning after sessien thre

Screening Session

Subjects reported to the Applied Physiology Laboratory on the day of their test
preparation. The subjects underwent a cardiovascular screening to deterhregienéte fit
to act as a subject in the study. They also completed an informed consent agre&®ment
human subject, a health history form, and a training history form. The subjectea@red
to bring in the saddle, pedals, and cycling shoes from their normal road bicycle. Tlee saddl
and pedals were installed on the mechanically braked cycle ergometelab.théhey were

requested to wear either a cycling or triathlon jersey for the trials.
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The subject then performed a submaximal exercise test (Appendix Ill) orctee cy
ergometer. This was done to familiarize the subject with the cycle ergoamet also to
obtain a VQpeakestimation for the glycogen reduction protocol.

Glycogen Reduction Timed Cycle Exercise

The glycogen reduction condition consisted of two parts: an exercise session t
reduce muscle glycogen and the glycogen reduced trial designed tmexheneffects of
decreased lactate production on EMG. For the glycogen reduction protocol, thpaartic
utilized the same cycle ergometer set-up on which they performed the sulainexémtise
test in the screening trial. The participant was fitted with an apprempniatithpiece which
was connected to an oxygen analyzer. This cart was used to ensure thatdipapanas
exercising at 65-70% of his/her predicted maximal exercise capdtigymaximal exercise
capacity was predicted from the submaximal exercise test performed dassion one. The
participant was also outfitted with a heart rate monitor which was useeépdlie
investigators continually appraised of the participant’s exercise wakkidhe participant
was allowed to warm up and stretch as he/she desired. Once he/she was warneed up, t
participant inserted the mouthpiece and started cycling on the ergometer. Kload/aras
continually increased until the metabolic cart indicated that the particy@anivorking at
65-70% of his/her maximal capacity. The duration of the test was 120 minutes. The
participant had their metabolic work rate assessed every 20 minutes to bashefshe was
working consistently at 65-70% of the maximal capacity. The participanaliaved and
encouraged to consume water throughout the protocol. Heart rate and the pasticipant
perceived exertion were continually assessed to limit the possibikiyyo€omplications.

The absolute workload on the bike was continually adjusted so that the particiffanit’s e
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was maintained within 65-70% of maximal aerobic capacity. This protocol isas fi
described by Gollnick, et. al. in 1974, and variations of their protocol have been used for
many years without any reported complications (Glass, 1997; Sabapathy, 2006). The day
following the glycogen reduction session the participant completed the glycedieced
exercise test to examine the effect of decreased lactate production on EMG.

Glycogen-Reduced Condition and Glycogen Normal Condition Rides

Prior to arriving to the Applied Physiology Laboratory, participants \&eked to
refrain from vigorous exercise for at least 24 hours for the glycogen noondition and
about 8 hours for the glycogen-reduction condition. Participants performing tlogehyc
reduced condition were asked to verify that they had not eaten anything sineduitteon
protocol by having their urine tested for ketone bodies. The participants legrecato
drink as much water as they wished, but were asked to avoid any caffeinatzholial
beverages for at least eight hours prior to exercise.

Upon arrival, the participant was fitted with the electromyograpMGJElead and
electrode. The EMG electrode and wire were run through the cycling shatie
participant’s dominant side. The electrode was then attached to the skin ovetuke vas
lateralis at the midpoint between the greater trochanter and patellaw&ataken to align
the electrode in parallel with the muscle fibers. Manual muscle tesgsagministered for
knee extension and hip flexion to verify proper electrode placement and limit dkos$te
electrode was outlined with a black permanent marker to ensure proper placamient f
second test. A digital picture of the electrode placement was also takenysweildr

placement between conditions.
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The patrticipant then had a small 20 gauge catheter inserted into his/habialtec
vein by experienced personnel. The catheter was cleared with 2 minefigabn insertion
to ensure future blood draws were clear. This allowed for quick and clean blood draws
throughout the exercise trial. All blood draws via catheter followed stdestandard
procedures: 1) draw .5 mL blood to clear catheter and discard blood 2) draw 3 mL blood and
3) inject sterile saline to keep catheter clean.

At this time, the participant was asked to mount the cycle ergometer andistht 5
minutes prior to the exercise testing. During the early portion of the resd ples
participant was fitted for the breathing mouthpiece. After the end of theidthenn the 5
minute rest period, the participant’'s oxygen consumption was recorded. Once thaadst pe
was completed, a 3 mL blood sample was drawn via the installed catheter. The blpled sam
immediately was tested for lactate concentration. The remaining blooédpasited into
two parts, one for cell measurements and the second for the blood potassium determinati
The blood collection was immediately followed by a maximal voluntary isaenetr
contraction (MVIC) on the cycle ergometer. The MVIC was conducted by pladitack
under the pedal of the dominant foot when the crank arms were parallel to the floor and
instructing the participant to place as much force as possible on the dominangfdot pe
The 90-degree angle of the cycle crank arm was chosen because Jorgd1088)I|
indicated that this angle was an area of high vastus lateralis activitg eharmal cycling.
A belt was placed around the waist of the participant restraining them taditle sf the
bike.

Once these resting procedures were completed, the participant begtneawarn-

up on the cycle ergometer at a low self-selected intensity for 3.5 minutes.thAtwarm-
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up, the progressively increasing exercise test (GXT) commenced. Thkeexest consisted
of 5 minute segments of cycling at progressively higher workloads. Thassxsegments
were alternated with 5 minute active recovery periods where the tensioneesedefrom
the cycle and the participant was able to ‘spin’ the pedals at a comfopiabl: sAt the end
of each exercise stage, an MVIC and blood draw were performed accordiegitugly
mentioned parameters. The participant’s heart rate and perceived exentgoalso assessed
at the end of each exercise stage. The active recovery periods alloweditiapato
remain comfortable on the bike throughout an otherwise strenuous exercise test. The
participant was allowed and encouraged to consume water during the acixeryec
periods. The GXT was completed once the participant’s pedal frequency dropped below 70
rpm’s for a 30 second period. The GXT is graphically depicted in Appendix 3y ¢ale

Figure 1).
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Figure 1. Exercise GXT
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Once the exercise was completed, the participant remained seatedengdmeter so
the blood and MVIC data could be collected 3, 6, 9 minutes post exercise. Once these
measures were completed, the participant got off the ergometer and sat iloaddenchair
for the remaining 51 minutes of recovery. During this recovery period quietiastiviere
allowed but all physical exertion was minimal. Also during this period, additidoatl and
EMG samples occurred at minutes 30 and 60. The participant was allowed to corsgame w
as he/she wished during this recovery period, but was asked to remain seated thtbeghout
time period. Once all EMG data was collected, the EMG equipment and catbete
carefully removed. At this point the participant was allowed to ask anyiouesind
scheduled an appointment the following trial.

The glycogen normal condition followed an identical protocol as the glgcoge
reduced condition. However, in the glycogen reduced condition, participardsnpedfthe
glycogen reduction protocol and fasted a minimum of 8 hours before testing. A counter-
balanced randomized assignment of glycogen reduced vs. glycogen normagavis us
determine the order in which the conditions were performed.

Analysis

EMG Data Reduction

The raw EMG data were first bandpass filtered with a fourth order Buottir filter
20-350 Hz and notch filtered 59.5-60.5 Hz. The EMG waveform was next reduced to its
frequency power spectrum, from which the median power frequency (MPF) wagiderive
The MPF was calculated for each contraction using the fast Fourier transéor averaged

power spectrum was obtained from 2048 data points by taking four 512 point increments and

28



Hanning windowing the data with a 50% overlap. The median of this spectrum was then
calculated as the frequency which divides the spectrum into two regions of equal powe

Statistical Analysis

All data collected were first normalized to the percent change inarelatithe
baseline value. This normalization for each subject’s percent of baseline was ckuebe
each person typically falls within a wide range of normal values. Nornmgaks percent of
baseline values removes the range of this variability.

Because not all subjects performed the same number of stages duringrtiseex
tests, all data had to be normalized as a percent gfeM@uring that test. The test was
terminated when the subject was no longer able to maintain 70 rpms. All subjects had
varying levels of fitness and muscle mass, leading to termination atediffgages between
subjects and conditions. With lactate, this was done by applying an exponential line of
regression based on the raw datar@®ge: 0.88-0.99; Rnean: 0.95). Data normalized for
percent of VQpeaduring exercise for potassium?Ringe: 0.44-0.99; Rmean: 0.86) and
MPF (R range: 0.16-0.97; Rmean: 0.65) were extrapolated by applying a cubid'arder
polynomial spline to the raw data. All normalization and interpolation of data wiasrped
in Matlab. The exercise lactate, potassium and MPF data for 20, 40, 60, 80 and 100 percent
of VOzpeakWere extrapolated via the applied spline for each subject. It should be noted that
the first exercise stage typically was above 20% ofW42 This may cause the extrapolated
values for 20% of V@eacfor all measures to have questionable validity. However, this
measure was included in analyses because visual inspection of the data appearede

reasonable results.
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The lactate and potassium concentrations and EMG data were analyzedsssieg a
of one-way repeated measures ANOVAs with Bonferroni adjusted repeatsdraseatests
to determine statistical significance. Repeated measures t-testatiized to determine
significance between glycogen normal and glycogen reduced conditions. Level of
significance was set at £.05 with standard Bonferroni adjustments.

The relationships between the values for percent change in lactate, potassium, and
MPF were assessed by simple correlation analysis. Separatatoamrahalyses were
conducted for data collected during exercise and post-exercise to anssapdhate
research hypotheses. P-values were Bonferroni adjusted when the samedaViétig
values are used to examine correlations with potassium and lactate. The R was used t

determine strength of correlation between the variables.
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CHAPTER IV
Results

The primary purpose of this study was to investigate the relationship between the
changes in median power frequenc$MPF) of the EMG signal and changes in blood
lactate ( %LAC) and blood potassium %K) during and after progressive graded exercise.
This chapter will first discuss the subjects’ characteristics andoagitin that one of the
conditions was performed in a glycogen reduced state. Thereafter, the rédsbis w
discussed as they occurred during exercise and then recovery from exebateglycogen
normal and glycogen reduced conditions.

Subject Characteristics

Table 1.Means (x standard deviations), minimums and maximums physical charageristi
of participants (n=8) in the study.

Characteristic Meanzstd Minimum Maximum
Body Mass (kQ) 68.4+8.1 57.3 80.2
Height (cm) 172.8+10.0 159.0 186.0
Age (years) 28.0£6.4 21 38
Predicted VQnax
(mL/kg/min) 62.3x7.4 47.0 71.7
Resting HR (bpm) 55.0+6.8 46 67

This study involved 8 subjects, all of whom completed the two condition study in its
entirety. The maximum, minimum, and means with standard deviations of physical
characteristics for the subjects are shown in Table 1. The subject populaidividad

evenly between males (4) and females (4). All had been training for triatbfomeirfe than



60 days. Based on predicted @ and resting HR, our population was highly trained
considering their gender and age.

Verification of Glycogen Reduced Status

The study had two conditions, one under normal glycogen conditions and one in a
glycogen reduced state. The results of repeated measures t-teste ihdictte subjects
were glycogen reduced for one condition; significant differences were fouasipmatory
exchange ratio (RER) and lactate between conditions (Table 2). However, #isene w
significant difference between the trials in number of stages completed (p=50wéBdmum
heart rate (p=0.239) or peak Y(®=0.627).

Table 2. Means (xstandard deviations) for maximum RER, lactate, and heart rate, number of
stages completed, and peak M@r glycogen normal and reduced conditions

Condition Meanztstd
Glycogen Normal| 1.02+.04
Glycogen Reduced .91+.07
Glycogen Normal| 11.1+2.4

Max RER*

Maximum Lactate (mmol/L)*

Glycogen Reduce

i 6.2+1.8

Number of Stages Complet

J_,Glycogen Normal

7.5%1.6

'Lblycogen Reduce

d 6.9+1.5

Maximum HR (bpm)

Glycogen Normal

181.3+10.

Glycogen Reduce

1174.8+10.2

Glycogen Normal

53.2+8.6

VO2peax(mL/kg/min) Glycogen Reduce50.988+9.4
* p<0.05 Normals Reduced Trials

Exercise
The lactate, potassium and EMG results as related to percep.\De presented in
Table 3. In the normal condition, the one-way ANOVA féLAC resulted in omnibus

significance (p<0.001), indicating that in general, tB&LAC increased as intensity
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increased. A similar trend was observed for the reduced condition (p<0.001). When

comparing %LAC between the two conditions, significant differences were found at 40%

(p=0.027), 60% (p=0.004), 80% (p=0.002), and 100% (p=0.012) efMOThe one-way

ANOVA for

%K also resulted in omnibus significance in the normal condition (p<0.001).

In general, the %K increased as intensity increased. A similar trend was observed for the

reduced condition (p<0.001).%K was not significantly different between glycogen

conditions. %MPF did not have significant changes for intensity during either glycogen

conditions (normal, p=0.229; reduced, p=0.315). Figure 2 depicts the individual subjects

%MPF at each intensity for the normal glycogen condition. Five out of the eighttsubjec

exhibited expected%MPF changes (noted by solid lines). There was no significant

difference between glycogen conditions fé6MPF.

Table 3.Means + standard deviations for percent changes in laciieAC), potassium
( %K), MPF ( %MPF) and absolute values for hematocrit (Hct) with increasing intansity

all conditions.
Percent VGpeak
th;‘igse "1 20% 40% 60% 80% 100%
YLAC Normal* 37+47 331571 101+85t 285+127t  714+372t
Reduced* 66164 15+25% -6+3871 92+841 279+173t
06K Normal* 7+10 157 17+8 19+12 3049
Reduced* -1+10 12+9 13+6 23+11 23+16
%MPE Normal -12+18 5+19 -1+15 -8+21 -9+25
Reduced 11+34 -0 £19 -8+10 -2+22 -11+2)
Hct (%) Normal 42+3 43+2 43+3 44+2 46+2
Reduced 42+3 42+3 43+3 43+3 44+3

a. Hematocrits are displayed for visual assessment only.
* p<0.001 between intensities; T p<0.05 normal vs. reduced conditions
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Figure 2.  %MPF for each subject at 20, 40, 60, 80, 100%¢£in normal glycogen
condition. Subjects approximating the expected mean values trend line have solid lines and
black markers. Subjects not approximating expected trends dotted lines and wikgties ma
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Simple correlations were computed to examine the relationship bet®wedPF and
%LAC during exercise in each of the two glycogen conditions. The correlatisadome
in magnitude and not significant for either condition (normal, r = -0.177, p = 0.275; reduced,
r =0.041, p=0.802). Correlations were also computed to examine the relationship between
%MPF and %K during exercise in each of the two glycogen conditions. These correlation
were also low and not significant for either condition (normal, r = 0.229, p = 0.155; reduced,

r=0.137, p = 0.398).
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Recovery

The lactate, potassium and EMG results as related to time of recoverysamet@de

in Table 4. In the normal condition, the one-way ANOVA féLAC resulted in omnibus

significance (p<0.001), indicating that there were changes over time in recdnveeneral,

the %LAC decreased with progression of time post exercise. A similar trend wasexdbs

for the reduced condition (p=0.002). When comparitig AC between the two conditions,

significant differences were found at 3 minutes post exercise (p=0.005) andtésmpost

exercise (p=0.002). The one-way ANOVA fdkK also resulted in omnibus significance in

the normal condition (p=0.002). In general, tBéK increased with time in recovery. A

similar trend was observed for the reduced condition (p=0.00BK was not significantly

different between glycogen conditions%MPF did not have significant changes over time

during either glycogen conditions (normal, p=0.125; reduced, p=0.516). There was no

significant difference between glycogen conditions feMPF.

Table 4. Means + standard deviations for percent changes in lact4iieAC), potassium
( %K), MPF ( %MPF) and absolute values for hematocrit (Hct) by time after erarcall

conditions.
Post Exercise
. . 30 min. 60 min.
Glycogen 3 minutes 6 min. I?ost 9 min. Eost Post Post
Status Exercise Exercise . )
Exercise Exercise
ULAC Normal* 780+208%t 830+292¢t 715+283 357+150 143+87
Reduced* 323+183ft 285+152t 286+186 151+11)7 64+4p
06K Normal* 2+10 -8+7 -5+8 1+8 17+16
Reduced* 218 -1+7 2+8 7+11 17+10
%MPE Normal -3+22 4432 10+40 7+37 8+39
Reduced -3+18 6+27 9+29 1+27 1+26
Het (%) Normal 46+3 46+2 45+3 42+3 42+2
Reduced 45+3 44+3 4343 41+3 41+4

a. Hematocrits are displayed for visual assessment only.
* p<0.05 between intensities; T p<0.05 normal vs. reduced conditions
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Correlations were computed to determine the relationship betv@édPF and
%LAC during recovery in each of the two glycogen conditions. The correlatioedaver
and not significant for either condition (normal, r = -0.093, p = 0.566; reduced, r =0.303, p =
0.060). Similar correlations also examined the relationship betwi&dmPF and %K
during recovery in each of the two glycogen conditions. These correlationomeaadl not

significant for either condition (normal, r = 0.078, p = 0.634; reduced, r =-0.121, p = 0.464).
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CHAPTER V
Discussion

Previous research has indicated that decreases in the median power fre§tiency o
EMG signal can be utilized to assess muscular fatigue during exglarsen, 1997,

Kuorinka, 1988; Lepers, 2002; McHugh, 2001; Nyland, 1993; Viitasalo & Komi, 1977).
While the use of MPF has been well validated during fatigue in purely isometrmse, its

use has not been consistently valid in studies of dynamic exercise (Peti®fgRy

Viitasalo, 1985; Kuorinka, 1988; Bouissou, 1989; Gamet, 1990; Ament, 1996; Jansen, 1997,
Masuda, 1999; Gerdle, 2000; Singh, 2007). Additionally, it has long been hypothesized that
the decrease in MPF is an indicator of decreased conduction velocity along thensara

as a result of ionic or pH changes resulting from exercise (Bouissou, 1989). Themirpos
this study was to examine MPF during dynamic progressive aerobic exancsletermine

if systemic changes in blood lactate and blood potassium are related tooakaraMPF

using maximal voluntary isometric contractions (MVIC) interspersed witt@rekercise.

Blood potassium and blood lactate responded as expected with significant increases
during exercise and decreases during recovery in both conditions. Also as expecoted, bl
potassium did not change between normal and reduced conditions, but lactate accumulation
was suppressed in the glycogen reduced condition. However, MPF did not respond with

significant systemic changes during exercise or recovery.



Effects of Glycogen Reduction

The timeline of lactate production during progressive aerobic exercigdis w
documented, and our subjects exhibited expected changes during exercise arg.recov
Osborne (2006) previously reported lactate data for subjects cycling abalatory
threshold for 8 minutes under glycogen normal and glycogen reduced conditions. They
reported significant decreases in lactate accumulation during the ghyceayeced exercise
conditions. The data from the present study agree that glycogen reduction dees caus
significantly lower accumulation of blood lactate during exercise. Accdsdiagr study
also recorded a significantly lower accumulation of blood lactate betledwd conditions
in recovery. All of these results are logical because an incomplete oxidagtytaden in
muscles is the major contributor to changes in blood lactate during exercislege and t
glycogen reduced condition had less substrate from which to produce lactate.

The timeline of potassium accumulation during progressive aerobic eXeasisot
been established, nor has a timeline of recovery from such exercise. Outeshmhstrated
that during progressive aerobic exercise, plasma potassium concentratiaagagrea
generally linear fashion with increases in exercise intensity. Thisase was significant
between 20% of V&eakand 40%, 60%, 80% and 100% of }€kin both normal and
reduced conditions (p=0.001); however, 40%, 60%, 80% and 100% gf@ere not
significant from each other in either condition. The changes in potassium ayediated to
the increase in muscle fibers recruited with increasing intensityeofiese. The greater
number of fibers depolarized, a greater amount of potassium would be expected to
accumulate in the blood. Depolarization of the muscle fiber occurs, in part, becanse of

efflux of potassium ions from the muscle cell into the interstitial spacere T¥aes no
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significant difference between normal and reduced conditions. The lack of artitfer
between the two conditions is possibly related to the lack of difference in the number of
stages performed between the two conditions. Each stage required a consisteatifpawe
to complete. If the same number of stages was completed, then power output would be the
same; a similar number of muscle fibers would have been depolarized to cailesdeviels
of blood potassium. In recovery, there was a significant increase in blood potéstween
blood draws at 6 minutes post-exercise and 60 minutes post-exercise (p=0.046). Again, ther
was no significant difference between the normal and reduced conditions.

The present study did not find any effect of progressive exercise on MP¥ or an
effect of glycogen depletion on MPF. This is in contrast to a previous study \epiatied
differences between conditions (Osborne, 2006). Osborne found that when cycling above
ventilatory threshold, MPF was significantly depressed in the glycogeneddoadition
after 5, 6, 7, and 8 minutes of exercise. Our study did not have an operational hypothesis for
MPF based on differences between the two glycogen conditions, but we did not find a
difference between the glycogen conditions in either exercise (p=0.3%3)owery
(p=0.856). This may indicate that glycogen reduction does not significamthyradtor unit
recruitment patterns during progressive exercise, though further reseaesgded.

Relationships Between Lactate, Potassium and MPF

A number of in-vitro studies have suggested both lactate and potassium have direct
effects on force production and Y®uppression in the muscle fiber, theoretically acting as
MPF suppressing agents (Hogan, 1995; Cairns, 1995; Nielsen, 2001). During exercise,
changes in potassium and lactate concentrations were not significasuibylreel alterations

in MPF in either normal or glycogen reduced conditions. Though correlations were not
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significant, it is interesting to note that the direction of the weak ctimelaxisting between
potassium and MPF was positive, not negative as would be expected. The study did
hypothesize that glycogen reduced conditions would produce an environment wiadee lact
was less related to changes in MPF compared to the glycogen normal conditioneaselec
in correlation did occur, though the relationships in both conditions were weak and non-
significant. In recovery, changes in lactate and potassium were netiredathanges in
MPF. In the reduced condition, lactate was almost significantly de{pted.06), but this is
likely a coincidence because it is very weakly related (r=-0.093) and in an tepgiosttion
of the glycogen normal condition. As a whole, the results of this study indicatbehais
no relationship between the MPF of the vastus lateralis and blood lactate or bloodimotass
during or after a progressive cycling test. This lack of relationship iy ke to the lack of
any significant change in MPF during both exercise and recovery. While the la¢kFof M
change during and after aerobic exercise opposes the findings of Potvin (1997) an@ Osborn
(2006), it does agree with numerous other published studies (Jansen, 1997; Cannon, 2007;
Petrofsky, 1979; Gamet, 1990; Viitasalo, 1985; Ament, 1996).

While our study found no significant relationship between potassium and MPF in
recovery, the time course for potassium to return to near-resting values ssmrgay to the
time course for MPF to return to resting values after exercise in studigscted by
Kuorinka (1988) and Ament (1996). Both of these studies reported a return to near-resting
MPF values by 7-10 minutes after exercise. This time course is valgrdimour return to
resting levels for blood potassium. It is possible that blood potassium is higidred
changes in MPF, but that our study was unable to discern this relationship due to lack of

consistency in MPF values between subjects.
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Given the knowledge of MPF and potassium’s quick return to baseline timeline, the
discontinuous nature of our exercise protocol may have contributed to our lack of significa
findings regarding MPF changes in exercise and MPF's relationshipasspah. However,
we were still able to discern significant changes in potassium. If theamables are
strongly related, MPF should have shown significant changes in conjunction withyratass
Additionally, Osborne (2006) noticed significant differences in MPF betweenah@nd
glycogen depleted conditions 5 minutes into a supra-ventilatory threshold tihtestria
Based on his findings, our protocol should have elicited a difference between the conditions
on the 5 minute stage where Yxwas reached, if such a difference existed. Our study
indicated no significant MPF difference between glycogen conditions for ahg ekercise
workloads.

If, as Singh (2007) suggests, the decrease in MPF is caused by phosphogen cycle
metabolic changes, our study would not likely have found a change in MPF. Tymcally
MVIC EMG data was collected 1 minute after completion of the exestagge. This time
allowed for setting up of the MVIC as well as the venous blood draw. This minute rey ha
been enough for the phosphogen cycle to replenish sufficient intramuscular ATP stores
causing no change in MPF. This hypothesis may also explain why wingiatéesty
typically elicit changes in MPF, but lower intensity aerobic exercise doe This would
also explain the lack of significant differences between glycogen conditions stuolyt as
glycogen reduction should have limited effect on phosphogen cycle replenishmentin 1

minute.
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Limitations of the Current Study

The greatest limitation of the current study is the sample size. The highiltgrof
EMG between the subjects and resulting lack of significant change duringsexard in
recovery made finding significant correlations difficult. A post-hoc powelyaisal
determined that to find a significant difference between MPF at basalinE08% VQpeax
the study would have required at least 25 subjects for a glycogen normal conuiti®®h a
subjects for a glycogen reduced condition. Additionally, while the subjects wete @tert
maximal force during the MVIC’s interspersed within the condition, we did not quainéfy
force output of these MVIC’s. Because the EMG power spectrum can be grgadbted
by changes in force output, this may have resulted in inconsistent EMG dataigbhe
expect that MVIC force output would decrease as the test progresses, daeiditRftto
decrease; however, there is evidence to suggest that MVIC force may kengedyafter a
maximal aerobic exercise test, resulting in an increase in MPF (Tenan,ighpdluata).
This lack of documented consistent force output during the tests may have resulted i
inconsistent EMG data. It is also possible that, with the expansion of muscledtissige
dynamic exercise, the EMG electrode did not remain over similar musels for every
MVIC. All of these factors may have contributed to the study’s inability toedisa
significant change in MPF.
Conclusions

Evidence of neuromuscular fatigue of the vastus lateralis as measured\biy Fhof
the EMG signal does not occur during or after an aerobic progressive exestien a cycle
ergometer with interspersed MVIC’s and active rest for data collectibough both lactate

and potassium have been implicated as factors relating to neuromuscular fedithes is
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significantly related to changes in MPF during or after progressiveisgens a cycle
ergometer. On the basis of these findings, main hypotheses one, two and fiyevitial
subsets of hypotheses three and four, were rejected.

It was hypothesized that MPF would decrease with increasing exeneassiiy and
increase during recovery. The study revealed no change in MPF during eitlceseexer
(p=0.363) or recovery (p=0.154). These findings may indicate that, during an aerobic
progressive exercise test of this nature, neuromuscular fatigue of the atestaiss| as
measured by the MPF of EMG, is not a significant limiting factor in perforenawi¢hile the
vastus lateralis is considered a “major mover” in cycling (Jorge, 1986), theduaivhuscle
may not reach a critical level of fatigue, measurable by EMG, befosthect terminates
the test. This finding is interesting in that it suggests that termination reisxdue to
fatigue occurs for several reasons: local fatigue in a combination ofergrscips involved
in the exercise, termination occurs due to cardiovascular limitations in highigd
populations, or a central nervous system control that occurs before the onset of gueantifiabl
local muscle fatigue. The first theory would suggest that training for iaeerércise should
not involve isolating muscle groups. The muscles should be functionally trained together to
facilitate proper MU firing patterns, prolonging time to onset of fatigueth Végard to
cardiovascular limitations, maximal exertion that occurs during an aerapacity test is
limited by the ability to provide oxygen (the cardiovascular system) to dhidrvg muscles,
which could result in termination before measurable local muscle fatigue odhedinal
theory supports the integrative model proposed by Lambert, St. Clair Gibson and Noakes
(2005) that a “Central Governor” controls the termination of exercise. Alsestigly, the

two blood markers suggested as major contributors to the integrative model are blood
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potassium and blood lactate. The cessation of exercise may not have been due to the
inability of the muscles to continue contracting; rather, it may be a comlex irehibition
from the central governor caused by the accumulation of metabolites or iongesharthe
bloodstream (either duration or total concentration of metabolites/ions in the béaoalsin
conjunction with a variety of other perceived factors such as familiaritythvét mode of
exercise, mental fatigue or a preconceived notion regarding their own nhagjpaaity.

Recommendations for Future Research

The scope of this study was large for the sample size used. It would be prudent for
studies in the future to examine certain variables in isolation with larg@lesaines.

For example, is the MPF of EMG when collected dynamically simildrabwhich is
collected via isometric contractions interspersed within the test? tlidyaexamining this
guestion, it would also be prudent to collect force data from the isometric camtrastwell
as examine isometric contractions at various levels of percent MVIC.

Upon visual inspection of line graphs for MPF changes with subjects in this study, it
was noted that some subjects directly followed expected patterns of degid&sirduring
progressive exercise. There may be a demographic factor (gender, ageyrbpdsgiton,
training status, etc) which predicts if a subject will display expected E¥d@onses and not
others. A larger exploratory study, similar to the one undertaken by Hug (2003) should
investigate if there are screening factors which may predispose atgoljet display
expected changes in MPF.

While conducting this study, unexpected patterns of potassium concentrationschange
occurred. These changes may be significant if examined in a greater sampi¢iqoput

also may be different when not using highly trained subjects as this study did. dtutlies
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should examine the time courses of potassium through progressive and steadyatiate a
exercise along with recovery for differently trained/untrained populations.

Alterations in MPF may be largely related to ATP stores availablemesic
conditions, including isometric contractions interspersed within an aerobicsextast. It
would be interesting to replicate our current exercise protocol with blooddestdenosine
or multiple muscle biopsies during exercise. However, the financial costaddor a study
of that magnitude, along with finding a sample of subjects willing to underggpiaul

muscle biopsies during exercise may be prohibitive.
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University of North Carolina-Chapel Hill
Consent to Participate in a Research Study
Adult Subjects
Biomedical Form

IRB Study # _ 08-1843
Consent Form Version Date: 12/07/08

Title of Study: The Relationship Between Blood Potassium, Blood Lactate, EMG Signals,
and Immune Response Related to Local Muscle Fatigue in a ProgressigisdXest

Principal Investigators: Matthew S. Tenan, BS ATC; Kyle Leppert, BA
UNC-Chapel Hill Department: Exercise and Sport Science
UNC-Chapel Hill Phone number:(919)962-1371

Faculty Advisor: Robert G. McMurray, PhD

Funding Source and/or SponsorN/A

Study Contact telephone number:(919)962-1371 (work); (717) 315-6763 (mobile)
Study Contact email: tenan@unc.edu

What are some general things you should know about research studies?
You are being asked to take part in a research stidyoin the study is voluntary.
You may refuse to join, or you may withdraw your consent to be in the study, foremmnre

Research studies are designed to obtain new knowledge that may help other people in the
future. You may not receive any direct benefit from being in the research study.aldee
may be risks to being in research studies.

Deciding not to be in the study or leaving the study before it is done will not pdiec
relationship with the researcher, your health care provider, or the Universltyrtbf
Carolina-Chapel Hill. If you are a patient with an iliness, you do not have to e in t
research study in order to receive health care.

Details about this study are discussed below. It is important that you underssand thi
information so that you can make an informed choice about being in this research study

You will be given a copy of this consent form. You should ask the researchers named above,
or staff members who may assist them, any questions you have about this shydyna¢ a

What is the purpose of this study?

The purpose of this research study is twofold: one purpose is to learn about the causes of
fatigue and how they change muscle electrical signals, and the second pumpesalgate

the immune response to exercise and changes caused by alteration of mugglsteres.
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You are being asked to be in the study because you are a moderate to highineggeri
triathlete or cyclist, aged 18-50 years, who has been training for your tressgort a
minimum of 60 days and are familiar with clipless pedal systems.

Are there any reasons you should not be in this study?
You should not be in this study if you are uncomfortable with blood draws or have any major
medical or orthopedic concerns limiting exercise.

How many people will take part in this study?
If you decide to be in this study, you will be one of approximately twelve people to
participate in this research study.

How long will your part in this study last?
Your total commitment of 10 hours will take place over a two-week period.
The entire study will be collecting data through a 4-month period.
1. The first session including screening, participant descriptives assgssmd a
submaximal exercise test will take 1.5 hours.
2. The control maximal exercise test session will take 3 hours.
3. The glycogen reduction protocol session will take 2.5 hours.
4. The experimental maximal exercise test session will take 3 hours.

What will happen if you take part in the study?

You will be asked to attend four sessions at the Applied Physiology Laboratorgan Fet
gym. The first session will be used to familiarize you with the project anthofatar

consent. You will be required to bring in the bicycle saddle, cycling shoes and pdai sy
from the bike on which you typically trainOnce you consent, you will complete a medical
history form, training history form. You will then, undergo a physical screening
examination, listening to your heart, lungs, obtaining your blood pressure anid@ rest
electrocardiogram. Your height and weight will be measured and body compositiba wi
obtained using the “BodPod”. The BodPod uses air displacement to obtain fat and muscle
mass. All you have to do is sitin it. For an accurate BodPod measurement,aéhttabss
that you do not eat, exercise or fully immerse yourself in water for 3 hourggtloe
assessment. Finally, you will perform a submaximal exercise testitmagée your maximal
capacity. This will be accomplished by having you work at three progreshianlgr
workloads on a stationary cycle ergometer. During this test your hesawtilianot exceed

165 beats per minute. The results of the submaximal test will be used to determine wha
workload you will use for the glycogen depletion trial, which will be performedatta

date.

The trials consist of a control trial and a two-part glycogen depletion exgrgam
trial. The control and experimental exercise trials will follow the sproeedure, except that
the experimental glycogen depletion trial will be preceded by an exsessen designed to
reduce your energy stores. In this depletion session, you will cycle ab6%ri@derate-to-
hard rate) of your maximal aerobic capacity for 120 minutes. To ensure yaiaima work
capacity in the 65-70% zone, an investigator will continually assess yournmugtpke.

Your well-being will be continually monitored by investigators using a 4 lead
electrocardiogram and water will be provided. You will not be allowed to eat imtle t
between the session intended to deplete your muscle energy and the experiaentaler
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day following the depletion you will complete the experimental exendede Before the
control trial, you will be requested to not eat in the 3 hours before the test.

The control and experimental exercise trials will be separated by Ssiamsure
your muscle energy stores have been replenished or you have fully recoverdukefrom t
control trial. Before each of these two exercise trials you will hasagleeter inserted into
your antecubital vein, located on the front side of your elbow. This will allow éadbl
draws during exercise. You will also be fitted with surface electrodeg#&sure the
electrical activity of your thigh muscles and heart. These surfaceales only measure the
electrical activity and do not present any risk to you. You will also be fitigdandevice
which measures the angle of your knee as you exercise. The exerciselpsatompleted
on a cycle ergometer and starts out very light and increases intensityiegeninutes. The
trial will be complete when you indicate you are no longer able to cycle dhanhg t
workload. This should take approximately 45 minutes or longer depending upon how in
shape you are. The exercise segments are alternated with 5 minuteeactivezy periods
where the tension is released from the cycle and you are able to ‘spin’ the padals a
comfortable speed. At the end of each exercise segment, a static (non-rttogimg)uscle
contraction and a blood draw of 3 mL will be performed on the bike. The active recovery
periods will allow you to remain comfortable on the bike throughout an otherwise strenuous
exercise test. You will be allowed and encouraged to consume water durigg\be a
recovery periods

Once the exercise is completed, you will need to remain seated on thetngsm
the blood and muscle signals can be collected 3, 6, 9 minutes post exercise. Once these
measures are completed, you can get off the ergometer and sit in a ablafolniair for the
remaining 51 minutes of recovery. During this recovery period quiet activideslawed
but any physical exertion will be minimal. Also during this period additional blodd a
muscle signal samples will be taken at minutes 30 and 60. You will be allowed to consume
water as you wish during this recovery period, but you will be asked to remaid seate
throughout the time period. A final blood sample will be collected at 120 minutes post-
exercise; after which the catheter will be removed by a trained igatst The total amount
of blood drawn depends on the length of exercise session, but will never exceed 45 mL
through 14 blood draws. The area over the puncture will be cleaned and bandaged using
sterile techniques.

What are the possible benefits from being in this study?

Research is designed to benefit society by gaining new knowledge. Tdfesenyou from
being in this study may be informational sheets detailing your maxenalia capacity,
lactate threshold during exercise and body fat percentage. This infornsatighly
valuable when training for competitive aerobic events.

What are the possible risks or discomforts involved with being in this stly?

You will be asked to perform strenuous exercise bouts and to provide blood samples during
the trials. With strenuous exercise, some degree of stress can be expectey aesult in

some muscle soreness and/or fatigue. The glycogen depletion triabwélyeu tired and
possibly irritable and grouchy for the next day. This is normal and similar tomarey

athletes do as part of their carbohydrate loading procedure a week befpetidon. Once

you complete the experimental trial, you will be given food.
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The blood draws will be conducted by a trained individual, Dr. McMurray, from the
University of North Carolina-Chapel Hill Applied Physiology Laboratory. MdcMurray

has been performing blood draws for over 30 years without complications. All standard
safety and sterile procedures will be used during all blood draws. If minomigrdises
develop as a result of the blood draws, ice and compression can be applied to the area.
In the event that there are cardiac complications which occur during this dtudy, a
investigators are certified by the Red Cross in CPR and in the use of an Aaddiregrnal
Defibrillator (AED). An AED is located within the Applied Physiology Ladskary at all
times.

In addition, there may be uncommon or previously unknown risks that might occur. You
should report any problems to the researchers.

What if we learn about new findings or information during the study?
You will be given any new information gained during the course of the study that might
affect your willingness to continue your participation.

How will your privacy be protected?

A subject identification number will identify each participant. You will teentified by a
subject identification number only. Code lists linking the participant identdicatumber
and your name and email address will be viewed only by the principal investigad
faculty advisor, and will be stored in a locked filing cabinet in the Applied Plogsiol
Laboratory. Email addresses will be obtained solely for the purpose of contamtihg
schedule data collection sessions. Once your participation is finished, thesadidirbe
discarded. All data will be stored in electronic format on the principal inet¢stig personal
computer. Computer access will be protected via confidential passwords. Gode list
identifying subjects will be retained for one year following the completfdhe study.
After a period of one year following the completion of the study these libtsendestroyed.

No subjects will be identified in any report or publication about this study. Althowegly ev
effort will be made to keep research records private, there may be timededbeal or state
law requires the disclosure of such records, including personal informationis Very
unlikely, but if disclosure is ever required, UNC-Chapel Hill will take stegsvalble by law
to protect the privacy of personal information. In some cases, your informattos in t
research study could be reviewed by representatives of the Universigrchesponsors, or
government agencies for purposes such as quality control or safety.

What will happen if you are injured by this research?

All research involves a chance that something bad might happen to you. This may include
the risk of personal injury. In spite of all safety measures, you might devedagtzon or

injury from being in this study. If such problems occur, the researchiéitseln you get

medical care, but any costs for the medical care will be billed to you amd/omgurance
company. The University of North Carolina at Chapel Hill has not set aside fundsyoupay
for any such reactions or injuries, or for the related medical care. Hoveg\&gning this

form, you do not give up any of your legal rights.
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What if you want to stop before your part in the study is complete?

You can withdraw from this study at any time, without penalty. The investigatorfave
the right to stop your participation at any time. This could be because you have had an
unexpected reaction, or have failed to follow instructions, or because the engraadud
been stopped.

Will you receive anything for being in this study?
You will not receive anything for taking part in this study.

Will it cost you anything to be in this study?
There is no cost to you for participating in this study.

What if you are a UNC student?

You may choose not to be in the study or to stop being in the study before it is over at any
time. This will not affect your class standing or grades at UNC-Cli#ippelYou will not be
offered or receive any special consideration if you take part in thigchsea

What if you are a UNC employee?

Taking part in this research is not a part of your University duties, andngfwgi not affect
your job. You will not be offered or receive any special job-related consaterayou take
part in this research.

What if you have guestions about this study?

You have the right to ask, and have answered, any questions you may have about this
research. If you have questions, or if a research-related injury ocourshguld contact the
researchers listed on the first page of this form.

What if you have guestions about your rights as a research subject?

All research on human volunteers is reviewed by a committee that works to goatect

rights and welfare. If you have questions or concerns about your rights agrahressject

you may contact, anonymously if you wish, the Institutional Review Board at 919-966-3113
or by email to IRB_subjects@unc.edu.
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Title of Study: The Relationship Between Blood Potassium, Blood Lactate, EMG Signals,
and Immune Response Related to Local Muscle Fatigue in a ProgressivisdcEXest

Principal Investigators: Matthew S. Tenan, BS ATC; Kyle Leppert, BA

Subject’s Agreement:

| have read the information provided above. | have asked all the questions | havamagthis t
| voluntarily agree to participate in this research study.

Signature of Research Subject Date

Printed Name of Research Subject

Signature of Person Obtaining Consent Date

Printed Name of Person Obtaining Consent
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Appendix II:

Training History Form
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University of North Carolina-Chapel Hill
Training History Form
Adult Subjects

IRB Study #
Title of Study: The Relationship Between Blood Potassium, Blood Lactate, EMG Signals,
and Immune Response Related to Local Muscle Fatigue in a Progressigis&X est

What sports have you trained for in the past 12 months (please list all)?

Please indicate any competitive events in which you have been a particigaatttime
period.

If any of the sports you have participated in/trained for involve cycling, aidugilize a
clipless pedal system? If so, what kind/brand?

Please describe in detail your average weekly training regimenhavkast 60 days
(e.g. number of days exercising per week, mode of exercise, duration of@xercis
intensity of exercise, etc.)
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Appendix llI:

Submaximal Exercise Test
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Each participant will begin by cycling at a rate of 50 retiohs per minute against a resistance
producing a workload of 150 kilogram-meters per minute (kgm/min). Wuskload will be
maintained for a first stage of 3 minutes. During the third reintie participant's heart rate will be
checked using the Polar Heart Rate Monitor. If the hetatisebelow 86 beats per minute (bpm), the
workload will be adjusted at the end of the third minute to 600 kimAimthe heart rate is between
86 and 100 bpm, the workload will be adjusted to 450 kgm/min. And if the ria¢e is above 100
bpm, the workload will be adjusted to 300 kgm/min. The second workldblbe maintained for the
next three minutes thereafter (second stage). The worklobbenithcreased again at the start of the
third and fourth 3-minute stages by an additional 150 kgm/min eadnt Hee will be measured
during the last 30 seconds of minutes 2 and 3 within each stapesé heart rates differ by more
that 6 bpm, the workload will be extended an additional minute until heartahtiézsts. The test will
be terminated if the participant's steady-state hearteathes or exceeds 85% of the age-predicted
maximal heart rate (Heart Rate = 220 - (age in yeard})arthird stage, the test will be terminated
(Heyward, 2006). The peak oxygen uptake for each participantbwikkstimated by using the
multistage equations based on the oxygen uptake rates of the last two stages
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Appendix IV:

Progressive Exercise Protocol
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