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ABSTRACT

The purpose of this investigation was to compare fatigue patterns 

in ten predominantly fast twitch (67.6%) and ten predominantly slow 

twitch (65.9%) individuals. All subjects performed5a one minute iso
kinetic knee extension fatigue test. . Surface electrodes recorded the 

number of motor units active (EMG), and total electrical activity (IEMG) 
of the m. vastus medialis» In addition, data was collected on peak 

torque, time to initiate torque, and"angular displacement during muscle 

activity.
Statistical methods consisted of a paired t-test for within 

group changes (p < .01) and the Student's t-test for changes between 

the groups (p < .01) .
The FT group showed significant increases (p < .01) in EMG 

activity, nonsignificant increases in IEMG and angular displacement, 

while peak torque and time to initiate torque both declined significantly 

(p < .01). The ST group had significantly decreasing (p < .01) values 

in all five test parameters.
Differences between groups were determined by comparing 

changes in all test parameters from the beginning to the middle and - 

from the beginning to the end of the fatigue test. Significant differ

ences (p < .01). occurred between the FT and ST groups in nine out of 

ten test parameters. This data suggests differences in fatigue 

patterns in FT and ST individuals.

viii



CHAPTER 1

INTRODUCTION

Determination of human muscle fiber type using the needle biopsy 
technique has been used in sports research to explain human muscular 

performance. It is generally accepted that an individual with predomi

nantly slow twitch (ST) muscle fibers is successful in endurance events, 

whereas an individual with predominantly fast twitch (FT) muscle fibers 

is successful in power demanding events such as sprinting and power 

lifting.

Muscle biopsy provides a morphological framework from which the 

FT and ST fibers are distinguished from one another. FT fibers have 

high myofibrillar ATPase and glycogenolytic enzyme activity where this 

activity is low in ST fibers. ST fibers are rich in mitochondrial 

enzymes, myoglobin content, capillary density and endurance potential 

where FT fibers are low in these parameters. However, the fact that 

an individual may possess a majority of one fiber type does not fully 
account for their actual physiological characteristics and capabilities. 

Level of training, technique, body composition, motivation and age are 

some additional factors that can influence the physiological response of 

individuals with known muscle fiber types.

Assuming that the ratio of muscle fiber type in the general 

population follows a normal distribution as shown in Figure 1, most 

individuals have equal components of FT and ST fibers. In those

1
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Figure 1. Normal Distribution of Human Muscle Fiber Types.
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individuals possessing a majority of one or the other fiber types, there 

are a number of characteristics which differentiate each group in terms 

of muscle fatigue, speed of muscular contraction, and recruitment pat
terns. Muscle fatigue differences are well understood, while differences 
in speed of contraction, and recruitment have not been that well delin
eated. ' .

Review of Literature

During muscular activity that produces work, the number and type 

of muscle fibers activated is neurologically controlled, as is their 

frequency of activation and synchronization. Low intensity work acti

vates predominantly ST fibers, whereas high intensity work stimulates 

FT fiber activity (Astrand and Rodahl, 1977). There are other factors 

that require specialized muscle fiber activity, and these will be 

analyzed individually.

Fuel Source

FT and ST muscle fibers both have the ability to store and 

utilize glycogen as fuel. During low intensity workloads, the ST 

fibers utilize glycogen rather poorly as a substrate (Gollnick,

.Karlsson, Piehl and Saltin, 1974). At this point the oxidative enzymes 

located in the mitochondria are activated and fatty acids become the 

fuel source. FT fibers are activated at high intensity workloads and 

use glycogen as the fuel source until all has been depleted (Gollnick 

et al., 1974), ultimately resulting in the accumulation of lactate and 

cessation of work. With training, the muscle fibers become larger and
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the enzyme capabilities appear to be enhanced, making the utilization of 

substrate more efficient (Gollnick, Armstrong, Saubert, Piehl and Saltinr 
1972)»

Speed

Speed or velocity of movement is relative to the FT fiber distri

bution. Buchthal and Schmalbruch (1970) reported that muscle contraction 

times varied from 40-120 milliseconds, with those fibers requiring 

greater than 60 milliseconds to contract as being ST fibers. Viitasalo 
and Komi (1978) showed good reproducibility in achieving various force 

levels relative to the percent of ST fibers in the m. vastus lateralis, 

The neurological equipment and morphological components of the individual 

allows for the speed of muscular contraction from the time the stimulus 

is received to the point of motor unit firing. Those individuals 

possessing a large percentage of ST fibers apparently have an innate 

disadvantage in those events requiring speed and quickness of muscle 
contraction.

Strength

Strength simply defined is the ability to overcome a resistance 

and perform work (Rasch and Burke,' 1971). Pure strength does not 

account in any way for the time needed to overcome the resistance and 

do the work. Maximal torque production at low or no speed (isometric) 

activates both ST and FT fibers as there is sufficient time for the ST 

fibers to be activated (Close, 1972; Coyle, Costill and Lesmes, 1979). 

Thorstensson, Larsson, Tesch, and Karlsson (1977) reported no difference



in torque values between predominantly FT track athletes and predomi- . 
nantly ST downhill skiers under isometric conditions. Therefore, a 

true static strength test eliminates or at least greatly reduces the 

time factor thus allowing both ST and FT muscle fibers to contribute to 

the effort which will maximize the total amount of force generated 

(Coyle, 1979)o

Power

Power is defined as the rate at which work is done. Determina
tion of power is made by dividing work by the time it takes to do the 

Wwork, or, P - , (Rasch and Burke, 1971) . As the velocity of movement 

increases, the force production is diminished and the ST fibers have 

less influence on power. Coyle et al. (1979) reported that force at 

high speeds generating power is influenced directly by the FT fibers. 

Characteristically, force is greater in FT fibers which also show a 

greater amplitude of contraction that do ST fibers. It has also been 

shown by Viitasalo and Komi (1978) that FT fibers have a shorter rise 

time than ST fibers, and therefore a faster time of contraction. Power 

is considered a very important factor to success in many athletic 

events such as sprinting, throwing and jumping. Basco and Komi (1979) 

reported a high correlation in those individuals with a high percentage 

of FT fibers and vertical jumping ability. In addition, Thorstensson 

et al. (1977) showed sprinters and jumpers to have moderately high 

percentages (X = 61%) of FT muscle fibers.
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Fatigue and Recruitment

Fatigue after prolonged work bouts results in a decreased ability 
to produce torque (Komi and Tesch, 1979) and an increase in lactate con

centration in the muscle. During static maximal work, restricted blood 

flow is a limiting factor in the onset of fatigue (Simonson and Lind, 

1971) and because of this, recovery time from statically induced muscle 

fatigue is quite lengthy. Intermittent static and dynamic muscle 

contractions both show a delayed onset of fatigue, less restrictive 

circulatory response, and shorter time to recover from the fatigue bout, 

than for static fatigue (Mundale, 1970; Komi, and Tesch, 1979)»

The method of fatigue production is important in both the nature 

of fatigue and the motor unit recruitment, pattern. Thorstensson, Grimby 

and Karlsson (1976) used a one minute fatigue test that required the 

subject to perform fifty maximal effort knee extensions isokinetically 

at an angular velocity of 180°/seCo This test has the capabilities of 

measuring power by having the subject produce torque at a moderate 

speed and endurance by noting the decrement of torque at the conclu

sion of the test.

Muscles of FT fiber composition have high power capabilities as 

was previously noted. FT fibers also have a rapid onset of fatigue at 

repeated maximal contractions (Komi and Tesch, 1979). This is due 

possibly to an increased production of lactate and subsequent contrac

tile element failure (Nilsson, Tesch and Thorstensson, 1977? Astrand and 

Rodahl, 1977). Thorstensson et al. (1976) found a linear correlation 

between fatiguability and percent FT.fibers. ST fibers show a less 

rapid onset of fatigue as the reduction in torque between the initial
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and end part of the exercise bout is much less with the average force 
decline about 45%.

The one minute fatigue test developed by Thorstens son is a 

valuable tool for looking at recruitment pattern differences between ST 

and FT muscle fibers. The predominantly ST individual has to recruit 

all of his motor units in order to achieve maximal torque production.

The ST individual can continue to recruit.a high number of motor 

units until the acetylcholine liberated at the neuromuscular junction 

can no longer effect the depolarization of the muscle membrane (Ruch.. 

and Patton, 1965)„ Therefore, fatigue resulting in a loss of torque 

production on ST individuals appears to be the result of neuromuscular 

junction failure. On the other hand, the predominantly FT individual 

recruits a smaller number of motor units to produce maximal torque„ 

However, as the FT fibers become ineffective due to decreased blood 

supply or increased blood lactate concentrations, torque is reduced 

(Nilsson et al, 1977). Following this contractile element failure, the 

FT individual must then recruit his ST fibers to continue to produce 

torque (Lloyd, 1971).

Studies to date have shown conflicting results in terms of EMG 

activity during fatigue. Stephens and Taylor (1972) reported a pro

gressive. decrease in EMG activity initially and then a continual decrease 

during maximal static work pointing to the neuromusuclar junction as the 

site of fatigue. Komi and Tesch (1979) showed nonsignificant decreases 

in IEMG activity in ST individuals and a more significant decrement in 

FT individuals during a two minute isokinetic knee extension fatigue
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test. While Komi and Tesch investigated IEMG and torque ratios, to date 

no one has investigated a combination of EMG related values to torque 
outputz angle during which the muscles are active or time to initiation 
of torque.

Purpose

The purpose of this investigation was to compare EMG and torque 

characteristics in individuals who differed considerably in their muscle 

fiber type distribution, during a one minute fatigue test. More speci

fically, the study was designed to answer the following questions.

1. Does the number of motor units change within and between 

groups .during a one minute fatigue test?

2. Is. there a difference in the patterns of IEMG activity 
within and between groups during the test?

3. Is there a difference within and between groups in peak 

torque produced at the middle and end of the test?

4. Is the time to the initiation of torque in the two groups 

effected by the onset of fatigue?

5„ What is the range of knee joint motion in the two groups 

during which time the muscle is active, and is the angle affected by 

the onset of fatigue?



CHAPTER 2

METHODOLOGY

Chapter 2 is divided into the following sections: 1) subjects,

2) test protocol, 3) methods of data analysis, and 4) statistical 

analysis.

Subjects
Twenty male subjects previously fiber typed by the needle biopsy 

technique (Coyle, 1979 and Farrell, 1978) volunteered to participate in 
this study. Subjects were placed into two groups of ten on the basis 

of having greater than 65% ST or FT muscle fibers. The means, standard 

deviations and. ranges of the groups are presented in Table 1„ Subjects 

were fully informed verbally and in writing as to the nature and risks 

involved with the study. Each subject signed a consent form (Appendix 

A) that was previously approved by the University of Arizona Human 

Subjects Committee. Subjects were tested twice during a one minute 

fatigue test of 'the knee extensor mechanism.

Test Protocol

A Cybex II* isokinetic muscle testing system was used to evaluate 

the test subject's muscular power during a one minute fatigue test.

*Lumex, Inc., 100 Spence Street, Bayshore, N.Y.

9
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Table 1. Means, Standard Deviations and Ranges of the Two Test Groups.

FT Group 
N = 10 % FT % ST Age (Years)

X 67.6 32.2 25.6

S.D. 6.42 5.78 5.06

Range 62.4-76.4 23.6-37.6 20-33

ST Group 
N = 10 % FT % ST Age (Years)

X 34.0 65.9 31.8

S.D. 7.6 8.5 12.03

Range 19-45 55-81 21-56
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The test was originally developed by Thorstensson et al* (1976)„ The 

subjects were positioned in the Cybex II seat as shown in Figure 2„ A 

lap belt and a thigh belt were used to stabilize the subject securely 

to the chair, isolating movement to the knee joint. The subject was 

also allowed to grip handles on the sides of the chair for additional 
stabilization. The lower part of the leg was secured to the force arm 

of the Cybex II with velcro straps.

An area on the belly of the right m. vastus medialis was cleaned 

with isopropyl alcohol and the skin was abraded. This procedure was 

necessary to remove body oils and dead tissues from the outer layer of 
skin so as to minimize tissue impedence and help obtain clean EMG 

signal recordings. Eight millimeter surface electrodes prepared with 

commercially available electrode paste were applied to the abraded area 

and fastened to the skin with adhesive collars.

The choice of the m. vastus medialis was made because of its 

easy accessibility for surface EMG recording f the fact that it is a one 

joint muscle, and is active in terminal knee extension. During pilot 

testing, when compared to the m. vastus lateralis the m. vastus medialis 

showed similar motor unit activity and recruitment patterns. The results 

of pilot work on both the m. vastus lateralis and m. vastus medialis are 

shown in Table 2.

Once positioned, subjects were given instruction and an oppor-’ 

tunity to practice on the Cybex II, at an angular velocity of 180°/sec. 

All subjects were allowed to warm up to the point where they could hold 

a cadence of fifty beats per minute with a metronome, and give a maximal



Figure 2. Subject Positioned for One Minute Fatigue Test.
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Table 2. Number of Motor Units Activated by the M. Vastus Lateralis 

and M. Vastus Medialis at the Beginning, Middle and End 
of the One Minute Fatigue Test.

Subject Beginning 
mVL mVM

Middle 
mVL mVM

End
mVL mVM

1 26.2 26.7 27.5 28.0 28.8 29.3
2 26.4 26.7 28.0 27.3 30.0 31.7
3 32.0 31.7 30.1 29.0 27.2 25.3
4 25.0 24.0 22.2 21.0 24.1 23.3
5 25.7 26.0 27.6 28.0 33.7 34.0
6 22.9 23.1 24.8 25.0 27.7 27.4
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effort for the test. Subjects were then asked to perform five maximal 

effort contractions in a row for the purpose of adjusting all sensiti

vities on the Gilson recorder*. After a short recovery and again with 

the speed set at 180O/sec7 the subjects performed a one minute fatigue 

test consisting of maximal effort contractions of the knee extensors 

while keeping cadence with the metronome for fifty consecutive contrac

tions, During the test, subjects were coached to keep the correct 

cadence, coaxed to give maximal effort contractions, and kept informed 

of the time remaining in the test.

Care was taken to calibrate the Cybex II for angle and torque 

prior to each testing session (Appendix B). All subjects were tested 

two times to determine repeatability, with at least one day's rest 

between tests,

Methods of Data Analysis

All data was collected using a Gilson four channel polygraph 

recorder, Channel one recorded the IEMG signal, or the integrated 

electrical activity of the muscle in contrast to the direct wave signal, 

Channel two recorded torque, channel three recorded angular displacement 

of the knee joint, and channel;*'four recorded the direct EMG signals.

Once the data was gathered on the graph paper , vertical lines 

for interpretation were drawn at the beginning of direct EMG activity 

and again when this activity ceased. The lines were extended the length 

of the graph paper as shown in Figure 3. A second vertical line was

*Gilson Medical Electronics, P.0. Box 27, Middleton, WI.



Figure 3. Typical Data Strip from Gilson Polygraph.



drawn from a point on the angular recording in channel three where an 

upward trend is first detected, up through the torque recording in 

channel two * A horizontal line was then drawn from the point on the 
angular recording in channel three where that line intersects with the 
second vertical line drawn representing cessation of the direct motor 

unit activityo

The five.sets of data described previously were gathered at the 

beginning, middle and end of the fatigue test. An average value of 

three contractions was used to represent each set of values at each time 

period. First, the number of motor units were counted. This was done 

by counting the spikes between the two vertical lines in channel four. 

The IEMG signal was evaluated by measuring the area under the curve 

using a Hewlett-Packard Digitizing Program. Third, the torque value was 

calculated, with each 5mm box representing 20 Nm and each 1mm box 4 Nm. 

Time to initiation of torque was determined by measuring the distance 

from the vertical line drawn from the low point of the angle on channel 

three to the point where the torque line in channel two begins its up

ward deflection. During the testing, a, paper speed of 50 millimeters 

per second was used, and at this speed each 1mm box corresponds to 0.02 

seconds. Angle was determined by measuring the distance from the low 

point of the angle line to the horizontal line that was drawn. This 

signifies the angle during which time there was motor unit activity

recorded on the direct EMG channel. To compute the angle, a '5mm box
o oequals 15 and the 1mm boxes 3 .

16
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Data for all subjectsr tests were recorded and later transferred 

to key punch cards for computerized statistical analysis.

Statistical Analysis

Mean differences within group for test repeatability (i.e. test . 

lf test 2) . was examined using a paired t—test for the five variables 
under study. In addition, Pearson Product correlations and percent 

error was determined for the five conditions at the beginning, middle 

and end of the fatigue bout for both groups.

Differences between the beginning and middle and between the 

beginning and end of the five conditions for each group was done using 

a paired-t test. Between group difference scores for the middle and 

end of the test were compared using the Student's t-test. The T 

statistic was based on a pooled variance estimate if no significant 

differences were found in the variance scores. If the variances were 

not similar, the T statistic was based on separate variance estimates 

for each group. The significance level of p < .01 was used for all 

comparisons.



CHAPTER 3

RESULTS

Chapter 3 will discuss the differences in subject's response 

to the first and second test sessions.

Test-Retest Repeatability
Figures 4 through 8 illustrate the test-retest repeatability of 

test one and test two taken by each subject in the study„ Table 3 

"shows the correlation of test one to test two between both groups in 

all five test parameters» Both the FT and ST groups showed good 

agreementz particularly with respect to the direct EMG recording 

(r = 0.78), peak torque (r = 0.98) , and time to torque (r = 0.87).

The number of motor units active (Figure 4) varied by no more 

than 3% in both groups. IEMG activity showed the most variability.

The greatest difference is seen in both groups at the 30 second time 

interval; 9% difference in the FT group and 12% in the ST group 

(Figure 5). Peak torque varied by 1% or less in both groups at the 

first time interval, 5% and 1% respectively for FT and ST groups at 

30 seconds, and at the 60 second interval 3% FT and 8% ST. Time to 

the initiation of torque showed no difference in both groups with the 
exception of the 60 second interval in the FT group (Figure 7). There 

was less than a 2% difference seen in angular displacement in both 

groups (Figure 8) at all three time intervals. The raw data for all 

test parameters are located in Appendix C.

18
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Table 3» Pearson Product Test-Retest Correlation Coefficients for the 

FT and ST Groups for All Time Periods Together.

PARAMETERS ANALYZED
GROUP TIME TO ANGULAR

EMG IEMG TORQUE TORQUE .DISPLACEMENT

FT r = 0.92 r = 0.32 r = 0.99 r = 0.92 r = 0.57

ST K 11 O r = 0.24 r = 0.97 r = 0.81 r = 0.68
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Within Group Comparisons

Figures 9 through 13 and tables 4 and 5 compare the changes
that occur within both groups in the five parameters during the one

minute fatigue test. Figure 9 shows that the FT group increased the 

number of motor units active during the test from 27.4 to 30.5, whereas 

the ST group decreased the number of motor units activated during the 

test from 34.7 to 32.1. IEMG activity (Figure 10) revealed a similar 
pattern as the FT group increased their activity during the test by

11%, while the ST group decreased their activity by 15%. Only the

increase in the IEMG signal in the FT group was not significant at the 

0.01 levelo
Peak torque in the FT group declined 52% by mid test and then 

24% during the last half of the test, for a total decline of 76%. A 

37% decline in peak torque occurred in the ST group during the first 
30 second period while during the last half of the test group declined 

28%, for a total decrement of 55% (Figure 11). These changes were 

significant for both groups at the 0.01 level.

Time to the initiation of torque showed similar changes in both 

groups with the FT group using 46% and the ST group 25% more time at 

the end of the test to initiate torque when compared to the beginning 

of the test (Figure 12). These differences were significant at the 0.01 

level.
Angular displacement showed a slight increase from the beginning 

to the end of the test in the FT group (+3%), and a decrease for the 

same time period in the ST group (-7%) (Figure 13). The increase in
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Table 4. F.T. Within Group Comparisons,'Beginning vs. Middle and 
Beginning vs. End of Test (P < 0.01).

F.T. GROUP
Test Data X S.D. S.E. Two-Tailed Problem

EMG 27.44 3.36 1.06 .006Beg. vs. Mid. 28.99 2.85 0.9
EMG 27.44 3.36 1.06 .000Beg o vs« End 30.50 2.74 0.87
IEMG 1.03 0.20 0.062 .130*Beg. vs. Mid. 1.12 0.25 0.078
IEMG 1.03 0.20 0.062 . .086*Beg. vs. End 1.15 0.26 0.081
Torque 89.6 18.60 5.88 .000Beg. vs. Mid. 47.2 11.51 3.64
Torque 89.6 18,60 5.88 .000Beg. vs. End 21.7 6.22 1.97
Time to Torque . 0.042 0.006 0.002 .001Beg» vs o Mid. 0.055 0.008 0.003
Time to Torque 0.042 0.006 0.002 .000Beg. vs. End 0.075 0.006 0.002
Angular Displ. 78.65 6.55 2.07 .871*Beg. vs. Mid, . 78.85 5.84 1.85
Angular Displ. 78.65 . 6.55 2.07 .342*Beg. vs. End . 80.75 6.44 2.04

*No statistical significance
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Table 5. S.T. Within Group Comparisonsr Beginning vs. Middle and 
Beginning vs. End of Test (P < 0.01).

S.T. GROUP
Test Data X S.D. S.E. Two-Tailed Problem

EMG 37.71 1.89 0.60 .003Beg.' vs. Mid. 33.47 1.54 0.49
EMG 34.71 1.89 0.60 .001Beg. vs. End 32.12 1.71 0.54
IEMG 1.24 0.102 0.032 .004Beg. vs. Mid. 1.13 0.093 0.029
IEMG 1.24 0.102 0.032 .004Beg. vs. End 1.05 0.153 0.048
Torque 60.8 15.02 4.75 ,000Beg. vs. Mid. 38.6 10.67 3.37
Torque 60.8 15.02 4.75 .000Beg. vs. End 27.8 6.94 2.20
Time to Torque 0.061 0.005 0.002 .006Beg. vs. Mid. 0.072 0.009 0.003
Time to Torque 0.061 0.005 0.002 .000Beg vs. End 0.081 0.006 , 0.002
Angular Displ. 87.0 8.50 2.69 .006Beg. vs. Mid. 82.85 7.03 2.22
Angular Displ. 87.0 8.50 2.69 .003Beg. vs. End. 81.0 5.90 1.87
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the FT group was not significant at the 0.01 level, but the decrease 
shown by the ST group was significant (Tables 4 and 5).

Between Group Comparisons
The changes which occurred in both groups during the 60 second 

fatigue test for the five parameters were compared both statistically 

and graphically. Figures 14-18 illustrate the differences while Table 

6 presents the statistical analysis.
In EMG activity, from the beginning to the middle of the test, 

the FT group increased the number of motor units active by 1.6 and the 

ST group decreased their activity by 1.4 units' (Figure 14). From the 

beginning to the end of the test, the FT group further increased the 

number of active motor units by 3.1 and the ST group again decreased by 
2.6. All of these differences were significant at the 0.01 level.

IEMG activity revealed a similar pattern with. the FT group 

showing a 0.09 square inch increase in area at 30 seconds and the ST 

group a 0.11 square inch decrease (Figure 15). At 60 seconds the FT 

group increase was 0.12 and the ST decrease 0.19 square inches. The 

differences which occurred between the groups at the middle and end 

of the test were significant at the 0.01 level.

Peak torque values in the FT group dropped 42.2 Nm from begin

ning to mid test whereas the ST group showed a 22.2 Nm decline (Figure 

16). From the onset of the test to the end, the FT group declined 

67.9 Nm while the ST group fell 33.0 Nm. The differences at both the 

middle and end of the test were significant at the 0.01 level.



Nu
mb

er
 o

f 
Mo
to
r 

Un
it
s

34

60 sec30 sec

-0.5

- 1.0

-1.5

- 2.0

-2.5

-3.0

-3.5
-4.0

Figure 14 Mean Differences for EMG Activity



Ar
ea
 (

sq
. 

in
.

35

60 sec30 sec

Figure 15. Mean Differences for IEMG Activity



To
rq
ue
 (

Nm)
36

60 sec30 sec

Figure 16 Mean Differences for Peak Torque



Ti
me
 (

se
cs
)

37

60 sec30 sec

Figure 17. Mean Differences for Time to Torque



De
gr
ee
s

38

60 sec30 sec

Figure 18. Mean Differences for Angular Displacement.



39

Table 6 » Between Group • Comparisons , Beginning vs • Middle . and Beginning 
vs. End of Test. (P < 0.01) .

Group Test Data X Qcn S.E. Two-Tailed Problem

FT EMG + 1.56 1.40 ,443 .000ST Beg. vs. Mid. - 1.24 .977 . 309
FT EMG + 3.02 1.607 .508 .000ST Beg. vs. End - 2.59 1.727 .546 ‘
FT IEMG + ■ .084 .159 .05 . 003ST Beg. vs. Mid. - .115 ,096 .03
FT IEMG + .116 .190 .060 .001ST Beg. vs. End - .191 .157 .050
FT Torque -42.4 10.803 ' 3.416 .000ST Beg. vs. Mid. -22.2 6.973 2.205
FT Torque -67.9 15.271 4.829 .000ST Beg. vs. End -33.0 10.392 3.286
FT Time to Torque - .014 .009 .003 .647*ST Beg. vs. Mid. - .012 .010 .003
FT Time to Torque - .033 .007 .002 .001ST Beg. vs. End - .020 .008 .002
FT Angular Displ. + .20 3,795 1.20 .017ST Beg. vs. Mid - 4.15 3.621 1.145
FT Angular Displ. + 2.10 6.62 2.093 .006ST Beg. vs. End - 6.0 4.778 1.511

*No statistical difference
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Time to torque decreased by 0,015 seconds in the FT group and 

0,01 seconds in the ST group from the beginning of the test to the 30 

second point (Figure 17), This difference was not significant at the 

0,01 level. From the beginning of the test to the end, the FT group's 
time further decreased to 0,035 seconds and the ST group decreased to 

0,02 seconds, These differences were significant at the 0.01 level.

The FT group increased angular displacement by 0.2 degrees by 

mid test and the ST group decreased by 5.9 degrees. By the end of the 
test, the FT group further increased angular-'displacement to 2.1 degrees 

and the ST group decreased to 6.0 degrees (Figure 18). These differences 

were significant at the 0.01 level.



CHAPTER 4

DISCUSSION

The findings of this study clearly show that there are marked 

differences in the fatigue mechanism between individuals possessing 
predominantly FT muscle fibers and those with predominantly St fibers„

The changes observed in the various parameters investigated provide 

evidence in understanding these differences.
The direct EMG recordings (Figure 9) show the ST group ini

tially recruited a higher number of motor units than the FT group 

(34.7 vs. 27.4). Since a given number of ST fibers do not produce peak 

torque values as high as that same number of FT fibers do, the ST 

individual seemingly compensates for this and, thus, more ST fibers 

are most likely recruited to produce maximal torque. The ST group's 

ability to recruit a higher number of motor units significantly decreases 

(p < 0.01) during the one minute test from 34.7 to 32.1 motor units.

This decline could signify an inability to continually recruit motor 

units at high levels at the neuromuscular junction. Conversely, the 

FT group has the lowest frequency of motor unit activity at peak torque 

production, and progressively recruits significantly (p < 0.01) more 

motor units, from 27.4 to 30.5, as the test proceeds. During the last 

part of the test, the FT group showed their highest EMG value (30.5) 

and lowest torque output (21.7 Nm). The FT fibers are best suited for 

torque production and are used first by the FT individual. As the FT

41
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fibers reach the point of total fatigue, that individual then attempts 

to recruit ST fibers to maintain optimal torque production (Lloyd, 1971)»

IEMG activity (Figure 10) shows a similar pattern of activity 
as the number of motor units. High levels of motor unit recruitment 

in the ST group is indicated by the highest value for IEMG (1.24) 

along with the peak torque value (60.8 Nm) . The IEMG values then 

decline from 1.24 sq. in. to 1.13 sq. in. to 1.05 sq. in. as the test 
proceeds. In other words, the "transmission mechanism" or neuromuscular 

junction fails to some extent (Asmussen, 1979). Conversely, IEMG acti

vity in the FT group is least active during peak torque production 
(1.03) and then increases as the test is performed from 1.03 sq. in. 

to 1.12 sq. in. to 1.15 sq. in. This indicates that the FT group uses 

primarily their FT fibers to the point where they become ineffective 

due to lactate accumulation and contractile element failure manifests 

itself (Asmussen, 1979). At this point, the FT individual activates 

their ST muscle fibers as was previously described. Patterns of EMG 

response to FT and ST fiber activity (number of motor units, IEMG) has 

not been previously described in the literature.

Declines in peak torque are consistent with those reported by 

other investigators (Komi and Tesch, 1979; Thorstensson and Karlsson, 

1976; Nilsson et al., 1977). Thorstensson reported declines ranging 

from 20 to 62% and which averaged about 45% for his subjects. Greater 

declines in peak torque for FT and ST individuals were reported by Komi 

and Tesch, while Nilsson's subjects decline of peak torque was about 

50% of their initial values. The FT group in this study showed an
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overall decline in peak torque of 76% during the test whereas the ST fell 

55%. The FT group's torque decline was so great that by the end of the 
test the ST group's torque value surpassed that of the FT group (27.8 Nm 
to 21.7 Nm).

Buchtal and Schmalbruch (1970) reported that time to the initia-
r

tion of torque was faster for FT individuals. The findings in this 
study are in agreement and even though time to peak increased as a 

factor of time, the FT group was faster at all times than the ST group» 

This increase in time might be indicative of the decreased speed of 

muscular contraction that accompanies fatigue in all types of muscle 

fibers.

Angular displacement represents the angle of the knee joint 

during which time motor unit activity was occurring. The ST group had 

their highest angular displacement value at the onset of the test 

(87.0°)o As the test proceeded, values declined from 87.0° to 82.9° . 

to 81.0°. Conversely, the FT group showed the lowest angular displace

ment value at the beginning of the test, and increased values as the 

test was performed from 78.7° to 78.9° to 80.8°* Group differences 

here might be attributed to the fact that as fatigue occurs, the angle 

of the joint during which the muscle is electrically active increases 

or decreases depending on the type of fibers recruited. When the 

predominantly FT individual's FT fibers become ineffective, he must 

then utilize ST fibers which are less well suited for torque production 

than FT fibers. As more ST fibers are used, their increased activity is 

reflected by an increased angle or time to produce their maximal torque.



ST individuals need an even larger angle than FT (87.0° vs. 78.7°) to 

utilize their ST motor unit pool since they have so few FT fibers to 

produce high torque levels» As fatigue occurs, the ST individual 

gradually loses the ability to produce torque, not because they have 

exhausted their FT fibersbut because their ST fibers gradually fail 

at the neuromuscular junction (Komi and Tesch, 1979), and possibly 

those motor units with the best mechanical advantage to perform the 
task becomez totally ineffective and thus decrease the angular displace 
mento

The one minute fatigue test has also been used as a predictor 

of muscle fiber type. Thorstensson and Karlsson (1976) used the one 

minute fatigue test on ten male subjects and formulated a prediction 

equation for FT muscle fibers. Applying the Thorstensson and Karlsson 

formula (% FT = 0.9 (% decline) t 5.2) to data obtained in this study 

shows differences between actual and predicted fiber type to range 

from 2%-66% (Table 7). The mean error was 19.5% and in 17 out of 20 

subjects FT fiber percentage was overpredicted. Only two subjects 

showed a 3% or less error in their fiber type prediction. This data 

suggests that caution be.used in fiber type prediction on the basis 

of Thorstensson and Karlsson*s equation.

The findings of this study which showed different responses in 

the two fiber type groups to torque, electrical activity, time to 

torque and angular displacement, clearly suggest separate fatigue 

mechanisms. Predominantly FT individuals can produce high peak torque 

values initially without recruiting a large number of motor units.
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Actual Fiber Type Values and Predicted Values Using the 
Prediction Equation of Thorstensson and Karlsson.

Actual % FT Predicted % FT % Error
64.1 81 +21%
67.2 71 + 5%
64.4 ' 80 +19%
72.7 79 + 8%
65.0 73 +11%
64.2 77 +17%
75.3 87 +13%
62.4 80 +22%
76.4 79 + 3%
65.2 79 +17%
27 52 +48%
19 56 +66%
30 41 +27%
34 32 — 6%
32 37 +14%
40 36 -10%
33 49 +33%
41 28 -32%
45 46 + 2%
39 46 +15%

X = +19.5%
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However, as fatigue prevents the FT fibers from functioning, this high 
torque capability is greatly impaired and the FT individual must now 

use his ST fibers to produce peak torque. The FT individual is more 

affected by stress to the anaerobic pathway, since he must use glycogen 

to fuel the work which eventually leads to lactic acid accumulation and 

then a switch to oxidative metabolism. Conversely, the ST individual 

probably uses’, the small percentage of FT fibers he has to produce peak 

torque and also recruits his ST fibers at a high level. The effect of 

fatigue in this instance seems to be the impaired ability to recruit the 

low threshold motor units at a high frequency as fatigue develops. The 

ST individual is taxing his oxidative pathways to the point where they 

slow down as fatigue occurs.



SUMMARY, FINDINGS, CONCLUSIONS,
AND RECOMMENDATIONS

This study was undertaken to identify differences in fatigue 

mechanisms between FT and ST muscle fibers» The major purposes of the 
study were to record muscular electrical activity, peak torque values, 

time to initiation of torque and angular displacement of the knee 

joint/ and compare these values in the FT and ST individuals.

Data obtained in this study was used to establish the basis 

for separate fatigue mechanisms in FT and ST individuals.

Summary

Twenty male subjects who had been previously fiber typed by 

the needle biopsy technique participated in this study. The subjects 

were selected on the basis of having a predominantly FT or ST muscle 

fiber distribution. Ten subjects with a mean FT fiber type of 67,6% 

were selected for the FT group, and ten subjects with a mean ST fiber 

type of 65,9% were selected for the ST group. All subjects performed 

a one minute fatigue test involving fifty maximal knee extensions on 

the Cybex II isokinetic testing system. Data was recorded on a Gilson 

polygraph recorder. All subjects were tested twice on nonconsecutive 

days to measure test-retest repeatability.

CHAPTER 5
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Statistical methods consisted of a paired t-test for within group 

changes (p < .01), and the Student's t-test was used for changes between 
the groups (p < .01).

Findings

The major findings based on the subject population for this study 

were as follows.

1. Test-retest repeatability correlated most highly in torque 

(FT r = .99, ST r = .97) and time to torque (FT r = .92, ST r = .81).
2. EMG activity correlated fairly high (FT r = .92, ST r =

.64), IEMG was (FT r = .32, ST r = .24) , and angular displacement 

values were (FT r = .57, ST r = .68).

3. Within group, comparisons for the FT group revealed signifi

cant increases (p < .01) for EMG activity, nonsignificant increases in 

IEMG and angular displacement., while peak torque and time to initiate 

torque both declined significantly (p < .01).

4. The ST group values for all five test parameters show signi^ 

ficant decreases (p < .01) .

5. Between group comparisons were significantly different

(p < .01) in four out of five parameters at thirty seconds and in all 

five parameters at sixty seconds.

Conclusions

In view of the findings of this investigation, the following

conclusions • are' made.



1. External output of work during a fatigue test is much more 

repeatable than mechanisms involving motor unit control.

2. FT individuals respond to a sixty second fatigue test with 

a 76% decrement of torque, 10% increase in the number of motor units, 
10% increase in total electrical activity, 47% in time to torque, and 
a 3% increase in angular displacement.

3. ST individuals respond to a sixty second fatigue test with 

a 55% decrement of torque, 7% decrease in active motor units, 15% 

decrease in total electrical activity, 25% decrease in time to torque, 

and a 7% decrease in angular displacement.

4. A one minute fatigue test involving fifty maximal effort 

knee extensions does seem to differentiate fatigue patterns in 

predominantly FT and ST individuals.

Recommendations

1. Refinement of the test protocol in terms of intensity and 

duration to better identify FT and ST characteristics.
2. Refinement of the data analysis procedure for EMG activity 

by using a frequency recorder to more accurately count the motor unit

signals.



APPENDIX A

SUBJECT'S CONSENT

Study: EMG Activity and Fatigue Characteristics of the Vastus Medialis
Muscle in Fast and Slow Twitch Individuals.

Objectives: To compare the effects of dynamically induced muscle fatigue
in fast and slow twitch muscle fiber groups.

Procedures: You will be tested on two separate occasions, each session
lasting about one half hour. The study will be conducted in 
McKale, 228W. There will be no cost to the subject, other than 
cost of transportation to the study site. Subjects will not 
receive financial remuneration for their participation, but will 
hopefully gain insight into the nature of muscle fatigue. 
Anonymity of the subjects will be preserved. The vastus medi
alis muscle of the lower and inner thigh will be used in the 
study. Eight millimeter surface electrodes will be applied over 
the muscle. You will be seated in a padded seat and secured 
with a seat belt. The lower thigh will be strapped to the seat 
and the ankle will be strapped to the force arm of the Cybex 
testing device. While in this position you will be asked to 
straighten your knee with maximal effort for one minute while 
keeping cadence with a metronome set at a frequency of fifty 
per minute. The right leg will be used for the test.

Risks: You may experience local skin irritation from the electrode
placement, which will be localized and is not serious. Muscle 
cramping and soreness is possible after the testing, but is 
transcient in nature and relieved by stretching the muscles.

I have read and understand the above. The nature, demands, and risks 
of the study have been explained to me. I understand that my partici^ 
pation in this study is totally voluntary and that I may withdraw at 
any time without any ill-will on the part of the investigators, and 
that my university standing will not be affected. I also realize that 
in the event of physical injury resulting from the research procedures 
that financial compensation for medical care is not available. For 
answers to any questions concerning the study contact John Mauz at 
325-1030.
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I also understand that this consent form will be filed in an area desig
nated by the Human Subject's Committee with access restricted to the 
principal investigators or authorized representatives of the particular 
department. A copy of this form will be made available to you upon 
your request.

Subject's Signature _________________ .______  Date
Witness ' Signature^___________ _______  ____  Date_______ '

I have carefully explained to the subject the nature of the study. I 
hereby certify that to the best of my knowledge the subject signing 
this form clearly understands the nature, demands, and rights involved 
in their participation. A medical problem, language or educational 
barrier has not precluded their understanding of the study.

DatePrincipal Investigator.
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Table C-l. EMG Values (# motor units) for All Subjectsf Tests 1 and 2.

Subject
Number

Beginning 
T1 T2 X T1

Middle
T2

(
X T1

End
T2 X

01 32.0 33.3 32.7 32.0 32.7 32.4 34.0 32.0 33.0
02 25.0 25.3 25.2 26.7 26.0 26.4 28.7 28.7 28.7
03 26.7 24.3 25.5 28.0 26.0 27.0 29.3 27.7 28.5
04 29.0 29.0 29.0 29.3 30.3 29.8 32.0 33.0 32.5
05 27.3 25.7 26.5 31.3 29.0 30.2 32.0 30.7 31.4
06 26.0 26,7 26.4 28.3 29.3 28.8 30.3 32.0 31.2
07 27.3 26.7 27.0 26.0 27.3 36.7 29.3 27.3 28.3
08 32.7 33.3 33.0 34.0 32.7 33.4 35.3 32.7 34.0
09 23.0 20.7 21.9 25.3 23.7 24.5 25.0 , 25.1 25.1
10 28.0 27,7 27.8 31.0 31.0 31.0 32.0 32.0 32.0
11 30.7 36.0 33.4 31.3 36.0 33.7 33.0 36.0 34.5
12 38.7 38.0 38.4 37.3 36.7 37.0 34.7 36.0 35.4
13 33.0 32.0 32.5 32.0 31.7 31.9' 31.3 30.3 30.8
14 33.7 32.7 33.2 31.7 31.7 31.7 29.3 30.0 29.7
15 34.0 34.0 34.0 32.0 34.3 33.2 30.7 32.7 31.7
16 34.3 38.7 36.5 33.3 34.4 33.8 31.0 31.7 31.4
17 32.7 34.3 33.5 31.7 33.0 32.4 30.7 32.7 31.7
18 32.3 35.0 33.7 33.0 32.3 32.7 31.3 31.3 31.3
19 37.0 34.3 35.7 35.0 33.3 34.2 33.3 32.7 33.0
20 36.7 36.0 36.4 34.0 33.7 33.9 32.0 31.7 31.9
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Table C-2. IEMG (sq. :Ln.) Values for All Subjects, Tests 1 and 2.

Subject
Number

Beginning 
Tl T2 X

Middle 
Tl T2 5 Tl

End
T2 X

01 .81 .90 .86 .69 1.06 .88 .78 1.07 .93
02 1.01 1.36 1.19 .73 1.39 1.06 .84 1.57 1.21
03 1.06 .81 .94 1.28 .99 1.14 1.35 1.05 1.20
04 1.02 1.20 1.11 1.18 1.53 1.36 1.39 1.62 1.51
05 1.31 1.23 1.27 1.80 1.26 1.53 1.70 .90 1.30
06 1.01 1.00 1.00 1.14 1.44 1.29 1.50 1.37 1.44
07 1.17 .84 1.00 .83 .76 .80 .76 .83 .80
08 1.29 1.05 1.17 1.33 1.29 1.31 1.35 1.30 1.33
09 .59 .78 .69 .81 .97 .89 .95 1.09 1.02
10 .92 .82 .87 .85 1.01 .93 .78 .78 .78
11 1.38 1.21 1.30 1.27 1.10 1.19 1.09 1.02 1.05
12 1.31 1.32 1.32 1.24 1.35 1.30 1.08 1.24 1.16
13 1.14 1.03 1.09 1.04 1.06 1.05 .79 .88 .84
14 1.19 1.24 1.12 .88 1.08 .98 . .85 1.08 .96
15 1.30 1.51 1.41 .84 1.36 1.10 .82 1.21 1.02
16 1.28 1.39 1.33 1.20 1.14 1.17 .95 .91 .93
17 1.05 1.32 1.19 .98 1.24 1.11 .90 1.07 1.03
18 1.26 1.25 1.26 1.28 1.17 1.23 1.38 1.32 1.35
19 1.00 1.42 1.21 .78 1.38 1,08 1.06 1.38 1.22
20 1.26 .94 1.10 1.09 1.03 1.06 1.05 .90 .98
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Table C-•3. Peak Torquei Values (Mm) for All Subjects, Tests 1 and 2.

Subject Beginningr Middle End
Number . T1 T2 X T1 T2 X T1 T2

01 54 56 55 30 30 30 12 12 12
02 96 96 96 52 52 52 32 30 31
03 86 86 86 46 46 46 20 18 19
04 116 110 113 72 -• •'64 68 26 26 26
05 88 86 87 58 . 50 54 24 30 27
06 86 80 83 42 44 43 24 20 22
07 102 .102 102 44 36 40 18 12 15
08 62 68 65 30 34 32 14 16 15
09 102 96 99 52 50 51 24 24 24
10 108 112 110 54 58 56 26 26 26
11 32 32 32 20 22 21 18 18 18
12 54 52 53 36 36 36 ' 30 30 30
13 84 82 83 58 52 56 36 40 38
14 54 48 51 32 22 27 22 16 19
15 72 66 69 38 42 40 28 30 29
16 66 68 67 42 42 42 26 28 27
17 64 70 67 52 52 52 36 38 37
18 56 58 57 32 32 32 18 24 21
19 50 52 51 34 36 35 24 30 27
20 76 80 78 44 48 46 28 36 32
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Table C-4. Time to Torque Values (secs) for All Subjects., Tests 1 and 2.

Subject
Number

Beginning 
T1 T2 X Tl

Middle
T2 X Tl

End
T2 X

01 .05 .05 .05 .05 .04 .05 .07 .07 .07
02 .05 .04 .05 ,06 .06 .06 .09 .08 .09
03 ,03 .03 .03 .04 .04 .04 .06 .08 .07
04 .04 .04 .04 ,06 .06 .06 .07 .08 .08
05 .05 . .05 .05 .06 .06 .06 .08 .08 .08
06 .04 .04 .04 .06 .05 .06 .08 .08 .08
07 .04 .04 .04 .06 .07 .07 .07 .07 .07
08 .04 .04 : 04 .04 .05 .05 .07 .06 .07
09 .04 .04 .04 .06 .06 .06 .08 .08 .08
10 .04 .04 .04 .06 .06 .06 .07 .07 .07
11 .06 .07 .07 .07 .08 .08 .08 .08 .08
12 .06 .06 .06 .08 .08 .08 .08 .08 .08
13 .06 .06 .06 .08 .08 .08 . .09 .09 .09
14 .06 .07 .07 .06 .06 .06 .07 .08 .08
15. .06 .06 .06 ,08 .08 . .08 .08 .08 .08
16 .06 .05 .06 . ,06 .06 .06 .07 .07 .07
17 .06 .06 .06 .08 .08 .08 .08 .09 .09
18 .07 . .06 .07 .06 .06 .06 .09 .07 .08
19 .06 .07 .07 .07 .08 .08 .08 .08 .08
20 .05 .05 .05 .07 .07 .07 .09 .08 .09
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Table 05. Angular Displacement (degrees) Values for Adi Subjects, 

Tests 1 and 2»

Sub j ect Beginning __ - Middle End
Number T1 T2 X T1 . T2 T1 T2 X

01 90 80 85 87 77 82 80 78 79
02 81 81 81 84 85 85 87 86 87
03 72 79 76 74 84 79 78 82 80
04 81 75 78 80 75 78 85 80 83
05 75 69 72 86 72 79 79 72 76
06 77 75 76 76 78 77 81 77 79
07 77 76 77 76 72 74 76 74 75
08 87 87 87 86 85 86 89 88 89
09 64 65 65 66 66 66 69 72 71
10 77 78 78 82 86 84 90 92 91
11 94 90 92 90 86 88 86 80 83
12 91 95 93 94 91 93 91 90 91
13 75 76 76 77 75 76 78 72 76
14 82 87 85 78 77 78 76 75 76
15 79 87 83 79 86 83 78 83 81
16 103 104 104 98 93 96 99 79 89
17 78 87 83 75 79 77 74 87 78
18 89 89 89 83 81 82 89 80 85
19 92 90 91 78 86 82 75 83 79
20 77 75 76 77 74 75 73 72 73
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