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Figure 3.2 Training load (kg I session) and session rating of perceived exertion (units I 
session) over an 18·week period. 
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Figure 3.3 Fatigue rating (units I session) and muscle soreness (units I session) over an 
18·week period. 

Dry temperature during sleep varied between 14 and 22° C with a mean temperature of 18 ± 

3°C. Humidity ranged from 57 to 81 % with a mean humidity of 70 ± 8%. 
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Figure 5.1 Group data (n = 84) for (a) average distance (m) covered during the 5·m multiple 
shuttle test (MST) and (b) rating of perceived exertion (RPE) recorded during the MST over two 
test sessions. 
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Table 5.2 Mean heart rate (beats.min-1), (n = 84), for each stage and recovery period during the 
submaximal heart rate test conducted before and after 8 weeks. 

Test 1 Test 2 % Change 

Stage 1 152 ± 13 148 ± 12 * 3 

Recovery 1 104 ± 19 96 ± 21 * 8 

Stage 2 165 ± 1 160±12* • 3 

Recovery 2 119 ± 1 111 ± 20 * 7 

Stage 3 176 ± 1 171 ± 11 * 3 

Recovery 3 131 ±21 125 ± 19 * 5 

Stage 4 184 ± 11 180 ± 11 * 2 

Recovery 4 142 ± 19 135 ± 16 * 5 

Heart rate recovery % 23± 7 25 ± 7 2 

% of maximum 94±5 92± 5 2 
predicted heart rate 

* P < 0.0001 test 1 vs. test 2. 

Heart rate is expressed as Mean ± Standard Deviation. 

Mean heart rate during stage 4 of the submaximal heart rate test decreased from 184 ± 11 to 

180 ± 1'1 beats.min-1 between test 1 and test 2 respectively (Table 5.2). The increase in 

distance covered during the MST and the decrease in submaximal heart rate can be 

interpreted as representing an improvement in fitness. However, there is only a weak inverse 

relationship (r = - 0.2) between these variables (delta heart rate and distance covered during 

the stage and recovery periods of the MST) that was not significant (P = 0.2) (Figure 5.2 a,b). 

Figure 5.2 a (i,ii,iii,iv) depicts the relationship between the change in heart rate (beats.min-1) 

during the four stages of the submaximal heart rate test versus the change in distance 
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(meters) covered during the multiple shuttle test with Figure 5.2 b (i,ii ,iii,iv) showing a similar 

pattern during the four recovery phases. 
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Figure 5.2 a The relationship between changes in the delta heart rate (beats.min-1) during 
each of the stages of the submaximal heart rate test and distance covered (m) during the 
MST. 
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Figure 5.2 b The relationship between changes in the delta heart rate (beats.min-1) during 
each of the recovery phases of the submaximal heart rate test and the distance covered 
(m) during the MST. 
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Subjects were divided into 8 groups for pre and post testing. They were tested on different 

days, in different geographical locations, and with differing environmental conditions. 

153 

The mean temperature of all the groups for test 1 and test 2 was 20 ± 3 and 17 ± 3° C 

respectively (P < 0.01) . The mean humidity increased from 66 ± 9 to 77 ± 14 % (test 1 vs. test 

2) (P < 0.01) and windspeed decreased from 6 ± 3 to 5 ± 3 m.s-1 (test 1 vs. test 2). Figure 5.3 

further elucidates the environmental variables of the eight different groups. 

Figure 5.4 shows the relationship between the change in temperature (a,b), humidity (c,d) and 

windspeed (e,0 (test 1 vs. test 2) on heart rate (beats.min-1) during stage 4 and recovery 4 of 

the submaximal heart rate test. The temperature changes between test 1 and test 2 ranged 

from a decrease (- 9°C) to an increase (+ rC) (Figure 5.4 a,b). The average change in heart 

rate when the temperature decreased between test 1 and test 2 was - 4 ± 7 beats.min-1 during 

stage 4 and - 9 ± 13 beats .min-1 during recovery 4. When the temperature increased between 

test 1 and test 2, heart rate changed by 1 ± 5 beats .min-1 during stage 4 and by 1 ± 13 

beats.min-1 during recovery 4 (P = 0.5). 

The humidity changes between test 1 and test 2 ranged between - 30% to + 39% (Figure 5.4 

c,d). Heart rate changed by an average of - 2 ± 5 beats.min-1 during stage 4 and by -1 ± 13 

beats.min-1 during recovery 4 when the humidity decreased and by - 5 ± 6 beats.min-1 during 

stage 4 and by - 9 ± 11 beats.min-1 during recovery 4 when the humidity levels increased (P < 

0.5). 
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Figure 5.3 Average descriptive statistics of the environmental factors over two test 
sessions for all eight groups (n = 84). 

154 



Univ
ers

ity
 of

 C
ap

e T
ow

n

4 Recovery 4 

30 40 

'<t 
'<t 

en 20 
a: 

<II II> ... ... 
III 10 III 

a: a: 
1: 1: •• 
(II 0 ,. III ---1--.1-
111 

(I) : ;. 
:r:: :r:: ; t 0' 
ro ·10 J!! : :: 

~ 
. , iii 

·20 Q ·30 . 
·30 40 

·10 ·8 0 2 4 II 8 10 ·10·8·114·2 0 2 4 II 8 10 

Delta temperature Delta temperature 

4 4 

30 40 

(JIj '<t 
30 a: 

111 (I) 20 

~ 10 
.. 
rl 10 . . t 0 

. t . 
III - .. -----. !II 0 - -- ..t ___ 

T 
<II ~ :I: 

·10 
·10 

III 
» . <II : . 

~ :ai ·20 
. . : 

·20 0 ·30 

·30 ·40 
40 ·30 ·20 ·10 0 10 20 30 40 ·40 ·30 ·20 ·10 0 10 20 30 40 

Delta Delta 

Stage 4 Recovery 4 

40 

'<t Q1; 30 
en 20 !!) 20 
<Il 

""' 
11i 

11l ttl 10 0:: ... a: . 1: 
. 

1: .' 0 'J. • 

III 0 " .... -- m -r; ".---
II> " 

:r:: ·10 I . :. 
:r:: 

~ 
.. 

·10 • I ·20 
... : 

III ... . 
iii . Q ·30 
Q ·20 (f) 

·41l 
·30 ·8 ·6 -4 ·2 (J 2 4 Ii II 10 

·8 ·6 -4 ·2 0 2 4 II 8 10 
Delta Windspeed (m"s .1) 

Delta 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 1 

was 3 ± 6 

3 6 4 - ±1 

4 

an were 

n 

5 can 

is 

< 2 to 4, 1 was 

(1 

R+ 

5) 

as non'.loon 2 

in !"tV:""IT" was < 

2 

4 

± 15 

was < 



Univ
ers

ity
 of

 C
ap

e T
ow

n

(- 10 ± 4 4 5 + 

4 p (- 14 

on was 

4±3 2± 5m.s-

> 

2 5) at 9 17 

UV''-,Vh} were on 

was in nor-tnrm 

was 

to 

was ±7 

+ 

±3 ± 3 was 

). 

was not 2 0.1} ± 16 ± 



Univ
ers

ity
 of

 C
ap

e T
ow

n

+ 

were 

was 

4 6) 

6 

1 ± 4 

+ 

2±4 

over a of 8 

was 

to 

was t'llrto,rant 

at ~ 3 15 - 8 13 

(4 ± 15 14 

nas[)eea were rhtto.rant nerVl/een at 3 ± 6 

were > 

in 

in noNt'lrm (r ;:: as can seen 



Univ
ers

ity
 of

 C
ap

e T
ow

n

"'-'''''1v,",',' were into 

was 

same at 15 ± 

in in n£.lnnrHI":.l are 

(n::: was 

was eXD,ectl3d 

(18 4 

5 

at 7 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 

(1 

was 

seen in 

(1 

were 

a 

(1 

to 

as 

was a 

were on 

were 

1 2, 

as 

et al 

on 

was a 

to as 



Univ
ers

ity
 of

 C
ap

e T
ow

n

and not so 

MST. 

humidity 

in 

in a by 

on 

that it was in 

were then 

in our 

to 

are 

(1 the 
1 

consumption) more 

humidify 

mean 

as our were 

during the 

was 

field-



Univ
ers

ity
 of

 C
ap

e T
ow

n



Univ
ers

ity
 of

 C
ap

e T
ow

n

of 

in 

was 

it 

was to assess if 

in a 

were 

rate I 

of 

two racers' 

were 

races 

::.tinnchin can 

rate. 

a was 

to % OeI1NeE!n 

%of 



Univ
ers

ity
 of

 C
ap

e T
ow

n

to 

cover 

in 

on racers 

racers are a 

is a 

or 

are 

a 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 
on et 1 

to 

are as 

al an aver a 

in 

to 

± 

± 11 to (1 ± 11 

in races 

races are run at a 

to 



Univ
ers

ity
 of

 C
ap

e T
ow

n

can assume racers 

racers to over 

on a 

was to assess if in 

In 

assess 



Univ
ers

ity
 of

 C
ap

e T
ow

n

1 UCAU'v"''''' 

vU""IV,"'''' (n n 4 

I 

6, 

1 

was at 

was at 

a 

was 

races, 

was aSS I8SS!30 

at 

same 

to measure 

Qvera 

at 

in 



Univ
ers

ity
 of

 C
ap

e T
ow

n

18 

a 

a 

measure 

was 

were 

or 

to 

was 

4, 

a 

no 

to 

6 

was 

3 rd measure 

was 

in 

were 

were 

17 as were race 

on 

same 

was 

measures 

3 rd as a 

in 4, 1 

were 

soreness in in 

to 

on 



University of Cape Town

167 B 

Table 6.1 Weekly schedule of testing of adventure racers over a period of 18 weeks (n = 9). 

Weeks 1 2 3 4 5 7 8 9 10 11 12 13 14 15 16 18 

Dates 5/7 1217 19/7 26/7 218 16/8 23/8 30/8 619 13/9 20/9 27/9 4110 11/10 18/10 1111 

Body composition * * * * * * * 
Body mass * * * * * * * * * * * * * * * * * * 
Muscle soreness / Daily 
Fatigue 
Submaximal heart * * * * * * * * * * * * * * * * 
rate test 
20m Multi-Stage * * * * * * * 
shuttle test 
Muscle power / * * * * * * * 
Strength 
T raining log Daily 

* Tests conducted on these days. 
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Fatigue rating showed a similar pattern for both races, with fatigue increasing during the 

race as measured at the transition points, reaching a high post race. Ratings varied from 2 

units pre-race to 7 at transition and 6 units post race. 

An attempt was made to record sleep time for race 1 only, but because the researcher could 

not accompany the racers due to the terrain and the inaccurate and incomplete data provided 

by the racers themselves, this data was not used. 

The percentage time spent within the different heart rate ranges during both races is illustrated 

in Figure 6.4. As can be seen, the majority of time was spent in the lower to middle heart rate 

ranges of 80 to 130 beats.min-l, with less time spent in the ranges 140 to 180 beats.min-1 

during both races. 

22 
20 _Race 1 

c 
18 .- tJ) 

5(1) 
16 .- C') 

3:c 
14 ..-CO 

cl.. 
12 (1)<1) 

0."- 10 tJ)~ 

c::::J Race 2 

T 
-

(1)..- 8 
E~ 

:;::;(1) 
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o.s:::. 4 
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0 n *fl 
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Heart rate ranges 

Figure 6.4 Percentage time during both races 1 and 2 spent within different heart rate 
ranges (Race 1: n = 4) (Race 2: n = 5). Data are expressed as Mean ± Standard deviation. 



Univ
ers

ity
 of

 C
ap

e T
ow

n

180 
The average heart rate for all 4 subjects who completed race 1 was 114 beats.min-1, 

ranging between an average heart rate of 95 to 140 beats.min-1. During race 2 the average 

heart rate was 119 beats.min-1 (n = 5), ranging between 112 and 128 beats.min-1. Compared to 

this the average heart rate over 18 weeks during stage 4 of the submaximal heart rate test was 

182 beats.min-1 and 116 beats.min-1 during recovery 4. 

Training heart rates 

Two male subjects recorded their average and maximal heart rates during all training sessions 

for a period of 5 weeks. 

Subject 1 trained at an average heart rate of 152 beats.min-1 (range 130 to 168 beats.min-1) 

and at an average maximal heart rate of 176 beats.min-1 (range 163 to 190 beats.min-1). This 

corresponded to 77 and 89 % of predicted maximum heart rate (HRmax) respectively. 

During race 1 the subjects' average heart rate was 108 beats.min-1 (55 % of HRmax), with only 

3.5 % of time spent within the heart rate ranges of 150 -160 beats.min-1 and 0.2 % of time 

spent within the heart rate ranges of 170 = 180 beats.min-1. During race 2 the subjects' 

average heart rate was 128 beats.min-1 (65 % of HRmax), with 12.8 % of the time spent within 

the heart rate ranges of 150 - 160 beats.min-1 and 1.3 % of time spent within the 170 - 180 

beats.min-1 range. 

Subject 2 trained at an average heart rate of 143 beats.min-1 (range 115 - 167 beats.min-1) (76 

% of HRmax) and an average maximal heart rate of 173 beats.min-1 (range 151 -187 

beats.min-1) (92 % of HRmax). 
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- 2.0 kg. Body fat percentage did not change (0.1 ± 0.8 %). The range in body fat changes 

was from + 2.0 % to - 1.4 %. 

The number of individual shuttles completed during the 20-meter Multi-Stage shuttle test 

increased progressively between tests each week, indicating an increased level of endurance 

fitness (Figure 7.1). The total number of shuttles completed increased significantly from an 

average of 77 ± 20 to 84 ± 18 shuttles between weeks 1 and 4 (P < 0.05) (Table 7.1). On an 

individual basis, fifteen subjects improved (week 1 vs. week 4), with the number of shuttles 

completed ranging from 2 to 50 shuttles. One subject had no change while five subjects 

completed fewer shuttles with a range of - 3 to - 14 shuttles. 

co 
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Figure 7.1 Number of individual shuttles run during the 20·m Multi·Stage shuttle run for 
weeks 1 to 4 (n = 21). 
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Performance as measured by the 10 and 20- meter sprint times, was similar between 

weeks 1 to 4, at 2 ± 0 and 2 ± 0 seconds-1 (Delta 0 ± 0 seconds-1) and 3 ± 0 and 3 ± 0 

seconds-1 (Delta 3 ± 0 seconds-1) respectively (Table 7.1) . 

Muscle power as determined by the vertical squat jump did not change (1326 ± 306 watts 

vs.1362 ± 258 watts) (Delta 48 ± 87 watts) (P = 0.2) (Table 7.1). 

Serum Creatine Kinase (CK) activity was significantly higher at week 2 (196 ± 178 U.L-1) 

compared to week 1 (113 ± 143 U.L-1) (P = 0.009). The CK activity decreased in week 3 (126 ± 

118 U.L-1) compared to week 2 (P < 0.05). There was no significant difference between weeks 

1 and 4 (P = 0.7) (Table 7.1). 

Table 7.1 Description of performance parameter changes between week 1 and week 4 (n 
= 21). 

Week 1 Week 4 

20-m Multi-Stage test (shuttles) 77 ± 20 84 ± 18 * 

10-m Sprint (seconds) 2±0 2±0 

20-m Sprint (seconds) 3±O 3±0 

Muscle power (watts) 1326 ± 306 1362 ± 258 

Creatine Kinase (U.L-1) 113 ± 143 132 ± 132 

* Significant at P < 0.05. 

Data are expressed as Mean ± Standard Deviation. 
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As was expected, fatigue levels increased from an average of 3 ± 2 units during week 2 to 4 

± 1 units during week four (P < 0.005). Eight subjects had an increased delta fatigue rating of 3 

units. The subjects with an increased perception of fatigue increased their average shuttle 

count in the 20-m Multi-Stage shuttle test by 2 ± 8 shuttles while their average heart rate during 

stage 4 decreased by 10 ± 11 beats.min-1 and during recovery 4 by 17 ± 18 beats .min-1 . Five 

subjects whose delta fatigue rating decreased by -1 unit, showed increases in their shuttle 

count of 6 ± 6 shuttles, while their mean heart rate decreased during stage 4 by 7 ± 5 

beats.min-1 and during recovery 4 by 12 ± 10 beats.min-1 (Table 7.2) 

Muscle soreness levels decreased from 19 ± 33 units during week 2 to 14 ± 15 units during 

week 4. The change was not significant (P = 0.5) (Table 7.2). The higher values for the muscle 

soreness ratings compared to all the other studies are due to the fact that we experimented 

with a more detailed assessment chart that incorporated separate charts for the anterior and 

posterior views of the body (Appendix D) . 

Table 7.2 Fatigue and Muscle Soreness ratings for weeks 2, 3 and 4 (n = 21). 

Fatigue (units) 

Muscle soreness (units) 

Week 1 

# 

# 

* P < 0.005 between week 2 and week 4. 

Week 2 

3±2 

19 ± 33 

Week 3 

4±2 

15 ± 22 

Week 4 

4 ± 1 * 

14 ± 15 

# Data for fatigue and muscle soreness for the baseline testing during week 1 were not 

recorded due to unforeseen circumstances. 
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The heart rate recovery percentage increased significantly from 23 ± 5 (95% CI 20 - 27) during 

week 1 to 28 ± 7 % (95% CI 24 - 32) for week 4 (P < 0.05) (Table 7.3 and Figure 7.2) . The 

percentage increase between weeks 1 and 4, which suggests an improvement in recovery, 

ranged from 5 to 99 %. The biggest decrease (deterioration) was - 28%. In total, 17 subjects 

had an improved heart rate recovery percentage of 6 ± 4 %, while four subjects had an 

average deterioration of 3 ± 3 %. 

40 
~ 0 

>-Q; 35 
> 
0 
~ 30 ... 
(I) -~ 25 -... m 20 
I 

15 
1 

* p < 0.05 Week 1 and 4 

* 

234 
Week 

Figure 7.2 Heart rate recovery percentage (%) for weeks 1 to 4 (n = 21). 
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Table 7.3 Mean heart rate (beats.min-1) for each stage and recovery period during the 
submaximal heart rate test conducted for four weeks. 

Week 1 Week 2 Week 3 Week 4 

Stage 1 146 ± 16 144 ± 17 149 ± 17 142 ± 14 

Recovery 1 97± 27 90 ± 21 99 ± 24 88 ± 19 

Stage 2 163 ± 15 159 ± 15 161 ± 17 152 ± 14 

Recovery 2 120 ± 18 109 ± 22 114 ± 24 99 ± 21 * 

Stage 3 179 ± 15 171 ± 17 174 ± 15 167 ± 15 * 

Recovery 3 141 ± 22 128 ± 22 133 ± 21 118 ± 20 •• 

Stage 4 192 ± 16 183 ± 14 # 185 ± 14 .. 180 ± 140 

Recovery 4 148 ± 18 138 ± 19 141 ± 17 130 ± 180 

Heart rate 23 ± 5 25 ± 6 24 ± 5 28 ± 7 * 
recovery (%) 

% of maximum 98 ± 6 93 ± 8 0 92 ± 11 .. 91 ± 7 t-:. 
predicted heart 
rate 

# P < 0.005 week 1 vs. week 2 

o P < 0.05 week 1 vs. week 2 

.. P < 0.05 week 1 vs. week 3 

* P < 0.05 week 1 vs. week 4 

• P < 0.05 week 3 vs. week 4 

• P = 0.0005 week 1 VS. week 4 

o P < 0.0005 week 1 VS. week 4 

t-:. P < 0.005 week 1 vs. week 4 

Data are expressed as the Mean ± Standard Deviation. 

199 

n 

8 

8 

9 

10 

10 

13 

14 

14 

13 

12 
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Table 7.3 and Figure 7.3 a,b shows the average heart rate (beats.min-1) for each of the four 

stages and recovery periods recorded during the submaximal heart rate test. As expected the 

average heart rate increased progressively during the four stages and recovery periods of each 

test as the workload increased. As fitness levels increased, the average heart rate decreased 

progressively from weeks 1 and 2 to week 4, At week 3, however, heart rate was slightly 

increased from week 2, but this was not significant (P = 0.8) . The heart rate decreased again to 

week 4. Average heart rate during stage 4 of the submaximal heart rate test decreased from 

192 ± 16 to 180 ± 14 beats,min-1 between weeks 1 and 4 (P < 0,0005), with the average heart 

rate during recovery 4 decreasing from 148 ± 18 to 130 ± 18 beats,min-1 (P < 0,0005) between 

weeks 1 and 4 respectively, 
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Figure 7,3 a, b Average heart rate (beats.min-1) for each of the Stages and Recovery 
periods recorded during the submaximal heart rate test. 

201 



Univ
ers

ity
 of

 C
ap

e T
ow

n

202 

Figure 7.4 a (i,ii,iii,iv) depicts the relationship between the change in heart rate during the four 

stages of the submaximal heart rate test versus the change in the number of shuttles run 

during the four weeks. Figure 7.4 b (i,ii,iii,iv) shows a similar pattern during the four recovery 

phases. 
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Figure 7.4 a The relationship between changes in the delta heart rate (beats.min-1) during 
Stages 1 to 4 of the submaximal heart rate test and the change in the number of shuttles 
completed during the 20·m Multi·Stage shuttle test. 
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Figure 9.1 Proposed scheme of possible scenarios of an athletes' heart rate recovery status during different stages of training. 
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Shuttle program for week 3 

1. Stepping 

2. Reverse leg raises 

3. Skipping 

4. Stepping 

5. Foot Changes 

6. Skipping 

7. Stepping 

8. Squats 

9. Stepping 

10. 10 x 20 metre shuttles 

11 . Accumulative 5 metre shuttles 

12. 10 x 20 metre shuttles 

13. Accumulative 5 metre shuttles 

14. 10 x 20 metre shuttles 

15. Accumulative 5 metre shuttles 

16. 10 x 20 metre shuttles 

17. Accumulative 5 metre shuttles 

18. 10 x 20 metre shuttles 

?Rf) 
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APPENDIX E MUSCLE SORENESS RATING - ANTERIOR VIEW 

?R7 
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APPENDIX E MUSCLE SORENESS RATING - POSTERIOR VIEW 




