
ABSTRACT 

MADLENA, T . . A .  Relationship between ~erceived exertion and 
repetitions ~erformed to exhaustion at selected ~ercentaaes 
of one-re~etition maxdmum in amarently healthv adults. MS 
in Adult FitnessICardiac Rehabilitation, December 1995, 
46pp. (J. Porcari) 

The purpose of this study was to determine the average 
number of repetitions that could be performed at 40, 50, 60, 
and 70% of 1-repetition maximum (1 RM), and to assess rating 
of perceived exertion (RPE) values associated with each 
percentage. Ten men (% age = 48) and 10 women (% age = 49) 
volunteered for the study. Absolute strength was assessed 
for each exercise via 1 RM testing, while relative muscular 
endurance testing consisted of performing maximum 
repetitions at each percentage of 1 RM. In addition, RPE 
values were assessed after the 1 0 ~  repetition on each 
exercise, at each percentage. Results indicated there was a 
significant difference (p ( .05) in the number of 
repetitions performed on different exercises at similar 
percentages of 1 RM. RPE values were also significantly 
different (p .05) at similar percentages across all lifts. 
Men and women responded very similar to all lifting 
conditions. Men performed significantly (p 5 .05) more 
repetitions on the pulldown compared to all other exercises 
at 40 and 50%, while women performed more repetitions on the 
pulldown at all percentages. Both genders performed more 
repetitions on the chest press than on the arm curl and leg 
extension, while no differences were noted between the 
average number of repetitions performed on the arm curl and 
leg extension at any percentage. RPE values were 
significantly different across all percentages for each 
lift, Values were lowest for the pulldown exercise at all 
percentages, and were highest for the arm curl and leg 
extension exercises. These findings suggest that the 
average number of repetitions and RPE values vary for each 
exercise at any given percentage of 1 RM. Therefore, 
exercise performance should not be assumed to be equal among 
different lifts, suggesting resistance exercise prescription 
be individually tailored. 
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Introduction 

Many adults are interested in ways to improve their 

physical condition. A certain percentage of adults who 

begin an exercise program may want to improve their physical 

fitness, but a greater majority are probably exercising for 

health-related benefits and disease prevention. In its 

position statement, the American College of Sports Medicine 

(ACSM) (1) has recognized the fact that moderately intense 

exercise may prevent certain dirieases, including 

cardiovascular disease, and in, 1990 the American Heart 

Association (10) added physical inactivity as a primary risk 

factor for the development of coronary artery disease (CAD). 

Although aerobic training was once the cornerstone for all 

adult fitness exercise prescriptions, resistance training is 

now recognized as an essential component of a well-rounded 

program that incorporates all major muscle groups of the 

body (1) . 
Several authors have suggested that muscular strength 

tends to decrease with age (12, 21, 25, 32). It appears 

that a decreased muscle mass plays the most significant role 

(12). This may be due to a decrease in activity level as 

one ages, resulting in muscle atrophy due to disuse. 

several studies have found that strength training can 

1 
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increase muscular strength in middle-aged and elderly 

adults, thus offsetting the decline in strength and muscle 

mass (5, 7, 11, 28) . 
There are a number of theories in the literature that 

suggest favorable levels of sets, repetitions, and weight 

loads to receive optimal training responses. It is 

generally accepted that low-resistance, high-repetition 

training will improve muscular endurance, with small 

increases in absolute strength (9, 17), while high- 

resistance, low-repetition training seams to be most 

effective for developing maximal strength levels. Other 

authors suggest that greater muscle endurance is the 

predominate effect of both strength (high-resistance, low- 

repetition) and endurance (low-resistance, high-repetition) 

training (30). To elicit a strength and endurance 

combination, ACSM (1) suggests performing 8-12 repetitions 

to near fatigue. 

The universal thought is that fewer than 10 repetitions 

be performed to elicit maximum strength gains (2, 3, 26). 

~ssuming this theory is correct, several investigators have 

attempted to establish guidelines indicating the percentage 

of 1 RM where exactly 10 repetitions can be performed (14, 

15, 19). By establishing guidelines indicating the number 

of repetitions that can be performed at different 

percentages of 1 BM, it becomes possible to estimate 1 RM 

values. This would eliminate the need for actual 1 RM 



3 

testing, which can be very time consuming, and may be 

dangerous, .especially in elderly and cardiac populations 

(27). However, research in this area has found that the 

number of repetitions performed at different percentages of 

1 RM varies with each type of lift (14, 15) . There is 

evidence that this variability also exists between genders 

(23) and age groups (12, 20). Therefore, guidelines would 

need to be developed across all exercises, age groups, and 

gender. 

Another form of prescribing exercise intensity is by 

using a subjective rating of perceived exertion (RPE). 

~ e r c e i ~ ~ ~  exertion is a subjective rating of intensity, 

which was originally designed around heart rate and VO, 

values. However, heart rate response to resistance training 

corresponds very poorly with oxygen uptake (a) ,  and to this 

author's knowledge, no studies have assessed RPE during 

weight training. Due to the lack of data regarding the 

relationship between 1 RM, RPE, and repetitions performed to 

exhaustion at different percentages of 1 RM in middle-aged 

apparently healthy adults, this study waa initiated. 

The purpose of this study was twofold: 1) to determine 

the number of repetitions that could be performed at 40, 50, 

60, and 70% of 1 RM for four different exercises, and 2) to 

determine the RPE value after 10 repetitions at each 

percentage of 1 BM, so that more accurate guidelines can be 

developed for strength training in middle-aged adults. 



Methods 

Subjects ' 

Ten men and 10 women over the age of 35 participated in 

this study. Subjects were required to have engaged in a a 

weight training program for a minimum of 3 months prior to 

the study. Subject characteristics are presented in Table 

1. Authorization was given by the Institutional Review 

Board at the University of Wisconsin-La Crosse to perform 

the study. Participants received both verbal and written 

explanations of the procedures and potential risks 

associated with this investigation. Written informed 

consent (see Appendix A )  was obtained from each subject 

prior to participation. 

TABLE 1 

physical Characteristics of the Subjects (mean SD) 

Group Age (Yrs) wt (Kg) Ht (cm) 

Men 48 + 9.4 85.5 + 12.9' 178.1 + 12.9' 
Women 49 + 8.7 67.3 + 10.6 167.6 + 7.6 

'significantly different (~1.05) from women. 

Procedures 

Subjects were tested on four basic exercises: vertical 

chest press, double arm curl, leg extension, and pulldown. 

Each suhject was tested over 5 sessions, with individual 
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sessions being separated by a minimum of 2 days, and a 

/ maxim?~n of 5 days. Maximum strength (1 RM) values were 

/ assessed on day one, and rela,P.ive endurance at 40, 50, 60, 

and 70% of 1 It34 %a2 assessed during the four subsequent Z 
sessions. A l l  tssting was performed on Owatonna Equipment 

Incorporated (OEI) (Medford, Mi$) exercise equipment. 

I 1 RM Testing 

S 
B Prior to testing, the subject performed several warm-up 

sets using a light weight. The initial test weight was 

chosen subjectively, based on previous training history, and 

one repetition was attempted. If the attempt was 

successful, additional weight was added in 5-20 lb 

increments. This procedure was repeated until the subject 

could not successfully lift the weight. The 1 RM value was 

recorded as the greatest amount of weight lifted 

successfully. Values were typically obtained after 3-5 

attempts. 

Relative Endurance Testing 

Subjects were required to perform repetitions to 

failure at 40, 50, 60, and 70% of 1 iTM at each of the four 

exercises. During each session, subjects performed only one 

set on each exercise, with a 5-minute rest period between 

sets. 

A f t e r  a brief warm-up using light weight, the s:~bject 

performed as many correct repetitions as possible. A  

subjective rating of perceived exertion (RPE) was assessed 

after the 10" repetition. 
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Vertical Chest Press 

Seat positioning was such that the hand grips lined up 

with the middle of the pectoralis muscle, or just below the 

axillary line. Subjects were required to bring the weight 

load back to the chest (see Figure l), and return to full 

arms1 extension (see Figure 2) for each repetition. In 

addition, participants were required to keep their back flat 

against the seat and feet flat on the floor. 

Figure 1. Beginning position for the vertical chest 
press exercise. 



Figure 2. Ending position for the vertical chest 
press exercise. 

Double Arm Curl 

This type of exercise allows complete isolation of the 

biceps muscle, and reduces the possibilities of tlcheating". 

subjects began by adjusting the seat so that the arm pad was 

at axillary level, with arms resting out in front at a 45 

degree angle to the torso. Each repetiti.cn started with the 

arms in a fully extended position (see Figure 3), and 

finished with the arms in a fully flexed position (see 

Figure 4). Elbows were required to be in contact with the 

pad throughout the movement. No extraneous back movement or 

"swingingal was allowed. 



Figure 3. Beginning position for the double arm curl 
exercise. 

Figure 4. Ending position for the double arm curl 
exercise. 
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Leg Extension 

Subjects were positioned so that the knees rested just 

over the edge of the seat, with the foot pad placed at the 

top of the ankle. Before testing, the subject was required 

to perform a full extension of the weight so that a groper 

mark could be made on the machine. This was to help 

eliminate subjective determination of full extension during 

the testing, Each repetition began with the knees at an 

angle of 90 degrees (see Figure 5), and was completed by 

fully extending the knees (see Figure 6) past the previously 

made mark. Movements were performed in a controlled manner, 

keeping the back flat against the seat, and hands on the 

grips. 

Figure 5. ~eginning position for the leg extension 
exercise. 



Figure 6. Ending position for the leg extension 
exercise. 

Pulldown 

A standard pulldown bar was used for this portion of 

the study, so that hands were placed at the bend in the bar, 

or slightly wider than shoulder width apart. Each movement 

began with the elbows fully extended (see Figure 7) and 

ended as the subject touched the bar to the base of the neck 

(see Figure 8). Subjects were required to keep the torso 

erect throughout the movement to eliminate swinging on the 

way down. 

Statistical Analysis 

standard descriptive statistics were used to describe 

subject data for each lifting condition. Differences 

between each lifting condition were assessed using a 2-way 

ANOVA, and Tukeyls post hoc analyses were used to determine 

pair-wise differences when appropriate. The p .05 level 

of significance was used to reject the null hypothesis. 



Figure 7. Beginning position for the pulldown exercise. 

Figure 8. Ending position for the pulldown exercise. 
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Results 

The.mean 1 RN values for men and women are reported in 

Table 2. Men were significantly (p < .05) stronger than 
women in all four exercises. The greatest amount of weight 

lifted by both sexes was found on the leg extension, while 

the lowest 1 RM values were found on the arm curl exercise. 

Table 2 

One-Repetition Maximum (1 RM) Values (kg) 

Chest Leg 
Arm Curl Pulldown Press Extension 

Men 42 + 11.0' 83 + 14,4' 91 + 26.3' 110 + 18.0' 
Women 18 + 3.9 45 + 5.9 36 + 5.9 62 & 15.0 

'significantly different (p 5 .05) from women. 

The results of the analysis (ANOVA) of 1 RM and the 

average number of repetitions performed by men and women at 

the selected percentage of 1 RM are presented in Tables 3-6. 

Overall, men and women responded very similarly on the 

relative endurance testing. HoZdever, women did perform 

significantly (p 5 .05) more repetitions than men on the 

pulldown exercise at 50 and 60% of 1 RM. 

Men performed significantly (p ( .05) more repetitions 

on the pulldown than any other exercises at 40 and 50% of 1 

RM, while women performed more repetitions an the pulldown 

at all percentages. For men, the average number of 
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Table 3 

Absolute Weight Load, Number of Repetitions Performed, and 

perceived Exertion (RPE) at 40% of 1 RM (mean f SD) 
- 

weight (kg) Repetitions RPE 

Leg Ext 

Women 25 + 5.9 29.7 f 1.~'~ 1.2.8 f 1 .3 '~  

Arm Curl 

Men 17 + 4.4 '  29 .7  + 5.7" 11 .8  + 1.1" 

Women 7 + 1.. 5 29 .9  & 8.2nb 12 .4  + 0.8' 

Chest Press 

Men 36 + 10.5 '  49.3  + 1 0 . 3 " ~  10 .7  + 1.0" 

Women 15  + 2 . 4  49.6 t. 1 ~ . 7 " ~  11.1 + 1.5' 
Pulldown 

Men 33 + 5.8' 9 2 . 5  2 26.2"* 8 .8  + 1 . 3 ~  

Women 18  + 2 .4  100 .0  + 0 . 0 " ~  9 . 0  f: 1 . 2 ~  

'significantly different from women, p ( . 05 .  
"Significantly different from pulldown, p 5 . 05 .  
b~ignificantly different from chest press, p 5 .05.  
cSignificantly different from arm curl, p 5 . 05 .  
*significantly different f r ~ m  leg extension, p 5 . 0 5 .  
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Table 4 

Absolute weight Load, Number of Repetitions Performed, and 

Perceived Exertion (RPE) at 50% of 1 RM (mean + SD) 

Weight (kg) Repetitions RPE 

Leg Ext 

Men 55 + 9.0' 

Women 3 1 +  7.5 

Arm Curl 

Men 21 + 5.5' 

Women 9 + 1.9 

Chest Press 

Men 45 1 13.1' 

Women 18 + 3.0 

Pulldown 

Men 41 + 7.2' 

Women 23 + 2.9 

'significantly different from women, p 5 .05. 
"ignificantly different from pulldown, p ( -05. 
b~ignificantly different from chest press, p ( -05. 
"Significantly different from arm curl, p 5 .05. 
d~ignificantly different from leg extension, p ( .05. 



Table 5 

Absolute Weight Load, Number of Repetitions Performed, and 

Perceived Exertion (RPE) at 60% of 1 RM (means + SD) 

Weight (kg) ~epetitions RPE 

Leg Ext 

Men 66 2 10.8' 

Women 37 + 9.0 

Arm Curl 

Men 25 + 6.6" 

Women 1 1 +  2.3 

Chest Press 

Men 55 + 15.7' 
Women 21 2 3.5 

Pulldown 

Men 50 + 8.4' 

Women 27 + 3.5 

'significantly different from women, p L .05. 
"Significantly different from pulldown, p ( .05. 
b~ignificantly different from chest press, p 2 .05. 
"significantly different from arm curl, p ( .05. 
d~ignificantly different from leg extension, p 5 .05. 
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Table 6 

~bsolute Weight Load, Number of ~epetitions Performed , and 

perceived Exertion (RPE) at 70% of 1 RM (mean + SD) 

Weight (kg) Repetitions RPE 

Leg Ext 

Men 77 + 12.6'  1 3 . 2  + 1 . 9  1 6 . 3  + l.lab 

Women 44 + 1 0 . 5  12 .2  + 2.2" 1 6 . 7  + 1.3 '~  

Arm Curl 

Men 30  + 8.0'  1 2 . 7  & 2.3ab 1 7 . 6  + 1.9'~ 

Women 1 3  + 2 . 8  1 2 . 1  + '2.8' 1 7 . 4  + 1.3'~ 

Chest Press 

Men 64 + 18.5'  1 7 . 9  + 3.8' 1 5 . 1  4 1.5'~ 

Women 2 5 +  4.2 18.9  + 5 .0a  1 5 . 8  1 .4"~ 

Pul ldown 

Men 5 8  + 10.0 '  2 0 . 5  + 3.7' 1 4 . 9  + 1.3Cd 

Women 32 + 4 . 0  24.8  + 4.7bcd 1 3 . 8  + 1.5"~ 

*~ignificanlly different from women, p ( . 05 .  
"Significantly different from pulldown, p I: .05 .  
b~ignificantly different from chest press, p < . 05 .  
'Significantly different from arm curl, p 2 . 05 .  
d~ignificantly different from leg extension, p 5 . 0 5  

repetitions on the chest press was significantly (p 5 .05)  

greater than for the arm curl and leg extension exercises. 

For women the same was true at the 40 and 60% weight loads. 

No differences were noted between the number of repetitions 

performed on the arm curl and leg extension across all 

percentages, for both sexes. 
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A comparison of average RPE values among exercises at 

each selected percentage can also be seen in Tables 3-6. 

Values on the pulldown were significantly (p 5 .05) lower 

than all other exercises at 40, 50, and 70% for women, and 

at 40% for men. No differences were noted among values 

reported for leg extension and arm curl at any percentage of 

1 RM. 

Tables 7-10 provide results for the average number of 

repetitions and average RPE values reported for each 

exercise, at all percentages. For a11 lifts the average 

number of repetitions significantly (p 5 .05) decreased as 

the percentage of 1 RM increased. RPE values were also 

significantly different (p 5 .05) across all percentages for 

each lift, and were similar for both males and females. 
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Table 7 

Absolute Weight Load, Number of Repetitions, and Perceived 

Exertion (RPE) at Different Percentages of 1 RM for 

Pulldowns (mean + SD) 

Weight (kg) ~epetitions RPE 

4 0% 

Men 

Women 

50% 

Men 

women 

60% 

Men 

women 

70% 

Men 

women 
-- - 

"significantly different from women, p ( -05. 
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Table 8 

Absolute Weight Load, Number of Repetitions, and Perceived 

Exertion (RPE) at Different Percentages of 1 RM for 

Chest Press (mean i- SD) 

Weight (kg) Repetitions RPE 
-- 

4 0% 

Men 36 + 10.5' 49.3 + 10.3 10.7 + 1.1 
Women 15 + 2.4 49.6 + 12.7 11.1 + 1.5 

50% 

Men 45 + 13.1' 32b7 5 3.4 12.0 It: 1.3 

Women 18 rf: 3.0 34.7 + 9.7 12.5 + 0.7 
60% 

Men 55 + 15.7' 23.2 + 3.5 13.4 + 1.0 
Women 21 + 3.5 25.5 + 7.1 13.4 + 1.4 

70% 

Men 64 + 18.5' 17.9 + 3.8 15.1 + l.5 
Women 25 4 4.2 18.9 + 5.0 15.8 + 1.4 

'significantly different from women, p 5 .05. 
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Table 9 

~bsolute Weight Load, Number of Repetitions, and Perceived 

Exertion (RPE) at Different Percentages of 1 RM for 

Arm Curl (mean + SD) 
-- -- - 

Weight (kg) Repetitions RPE 

40% 

Men 17 2 4.4' 29.7 + 5.7 11.8 + 1.1 
women 7 + 1.5 29.9 2 8.2 12.4 + 0.8 

50% 

Men 21 + 5.5' 23;Q + 4.7 13.0 + 1.5 
Women 9 + 1.9 21.6 + 4.9 13.6 + 1.2 

60% 

Men 25 + 6.45' 17.7 + 2.9 14.3 + 1.9 
women 11 + 2.3 17.5 + 4.3 15.4 f. 2.0 

70% 

Men 30 + 8.0' 12.7 i: 2.3 17.6 + 2.0 
women 13 + 1.8 12.1 2 2.8 3.7.4 2 1.3 

'significantly different from women, p < .05. 
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Table 10 

Absolute Weight Load, Number of Repetitions, and Perceived 

Exertion (RPE) at Different Percentages of 1 RM for 

Leg Extension (mean + SD) 

Weight (kg) Repetitions RPE 

40% 

taen 44  + 7.2' 27.7 $. 7.4 11.6 + 1.5 
Women 25 + 5.9 29.7 + 2.6 12.8 + 1.3 

50% 

Men 55 + 9.0' 21.9 2 2.8 13.3 + 1.3 
Women 31 + 7.5 20.1 + 4.8 14.8 + 1.8 

60% 

Men 66 + 10.8' 18.7 + 2.5 14.1 + 1.5 
Women 37 c 9.0 15.6 + 3.8 14.3 + 2.0 

70% 

Men 77 + 12.6' 13.2 + 1.9 16.3 + 1.2 
Women 44 + 10.5 12.2 + 2.2 16.7 & 1.3 

'significantly different from women, p 5 .05. 

Discussion 

Men were significantly stronger than women on all four 

exercises, ranging from 43% stronger on the leg extension 

exercise to 61% on the chest press exercise. This is in 

agreement with previous'studies (16, 22) where researchers 

found that women are much closer to men in absolute strength 

in the lower body compared to the upper body. 
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The results of this research confirm the previous 

findings that suggest the number of repetitions performed at 

selected percentages of 1 RM by males and females are not 

the same for all lifts (14, 15). In the present study, men 

and women were able to perform the most repetitions on the 

lateral pulldown exercise at all percentages of 1 RM, while 

endurance testing on the arm curl and leg extension 

exercises produced the least number of repetitions. This 

becomes an important issue to address when prescribing 

resistance training programs based on percentages of 1 RM. 

Trainers/instructors must recognize that weight training 

participants, given a selected percentage of 1 RM, are able 

to perform more repetitions on certain exercises, and less 

on others. These results are also important when attempting 

ta predict 1 RM based on repetitions to exhaustion, as 

previous studies have attempted (18, 24, 29). These 

predictions, based on results from one exercise, should not 

be generalized to other exercises due to the inconsistency 

among different exercises. 

The number of repetitions men and women performed were 

similar for all exercises, across all percentages. However, 

women did perform significantly more repetitions on the 

pulldown exercise at 50 and 60% of 1 RM. Maughan et al. 

(23) found similar results when looking at relative 

endurance differences between males and females during arm 

flexion exercise. These results could be indicative of the 
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greater Type I fiber cross-sectional area seen in women. 

Another possible hypothesis may be what is termed the 

critical occluding tension level (13). Due to the higher 

average weight load used by males, a greater muscle mass was 

required to move the resistance. This greater muscle mass 

may tend to restrict blood flow more quickly, thus reducing 

oxidative metabalism. However, the results of Hoeger et al. 

(15) contradict this theory. Trained and untrained 

individuals in that study were compared on seven different 

exercises, and it was found that trained (stronger) men 

performed significantly more repetikons than their 

untrained counterparts on all but two exercises. 

When investigating muscular endurance, subjects in the 

present study performed an average of 3-10 more repetitions 

than the untrained subjects in a study by Hoegor et al. 

(15). The mean age of subjects in the present study was 48 

years, while in the study of Hoeger et al. (15) the mean age 

was 35. Several authors (12, 20) have suggested that 

relative muscular endurance tends to increase with age due 

to an increased proportion of lype I fibers (31). 

Similar to the number of repetitions performed, it was 

found that perceived exertion (RPE) values measured after 10 

repetitions varied significantly among different exercises 

at similar percentages of 1 RM. RPE values were generally 

lower on the pulldown compared to all other exercises, and 

tended to be higher on the arm curl and leg extension 
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exercises. This may be due to the pure isolation of the 

working muscle in the latter two exercises. When performing 

the chest press and pulldown, several muscle groups are 

involved, however, the leg extension and arm curl exercises 

totally isolate the working muscle group. Fatigue and pain 

tend to set in much quicker during these isolation 

exercises, therefore increasing perceived exertion ratings. 

When prescribing exercise intensity for middle-aged and 

elderly adults using perceived exertion, it is generally 

recommended that intensity correspond to 11-14 on Borgls 6- 

2 0  scale (4). This is thought to correspond to 

approximately 40-60% of 1 RM, or a weight which can be 

lifted for 8-12 repetitions (6). Based on results from this 

study, it seems that these general guidelines are not 

equivalent exercise prescriptions. Results from the current 

study found that the relationship between RPE, percentage of 

1 RPI, and number of repetitions performed varied among 

exercises. Due to this inconsistency, it is recommended 

that the weight load be self-selected if using RPE to 

prescribe exercise intensity during weight training. 

Although RPE values vary between exercises at selected 

percentages of 1 RM, perceived exertion may still be a 

valuable tool for prescribing exercise intensity. For 

example, when prescribing an intensity of 13 on the RPE 

scale, a person may automatically use approximately 50% of 1 

RM on the leg extension and arm curl, and 60% on the chest 
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press and pulldown exercises. However, it should be noted 

that most resistance exercises are based on 8-12 

repetitions. Even at 7 0 % ,  the average number of repetitions 

performed was above these numbers on all exercises, while 

average RPE values ranged from 14.9 on the pulldown to 17.6 

on the arm curl exercise. Based on these results, caution 

should be used when prescribing weight training intensity 

based on RPE until further research can be done in this 

area. 

Practical Aa~lications 

Based on the results of the present study, and in 

conjunction with results from similar studies (14, 15), it 

is apparent that relative endurance capacity varies from 

exercise to exercise. This becomes important for the 

strength training professional when basing exercise 

prescription on percentages of 1 RM in middle-aged 

individuals. RPE also tends to vary markedly among 

exercises, making that an inconsistent tool as well. Based 

on this evidence, resistance training programs should be 

devised around these variations among exercises and 

individual differences. 
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INFORMED CONSENT FORM 

Project Title: Relationship Between Perceived Exertion 
(RPE) and Repetitions Performed to Exhaustion at Selected 
Percentages of One-Repetition Maximum (1 RM) in Apparently 
Healthy Adults. 

principal Investigator: Troy A. Madlena 

I I , volunteer to participate in a 
study to determine my maximal strength (1 RN) and muscular 
endurance on 4 different machine resistance exercises. 
Those 4 exercises will be the vertical chest press, lateral 
pulldowns, bicep curl, and leg extension. 

The purpose of this study is to establish a 
relationship between maximal strength (1 RM), perceived 
exertion (RPE), and repetitions performed to exhaustion at 
40, 50, 60, and 70% of 1 RM in apparently healthy adults 
over 35 years of age. 

You will be involved in 2 different aspects of this 
test, with the total test spread oyer 5 days. Total time 
required for both phases will be approximately 2 1/2 hours, 
or 30 minutes each testing period. 

You will be asked to perform a maximal lift (1 RM) on 
each of the following exercises: vertical chest press, 
double biceps preacher curl, leg extension, and lateral 
pulldown. A 1 RM means you will be I1liftingw the maximum 
weight possible. This will require a maximal effort on your 
behalf, but will not exceed 2 seconds in duration. Up to 4 
trials for each exercise can be expected. 

The second phase will involve performing these same 
exercises to exhaustion (momentary muscle fatigue). This 
will be done by performing the movement for each exercise as 
many times as you can. After 10 repetitions have been 
performed, heart rate and perceived exertion will be 
assessed. If 10 repetitions are not able to be performed, 
heart rate and RPE will be assessed after the last 
repetition. Each day you will be assigned each exercise 
with a corresponding percentage (40, 50, 60, or 70) of your 
1 RM for that exercise. Only 1 set for each exercise will 
be administered each day. 

As with any exercise, there exists the possibility that 
adverse chanqes may occur during the test. These include 
dizziness, nausea, shortness of breath, and muscle and joint 
stiffness. On rare occasion it could result in death. 
Every effort to minimize these discomforts and risks will be 
made by the investigator. If abnormal situations should 
arise, the test will be. immediately terminated. 

All records and data collected will be kept completely 
confidential, and will not be identified by name in any 
written reports. 

By participating in this study, you should expand your 



knowledge about resistance training, and its effects on 
strength and overall body conditioning. 

I consider myself in good health, and do not have any 
limitations that would prevent me from performing 
requirements pertinent to the study. I have read the 
aforementioned, and completely understand what is expected 
from me. Any questions or concerns about the protocol have 
been answered to my satisfaction. I therefore, do hereby 
consent to, authorize and request the person named above to 
undertake and perform on me the proposed procedure. I have 
been fully advised of the nature of the procedure and the 
possible risks and complications involved in it, all of 
which risks and complications I hereby assume voluntarily. I 
hereby acknowledge that no representations, warranties, 
guarantees, or assurances of any kind pertaining to the 
procedure have been made to me by the University of 
Wisconsin-La Crosse, the officers, administration, 
employees, or by anyone acting on behalf of any of them. I 
understand that I may withdraw from the program at any time. 

Signed at t h i s d a y  of , 19-, in 
the presence of a witness whose signature appears below 
opposite my signature. 

,WITNESSED BY: 

Subject Signature Date signature Date 
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Introduction 

Throughout the past decade, resistance training has 

become n popular form sf exercise for recreational, 

preventive, and therapeutic purposes. Resistance training 

is used for improving strength, power, and endurance, 

increasing flexibility, enhancing self-image, and as a 

competitive outlet ( 7 ) .  Resistance training appears to be 

safe and effective for all populations, including 

prepubescent children (3) and cardiac patients (5, 8, 16). 

Regardless of the population, strength training can be a 

great adjunct to the typical aerobic exercise prescription. 

Quite obviously, an exercise program designed for an 

athlete will be different from that for the middle-aged 

adult fitness participant. An athlete's desire may be to 

build maximum strength and power, whereas the typical adult 

fitness participant may desire improved muscular endurance 

for fitness and health benefits. Weight training may be 

especially desirable for the middle-aged female, since 

research has shown that weight training and weight bearing 

activities may help prevent bone loss in later years (1, 

29). It becomes clear that exercise prescriptions need to 

be tailored to meet the goals and needs of specific 
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populaFions. Improper prescription of weight training 

programs may lead to muscle and joint soreness, 

musculoskeletal injury, and inability to meet specific 

goals. However, when done properly, strength training can 

he a positive component of a well-rounded exercise program. 

Strenath Traininq Benefits 

Muscular strength is thought to peak around the age of 

30, and decline thereafter (23). Much of this strength loss 

may be directly linked to a decreased muscle mass (20), 

resulting from a decreased activity level as one ages. 

Resistance training programs may be devised to meet a wide 

variety of needs for the middle-aged individual. One of 

these is to help prevent natural strength loss, which may 

lead to decreased functional mobility upon entering the 

later decades of life. 

Much research over the past few decades has been 

dedicated to tine trainability of older individuals compared 

to their younger counterparts. Although an increased muscle 

mass may not be the determining factor, there is evidence 

that middle-aged and elderly individuals can significantly 

improve their strength levels. Frontera, Meredith, 

OIReilly, Knuttgm, and Evans (9) reported a 116% increase 

in knee extensor strength, and a 226% increase in knee 

flexor strength In elderly men after 12 weeks of training. 

These same authors reported a significant increase in muscle 

fiber cross-sectional area, however, much of the increase in 
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strength was probably due to neural factors. When exercised 

at 65-75% of 1 RM, elderly women showed strength increases 

of up to 115% in knee flexor muscles (6). Brown, Mccartney, 

and Sale (4) reported a 17.4% increase in cross-sectional 

area, along with a 48% strength increase in trained biceps 

muscle of men between the ages of 60 and 70. In a similar 

study, Pyka, Lindenberger, Charette, and Marcus (25) 

exercised elderly men and women at 60-70% of 1 RM and found 

significant strength increases for each exercise. However, 

they found strei~gth gains to level off after week 8, with 

92% of strength gains taking place prior to week 8. This 

study emphasizes the need to continually monitor progress by 

reassessing absolute strength levels. As strength gains 

occur, the absolute weight load may need to be adjusted so 

that the individual continues to work at 60-70% of 1 RM. 

This will assure that the muscle is continually overloaded. 

Based on the forementioned studies, it is clear that 

strength training is a safe and effective exercise modality 

for middle-aged and elderly individuals. These studies 

reiterate the fact that natural strength loss due to aging 

can be minimized through regular exercise. However, before 

a proper strength training routine can be devised for this 

population, one must first understand the basics of muscle 

function, and the changes that take place during the aging 

process. 
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Muscle Fiber Distribution and Function 

Muscular strength is defined as the maximum force or 

tension generated by a muscle or group of muscles (23). 

Muscular endurance is defined as the ability of the muscle 

to perform repeated contractions until a state of fatigue is 

reached. The maximal amount of force a muscle is able to 

generate is directly related to the cross-sectional area of 

the muscle. This is the primary reason that men are 

stronger than women when expressed in absolute terms. 

Muscle performance is directly related to the fibril 

structures of the muscle belly, which is genetically 

determined to a certain extent. These fibers can generally 

be divided into two general categories: slow twitch muscle 

fibers (Type I) and fast twitch fibers (Type 11) (15). Type 

I motor units are predoxninantly recruited during low tension 

output or endurance type activities, while Type I1 fibers 

are generally recruited during activities that require high 

tension or power, and are mostly anaerobic in nature (31). 

During bouts of exercise that require contractions of 

increasing strength, these motor units are generally 

recruited, in order, according to their size (27). 

Therefore, the Type 11, or high output fibers will be the 

last to be 'recruited1. Increases in muscular strength 

generally require high force contractions, or 'overloadingf 

so that Type I1 fibers are maximally developed. Type I1 

fibers have more glycogen stores, but are generally depleted 
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quite quickly, while Type I fibers generally have a greater 

blood supply, thus greater oxidative capacity (2). For this 

reason, endurance athletes generally have a predominance of 

Type I fibers, in some instances up to 75% of the total 

muscle nass. 

To evaluate the effect of muscle fiber types on 

strength and endurance, Thorstensson et al. (31) studied the 

relationship between strength and muscle fiber type 

composition in sedentary and active males. Strength (leg 

extensions) was determined using an isokinetic dynamometer. 

Sprinters and jumpers had the largest Type I1 fiber area, 

while endurance trained athletes possessed mostly Type I 

fibers. Sprinters and jumpers also achieved significantly 

higher peak torque values than endurance trained and 

sedentary individuals, indicating that Type I1 fibers are 

important for high force production, at least at high 

velocities. However, these authors went on to suggest that 

training may effect 'explosive strength1 since high torque 

values were attained by a few athletes with a comparably low 

proportion of Type I1 fibers. In agreement with this study, 

Tesch (30) studied 64 young athletes to distinguish fiber 

type and muscle performance. Peak torque and muscle 

endurance were both positively correlated to fiber type. A 

significant correlation was found between muscle lactate 

accumulation after 25 repetitions and percentage of Type I1 

fibers. Based on these findings, it would seem that the 
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Type I fibers are best suited for prolonged activity, with 

reliance upon oxidative metabolism. 

Contrary to the previously mentioned studies, Schantz 

et al. (28) and Patton et al. (24) found no significant 

correlations between fiber type and function. Schantz et 

al. (28) looked at 21 physical education students and 5 male 

bodybuilders to assess this relationship. Results showed 

that maximum torque correlated to (muscle cross-sectional 

area) * (lever arm length). Maximum strength did not 

correlate to fiber type distribution. Patton et al. (24) 

studied the relationship between fiber type and cycle 

endurance time at 36, 55, and 73% of maximal power. No 

significant correlations were noted between percentage of 

Type I1 fibers and endurance times. It was concluded that 

other determinants including biomechanical factors, 

neuromuscular elements, and motivation largely contributed 

to performance. Although conflicting views are apparent 

when determining the role of fiber distribution on muscle 

function, there is evidence to suspect that a decrease in 

Type I1 muscle fiber area may play a large role in the 

strength loss with increasing age. 

Muscle Function and Aainq 

Muscular strength tends to decrease with age (10, 19, 

23, 32), however, muscular endurance relative to absolute 

strength may actually increase with age. A decreased muscle 

mass may explain the decline in absolute strength, which may 
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be strongly related to the loss of Type I1 fibers. 

Larsson and Karlsson (18) studied the relationship 

between fiber type distribution and musclular strength in 

five different age groups: 20-29, 30-39, 40-49, 50-59, and 

60-65 years of age. Maximum dynamic and isometric strength 

tended to decrease with increasing age, while endurance 

tended to increase with age. Strength and endurance both 

correlated strongly with fiber type distribution. Subjects 

ranging in age from 20-29 years old averaged 43% Type I 

fibers, while the 60-65 age group averaged 55% Type I 

fibers. These authors went on to suggest that Type I fibers 

may serve as a lactate recipient for lactic acid produced in 

the Type I1 fibers. Thus an increased proportion of Type I 

fibers may explain the increase in relative endurance 

capacity, which is in agreement with Tesch et al. (30). 

Frontera et al. (10) examined the muscle strength of 

men and women divided into three age groups: 45-54, 55-64, 

and 65-78 years of age. Muscle function was compared 

between the genders and age groups. The authors concluded 

that there is a significant strength decline with increasing 

age, corresponding to a reduced muscle mass. This study did 

not account for individual fiber distribution. Although 

absolute strength levels were lower for the higher age 

categories, strength differences due to age and gender 

disappeared when corrected for mean muscle mass. The 

important finding of this study was that reduced strength 
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levels in older individuals are not caused by altered muscle 

function, reiterating the fact that middle-aged and elderly 

individuals can benefit significantly from a strength 

training program. 

In an earlier study, Maughan et al. (21) observed the 

effects of gender on muscular endurance. A 1 RM was 

assessed for both sexes, and then subjects were asked to 

perform repetitions to exhaustion at 50, 60, 70, 80, and 90% 

of their corresponding 1 RM. There was no significant 

correlation between 1 RM and repetitions performed at any 

percentage. Women performed significantly more repetitions 

at 50, 60, and 70%, performing almost twice as many as the 

men at 50%. These authors concluded that women have 

superior muscular endurance, possibly due to a 

proportionately higher Type I muscle fiber cross-sectional 

area. Results may also have been influenced by the absolute 

weight load at each percentage. Men were stronger in each 

category, thus making the absolute weight load at each 

percentage greater. The higher weight load, requiring a 

greater muscle mass, may tend to restrict blood flow more 

quickly, thus decreasing oxidative metabolism (11). 

It is quite clear that muscle strength does indeed 

decline with increasing age, however, as the previous 

section suggests, discrepancies still exist when trying to 

explain the exact reason for this phenomenon. However, 

since this population responds to training in similar ways 
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to their younger counterparts, it becomes essential to 

devise standards for middle-aged fitness participants to 

follow. Several investigations in the past 10 years have 

examined the relationship between 1 RM and repetitions to 

exhaustion in individuals under the age of 35; however, few 

have looked at this relationship in more middle-aged to 

elderly individuals. The following section will review 

these studies closely related to the present study. 

A strong relationship has been reported between 

absolute muscular strength and relative muscular endurance 

(15). Recent evidence suggests that absolute muscular 

endurance can be used to predict maximal strength in 

college-aged students (14, 26). 

Invergo et al. (14) looked at the relationship 

between maximum bench press and pushups performed to 

exhaustion. A correlation coefficient of only r = .50 was 

established, which increased to r = .75 when body weight was 

taken into consideration. Rose and Ball (26) reported a 

correlation coefficient of r = .82 when studying the 

relationship between actual and predicted 1 RM in college- 

aged women. For this study a 1 RM was assessed, then 

absolute endurance was assessed via the YMCA bench press 

test. For this test, weight loads were set at either 15.9 

or 20.4 kg., and the subjects were then asked to perform the 

movement until muscle fatigue. 



It is not surprising that there exists a strong 

correlation exists between absolute endurance and muscular 

strength. Absolute endurance is measured by using set 

weight loads, not relative to each individual's 1 RM. For 

any given weight load, the resistance would represent a 

smaller fraction of the stronger individual's 1 RM. For 

this reason, stronger individuals would perform more 

repetitions, and thus possess greater absolute endurance. 

However, when the resistance is adjusted to represent a 

certain percentage of each individualls 1 RM, endurance 

capabilities become more equal. To examine endurance 

capabilities, results should be based on the subject's own 

absolute strength levels. 

Mayhew et al. (22) reported a correlation coefficient 

of r = .80 when using repetitions performed to exhaustion to 

predict maximum bench press strength in college-aged men and 

women. In this particular study, 1 RM was assessed, then a 

load between 55 and 95% of the corresponding 1 RM was 

randomly chosen. At this percentage the participant 

performed repetitions until muscle failure. Based on this 

study, the authors suggested that a participant should be 

able to perform approximately 16 repetitions at 70% of 1 RM, 

and 8 repetitions at 80%. Similarly, Lander (17) suggested 

that individuals should be able to perforal 10 repetitions at 

75% of 1 RM, 8 at 80%, and 4 at 90%. Hoeger et al. (12) 

looked at the number of repetitions that could be performed 
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at 40, 60, and 80% using 7 different resistance exercises. 

Results varied among exercises at each percentage, ranging 

from 80 repetitions on the leg press to an average of 18.6 

repetitions on the leg curl at 40% of 1 RM. Deviations 

among exercises were much smaller when percentages closer to 

1 RM were used. In a later study, Hoeger et al. (13) 

studied this same relationship using trained and untrained 

individuals. Once again, it was found that there was much 

variability among exercises for the number of repetitions 

that could be performed at each percentage of 1 RM. In 

addition, it was found that trained individuals could 

perform more repetitions at any given percentage of 1 RM 

than their untrained counterparts. 

Exercise Intensitv Based on Perceived ~xertion 

Another method of prescribing exercise intensity is by 

using perceived exertion (RPE). Perceived exertion has 

often been used for prescribing aerobic type exercise, but 

to this author's knowledge, no data exists involving RPE and 

resistance training. It is generally thought that an 11-14 

subjective reading on Boryfs scale should correspond to 10- 

12 repetitions, and 40-60% of 1 RM. However, caution must 

be used when attempting to use this scale, since there 

exists so much variability between the number of repetitions 

that can be performed on each exercise (13). 
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