
Eur J Appl Physiol (1990) 60:222-227 

.u.o.... Applied Journal of 

Physiology 
and Occupational Physiology 
© Springer-Verlag 1990 

Factors in maximal power production and in exercise endurance 
relative to maximal power* 

J. F. Patton I, W. J. Kraemer 2, H. G. Knuttgen 2, and E. A. Harman I 

Exercise Physiology Division, U.S. Army Research Institute of Environmental Medicine, Natick, MA 01760-5007, USA 
2 Center for Sport Medicine, Pennsylvania State University, University Park, PA 16802, USA 

Accepted November 22, 1989 

Summary. The relationship of muscle fiber type and 
mass to maximal power production and the mainte- 
nance of power (endurance time to exhaustion) at 36%, 
55%, and 73% of maximal power was investigated in !8 
untrained but physically active men. Power output was 
determined at constant pedalling rate (60 rev-min -1) 
on a cycle ergometer instrumented with force transduc- 
ers and interfaced with a computer. Maximal power 
was determined for each subject as the highest one-rev- 
olution average power. Fat-free mass was determined 
by hydrostatic weighing, fat-free thigh volume by water 
displacement and skinfold measurement, and percent- 
age and area of type II fibers from biopsy specimens 
taken from the vastus lateralis. Maximal power aver- 
aged 771 ___ 149 W with a range of 527-1125 W. No sig- 
nificant correlations were found among percentage of 
type II fibers, relative area of type II fibers, or fat-free 
thigh volume and maximal power or endurance times 
to exhaustion at any percentage of maximal power. 
Weak but significant relationships were found for fat- 
free mass with both maximal power (r= 0.57) and endu- 
rance time at 73% of maximal power (r = - 0.47). These 
results show maximal power to be more dependent on 
factors related to body size than muscle-fiber character- 
istics. The low correlations for so many of the relation- 
ships, however, suggest that individuals employ either 
different combinations of these factors or utilize other 
strategies for the generation of high power. 
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Introduction 

One of the most important considerations in human ex- 
ercise performance is the ability to produce power. Re- 
search, however, has principally focused on the energy 
sources available for muscular contraction rather than 
upon the resulting mechanical power output. The abil- 
ity to determine maximal leg power has been limited by 
the unavailability of ergometers that could provide the 
resistances adequate to cover the higher exercise inten- 
sities of which humans are capable. 

Maximal power outputs have been calculated from 
measurements made during stair-climbing (Margaria et 
al. 1966) and constant-load cycle ergometry (Bar-Or 
1981), but these tests have been criticized because the 
velocity of muscular contractions was not controlled. 
The isokinetic dynamometer (e.g., Cybex) has been 
used extensively to measure maximal torque at various 
contraction velocities but has also been criticized due to 
limitations in the interpretability and utility of the data 
generated (Winter et al. 1981; Froese and Houston 
1985). More recently, the development of cycle ergome- 
ters fitted with transducers to measure pedal forces has 
allowed the accurate measurement of maximal leg power 
during constant-velocity, concentric exercise (Sargeant 
et al. 1981; Knuttgen et al. 1982; McCartney et al. 
1983b; Harman et al. 1987). 

Several studies have assessed factors considered im- 
portant in the ability of humans to produce maximal 
power, but all have utilized either stair-climbing (Komi 
et al. 1977), constant-load cycle ergometry (Froese and 
Houston 1987) or isokinetic dynamometry (Thorstens- 
son et al. 1976, 1977; Clarkson et al. 1982b; Froese and 
Houston 1985; Ryushi and Fukunaga 1986; Johansson 
et al. 1987) as the modes of exercise. Skeletal muscle 
mass and fiber composition are factors that have been 
found to be significantly correlated with maximal torque 
or power development (Thorstensson et al. 1976, 1977; 
Komi et al. 1977; Ryushi and Fukunaga 1986; Froese 
and Houston 1987; Johansson et al. 1987). However, 
such significant relationships have not always been ob- 
served (Clarkson et al. 1982b; Froese and Houston 
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1985). Fur the rmore ,  s ignif icant  correla t ions  have of ten 
been  f o u n d  w h e n  the subject  sample  consis ted solely of  
highly t r a ined  athletes (Komi  et al. 1977; Thors t ensson  
et al. 1977; J o h a n s s o n  et al. 1987). To date, no  studies 
are avai lable  assessing the con t r ibu t ion  of  such varia-  
bles to max ima l  power  du r ing  concentr ic ,  constant-ve-  
locity, cycl ing exercise in  no rma l ly  active, non-a th le t i c  
subjects.  

In  the presen t  s tudy,  a special ly cons t ruc ted  cycle 
ergometer  was employed  which permi t ted  the test ing of  
subjects over a full  range  of power  p r o d u c t i o n  at con-  
s tant  peda l - c r ank  velocities. The purposes  of  this inves- 
t iga t ion were:  (1) to evaluate  var iables  poss ib ly  related 
to the p r o d u c t i o n  of  max ima l  leg power ;  and  (2) to 
ident i fy  factors related to be m a i n t e n a n c e  of  power  at 
var ious percentages  of m a x i m u m .  

Methods 

Subjects. Eighteen men volunteered to participate in this study 
and provided signed informed consent after the experimental pro, 
cedures and possible risks had been explained. The men were oc- 
casionally to moderately active, as most took part in some form of 
regular physical exercise, but none were actively competing. They 
were thoroughly familiarized with all testing equipment and pro- 
cedures before taking part. On separate days during a 2-week pe- 
riod prior to the determination of maximal leg power, measure- 
ments were made of aerobic power, anaerobic power, and anthro- 
pometry. Muscle biopsy specimens were taken as described be- 
low. 

Cycle ergometer and power production. Torque and power gener- 
ated during constant-velocity cycling were determined using a 
specially constructed cycle ergometer (Knuttgen et al. 1982). The 
ergometer was instrumented with force transducers and interfaced 
with a computer for data collection and processing, as described 
previously (Harman et al. 1987). Maximal power was determined 
for each subject as the highest one-revolution average power gen- 
erated while pedalling with maximal effort for five revolutions on 
the cycle ergometer with the pedalling rate maintained at 
60 rev. min - ~. Three tests of five revolutions were performed with 
20 min rest between tests. The avarage of the two closest results 
was taken as maximal power. The subject was seated in a rigid 
metal armchair behind the crankshaft to provide back support. 
The distance from the chair to pedal crank was set for each sub- 
ject so that the knee would never quite fully extend. 

On separate days following maximal power determination, 
subjects were tested in random sequence for endurance times to 
exhaustion at 36%, 55%, and 73% of maximal power. Subjects 
were required to generate power at these levels while pedalling at 
60 rev. rain- ~. Both a panel meter in front of the subject indicat- 
ing speed and a metronome were used to maintain pedal cadence. 
The test ended when pedalling speed decreased to 58 rev-min -~ 
or less for 7 s. The 7 s were subtracted from the total time of exer- 
cise. The test, re-test reliabilities for endurance time to exhaustion 
(performed on ten subjects the week following the completion of 
all other testing) were 0.92, 0.95, and 0.96 at 36%, 55%, and 73% of 
maximal power, respectively. 

Muscle biopsy procedure. Muscle biopsies were performed as de- 
scribed by Bergstrom (1962) and modified by Evans et al. (1982). 
Specimens were taken from the lateral portion of the vastus later- 
alis at least 1 week prior to power testing. Care was taken to ap- 
proximate a comparable location in all subjects using a depth of 
20 ram. When repeat biopsies were performed, no significant var- 
iations in fiber-type distribution were observed. The samples were 
oriented, mounted on a freezing chuck in embedding medium, 

frozen in isopentane cooled in liquid Nz, and stored at - 120 ° C 
for subsequent analysis. Cross sections (12 l.tm) were cut on a 
cryostat (American Optical, Southbridge, MA, USA) maintained 
at - 2 0  ° C. Histochemical reactions were carried out for myofi- 
brillar adenosine triphosphatase (ATPase) activity at pH 4.3, 4.6, 
and 10.3 (Brooke and Kaiser 1970; Staron et al. 1983). Muscle 
fibers were divided into three groups (types I, IIA, and IIB) based 
on the stability of ATPase activity in the pre-incubation medium. 
Fiber type percentages were computed using a Zeiss Interactive 
Digital Analysis System (Z1DAS; Zeiss, Thornwood, NY, USA) 
which involved projection of cross sections onto a digitizing tablet 
interfaced with a computer. An average of 992 (range 389-1732) 
fibers per subject were counted to calculate percent fiber type. 

The cross-sectional areas of all intact type I and type II fibers 
were determined using nicotinamide adenine dinucteotide-tetra- 
zolium reductase stained sections (Novikoff et al. 1961) with the 
aid of a digitizing tablet and the ZIDAS system for computation. 
The mean area of type I and type II fibers was determined for 
each subject and the mean area occupied by type II fibers was 
calculated and expressed as the total area occupied by the type lI 
fibers (Tesch 1980). Capillary density (mm -z) and capillaries per 
fiber (cap-fib -1) were determined from amylase-periodic acid- 
Schiff stained fibers as previously described (Anderson 1975). 

Anthropometry. Height, body mass, body composition, and thigh 
volume were determined after an overnight fast. Fat-free mass 
(FFM) was determined by a standard hydrostatic weighing tech- 
nique using a load cell interfaced with a desktop computer (Fitz- 
gerald et al. 1987). Residual lung volume was determined by the 
oxygen dilution method as described by Wilmore et al. (1980). 
Right thigh volume from the gluteal furrow to just above the pa- 
tella was determined by water displacement (Jones and Pearson 
1969). To calculate fat-free thigh volume (FFTV), skinfold thick- 
ness was measured on the anterior and posterior thigh in the mid- 
line at the one-third subischial height level (Watson and O'Do- 
novan 1977). 

Aerobic and anaerobic power. Aerobic power (I2o . . . .  ) was deter- 
mined using a discontinuous protocol. Subjects initially pedalled 
at 235 W for 4-5 rain at 60 rev.min -~. Intensity was increased in 
30 W increments until a plateau occurred in oxygen uptake. Each 
exercise bout lasted 3-5 min and was followed by a 5- to 10-min 
rest period. The cycle ergometer and subject positioning were the 
same as that for determining maximal power. Expired gas was 
collected in a Douglas bag and analyzed for oxygen (Applied 
Electrochemistry S3-A) and carbon dioxide (Beckman LB-2). Vol- 
ume was measured by a chain-compensated gasometer. Heart rate 
was monitored via electrocardiography using a modified V5 
lead. 

Maximal power outputs from the Wingate test (Bar-Or 1981) 
and an isokinetic endurance test (Thorstensson et al. 1976) were 
also determined for all subjects. The Wingate test was performed 
on a mechanically braked cycle ergometer (Monark) modified so 
that resistance could be instantaneously applied to the flywheel. 
The subject pedalled maximally for 30 s against a resistance of 
0.735 N kg- 1. Mean power output was calculated for the first 5 s 
(peak power) and the entire 30-s period (mean power). For the 
isokinetic endurance test, the Cybex dynamometer was set at a 
velocity of 3.14 rad- s - ~ (180 ° d. s -  ~). Subjects performed 50 max- 
imal knee extensions during a 60-s period. Peak torque (N m) was 
averaged for the first 3 contractions to determine highest peak torque 
and for the entire 50 contractions to determine mean peak torque. 
Power output was computed as torque times the angular velocity 
in rad- s-~. 

Statistical analysis. For each variable, group data are presented as 
mean+standard deviation. Pearson product-moment correlation 
coefficients were calculated to assess the interrelationships be- 
tween the independent variables and both maximal power and en- 
durance time for submaximal power production at the three per- 
centages of maximal power. Multivariate regression analysis was 
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Table 1. Subject descriptive data (n = 18) 

Mean _ SD Range 

Age (years) 25.4 + 8.0 20 - 54 
lko . . . .  (ml.kg -1-min -1) 46.6 _ 6.2 32.9 - 59.2 
Maximal power (W) 771 +149 527 -1125 

Anthropometry 
Body mass (kg) 77.7 + 11.6 61.3 - 110.5 
% Body fat 15.8 _ 5.6 8.4 - 27.5 
Fat-free mass (kg) 65.1 ___ 7.8 52.5 - 82.0 
Fat-free thigh volume (1) 5.31 +_ 0.98 3.89- 7.90 

Muscle-fiber analysis 
%Type II 50.0 + 11 .3  26 .1 -  69.8 
% Type IIA 37.7 ___ 8.9 21.2 - 52.0 
% Type II area 52.1 _ 12.9 22.9 - 73.5 
Mean type II area (Ixm 2-100) 59.0 + 11.6 22.9 - 83.4 
Type II area/type I area 1.11+ 0.21 0.61- 1.36 
Capillary density (cap-mm -2) 296.1 _ 54.9 161.7 - 381.9 

Wingate test 
Peak power (W) 707 +133 510 - 961 
Mean power (W) 503 +__ 95 320 - 710 

Isoldnetic endurance test 
Highest peak power (W) 458 +102 313 - 757 
Mean peak power (W) 295 _+ 51 198 - 421 
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Fig. 1. Relationship between maximal power production and 
muscle-fiber characteristics. A r=0.16; P<0.52. B r=0.09; 
P<0.72 

also utilized to examine selected variable relationships. Statistical 
significance was set at the P<0 .05  level. 

Results 

Subjec t  desc r ip t ive  d a t a  (means  + SD)  are  p r e s e n t e d  in 
Tab le  1. M a x i m a l  p o w e r  r a n g e d  f rom 527 to 1125 W 
( m e a n  7 7 1 + 1 4 9 W ) ,  whi le  musc l e - f i be r  d i s t r i b u t i o n  
r a n g e d  f rom 26% to 70% t y p e  I I  in vas tus  la tera l is .  

R e l a t i o n s h i p s  o f  the  m o r p h o l o g i c a l  a n d  p h y s i o l o g i -  
cal  va r i ab le s  wi th  m a x i m a l  p o w e r  p r o d u c t i o n  are  
shown  in T a b l e  2. S ign i f i can t  co r r e l a t ions  ( P < 0 . 0 1 )  
were  o b s e r v e d  b e t w e e n  m a x i m a l  p o w e r  a n d  p o w e r  out -  

Table 2. Correlation Coefficients and P values between maximal 
power and various morphological and physiological variables 

Variable r P 

Wingate test 
Peak power 0.79 0.001 
Mean power 0.80 0.001 

Isokinetic endurance test 
Highest peak power 0.70 0.001 
Mean peak power 0.68 0.01 

Body mass 0.54 0.02 
%Body fat 0.09 0.71 
Fat-free mass 0.57 0.02 
Fat-free thigh volume 0.11 0.68 
% Type II fibers 0.16 0.52 
% Type IIA fibers 0.33 0.19 
% Type II area 0.09 0.72 
Type II area/type I area 0.16 0.54 
Capillary density - 0.35 0.15 
I2o . . . .  (ml 'kg-1 -min -1 ) -0 .40 0.10 

p u t  va lues  f r o m  the  W i n g a t e  test  ( r - -0 .79 -0 .80 )  a n d  
p e a k  p o w e r s  f rom the  i sok ine t i c  e n d u r a n c e  tes t  
(r = 0.68-0.70).  

M o r p h o l o g i c a l  va r i ab le s  y i e ld ing  the  h ighes t  pos i -  
t ive co r re l a t ions  wi th  m a x i m a l  p o w e r  were  b o d y  mass  
a n d  F F M  ( r =  0.54 a n d  0.57, respec t ive ly ,  P <  0.02). N o  
s ign i f ican t  r e l a t i onsh ip s  were  f o u n d  b e t w e e n  m a x i m a l  
p o w e r  a n d  F F r V ,  pe r c e n t  t ype  I I  or  I I A  f iber  c o m p o s i -  
t ion  a n d  p e r c e n t  t ype  I I  f iber  area.  M u l t i va r i a t e  regres-  
s ion  ana lys i s  d i d  no t  s ign i f i can t ly  i m p r o v e  any  o f  the  
b iva r i a t e  r e l a t i onsh ip s  b e t w e e n  m a x i m a l  p o w e r  a n d  the  
va r iab les  p r e s e n t e d  in Tab le  2. Al l  two- fac to r  c o m b i n a -  
t ions  o f  the  a b o v e  va r i ab l e s  were  p e r f o r m e d  and  signif-  
i can t  mu l t i va r i a t e  r ' s  were  f o u n d  for  b o d y  mass  a n d  
pe r c e n t  t ype  I I  f ibres  ( r = 0 . 5 5 )  a n d  F F M  a n d  p e r c e n t  
t ype  I I  f ibers  ( r - 0 . 5 9 ) .  C o m b i n i n g  F F T V  a n d  pe r cen t  
t ype  I I  f iber  c o m p o s i t i o n  y i e l d e d  a mul t iva r i a t e  r o f  
on ly  0.15. 

The  i n d i v i d u a l  d a t a  po in t s  for  m a x i m a l  p o w e r  a n d  
the m o r p h o l o g i c a l  va r i ab le s  a re  i l lus t ra ted  in Figs.  1 
a n d  2. I t  is a p p a r e n t  tha t  the re  was no  s ign i f i can t  re la-  
t i o n s h i p  b e t w e e n  e i ther  musc l e - f i be r  c o m p o s i t i o n  o r  fi- 
b e r  a rea  a n d  m a x i m a l  p o w e r  p r o d u c t i o n  (Fig.  1). Simi-  
lar ly ,  F F T V  s h o w e d  no  s ign i f i can t  r e l a t i o sh ip  to  max i -  
mal  p o w e r  (Fig.  2). 

The  m e a n  e n d u r a n c e  t imes  ( _  SD)  to e x h a u s t i o n  at  
36%, 55%, a n d  73% o f  m a x i m a l  p o w e r  were  
3.81 +__ 1.53 min ,  1.15 + 0.69 min ,  a n d  0 . 4 2 _  0.25 min ,  re- 
spect ively .  The  c o r r e s p o n d i n g  p o w e r  o u t p u t  va lues  
(means  ___ SD)  were :  280___54W, 423___85 W, a n d  
5 6 0 + 1 0 8  W. These  exerc ise  in tens i t ies  were  a p p r o x i -  
ma te ly  104%, 157%, and  207%, respec t ive ly ,  o f  t hose  
which  e l ic i ted  m a x i m a l  oxygen  up take .  Thus  m a x i m a l  
oxygen  u p t a k e  o c c u r r e d  at  a b o u t  35% o f  m a x i m a l  
p o w e r  ou tput .  
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Fig. 2. Relationship between maximal power production and an- 
thropometric  measures. A r=0 .57 ;  P<0.02.  B r=0 .11 ;  P<0 .68  

Table 3 presents correlation coefficients for endu- 
rance times at each percentage of  maximal power and 
the morphological variables. As seen, endurance times 
demonstrated only significant negative relationships 
with body mass, FFM and maximal oxygen uptake at 
55% and 73% maximal power. No significant correla- 
tions with any of  the variables occurred at 36% maxi- 
mal power. As in the case of  maximal power, multivar- 
iate regression analysis did not significantly improve 
any of  the bivariate relationships shown in Table 3. 

Discussion 

The maximal power developed (771 W) was strikingly 
similar to mean values r epor t ed  by Sargeant et al. 
(1981) and McCartney et al. (1983a) (approximately 750 
and 758 W at 60 rev. m i n -  1, respectively), who also em- 
ployed constant-velocity cycle ergometers. These au- 
thors, however, obtained the highest power outputs for 
one revolution cycling at between 110 and 
120rev-min -1. Despite such findings, a velocity of  
60 rev .min  -1 was chosen for the present study, since 
this is the frequency most often employed in cycle er- 
gometer tests. 

In agreement with the findings of  McCartney et al. 
(1983a), considerable intersubject differences were 
observed in the ability to generate power. Several stud- 
ies have suggested that these differences are related to 
such factors as the composition of  fibers in exercising 
muscle and the absolute mass of  the active muscula- 
ture. The results of  this study, however, show these fac- 
tors to be poorly related to maximal power in normally 
active men and thus support  the recent data of  Froese 
and Houston (1985) and others (Clarkson et al. 1982b; 
Schantz et al. 1983) who found no significant relation- 

Table 3. Correlation coefficients for endurance times at percent- 
ages of maximal power and morphological variables 

Variable 36% 55% 73% 

Body mass - 0.24 - 0.47* - 0.49* 
%Body fat - 0.05 - 0.21 - 0.22 
Fat-free mass - 0.25 - 0.44 - 0.47* 
Fat-free thigh volume 0.20 0.10 0.12 
% Type II fibers -0.19 -0.15 -0.07 
% Type IIA fibers - 0.44 - 0.44 - 0.39 
% Type II area -0.24 -0.16 -0.06 
Type II area/type I area -0.21 -0.09 -0.01 
Capillary density 0.29 0.40 0.42 
Vo2max (ml'kg -1 "min-l) 0.24 --0.51" --0.51" 

* P <  0.05 

ship between type II fibers and peak knee-extension 
torque. In contrast, a positive correlation has been re- 
ported between type II fiber composition of  the vastus 
lateralis and either peak torque during maximal isoki- 
netic knee extension (Thorstensson et al. 1976; Komi et 
al. 1977; Thorstensson et al. 1977; Ryushi and Fuku- 
naga 1986; Johansson et al. 1987) or power outputs 
from the Wingate test (Bar-Or et al. 1980; Froese and 
Houston 1987). Discrepancies in studies relating fiber 
type to maximal torque or power may be due to factors 
such as inconsistencies among studies employing the 
Cybex dynamometer  which fail to correct peak torque 
for impact artifact or gravity (Winter et al. 1981), limita- 
tions in fiber-type assessment from single biopsy sam- 
ples (Elder et al. 1982), and selection of  the subject 
populat ion to be measured. With regard to the latter, 
several studies (Komi et al. 1977; Thorstensson et al. 
1977; Johansson et al. 1987) have utilized various ath- 
letic groups, including power- and endurance-trained 
athletes, where the former generally have moderate to 
high percentages of  type II fibers and the latter high 
percentages of  type I fibers (Saltin et al. 1977). Thus a 
wide range of  values is obtained from subjects who 
comprise the extremes in athletic performance. While a 
fairly heterogeneous group was studied herein, particu- 
larly with respect to fiber type and body size, the sub- 
jects did not represent the extremes in athletic endea- 
vors which characterized the other studies. 

In addition to muscle-fiber composition, a number  
of  studies have found such indicators of  body size as 
body mass (Clarkson et al. 1982b; Nutter  and Thorland 
1987), FFM (Nutter and Thorland 1987) and leg mass 
measured anthropometrically (Nutter and Thorland 
1987) or by computed tomography (McCartney et al. 
1983a; Johansson et al. 1987) to be related to maximal 
torque development. With the exception of  the study by 
McCartney et al. (1983a), all used the Cybex isokinetic 
dynamometer.  The present results agree with the above 
regarding body mass and FFM but failed to show a sig- 
nificant relationship between FFTV and maximal po- 
wer production, as previously shown with peak torque 
(McCartney et al. 1983a; Johansson et al. 1987). Rea- 
sons for this inconsistency are not clear but may be re- 
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lated to involvement of  different muscle groups in the 
exercise, the type of  muscular contraction performed, 
or the method used to measure thigh volume. 

Despite the significant correlations of  body mass 
and FFM with peak torque and power, these variables 
account for less than 35% of  the shared variance, sug- 
gesting that anthropometric measures are relatively 
poor  predictors of  maximal torque or power. However, 
results from this study agree with others (Clarkson et al. 
1982a, b) that maximal power or torque are more de- 
pendent on characteristics of  body size than on fiber- 
type composition. 

The second major purpose of  this investigation was 
to identify factors important in submaximal exercise 
endurance (relative to maximal power). To our knowl- 
edge, no data are available on endurance times to ex- 
haustion at levels of  power production considerably 
higher than those which elicit maximal oxygen uptake. 
As in the case with maximal power, no muscle-fiber 
characteristic (percent fiber type, percent fiber area, ca- 
pillary density) showed any significant relationship to 
endurance time at any percentage of  maximal power. 
These results agree with those of  Litchfield et al. (1984), 
who reported no significant correlations between mus- 
cle-fiber composit ion and isometric endurance sus- 
tained to exhaustion at forces corresponding to 20%, 
50%, and 80% of maximal voluntary contraction in un- 
trained men. These findings suggest, therefore, that the 
assessment of  such characteristics in untrained men is 
not particularly useful for detecting those with high 
anaerobic potential. 

The significant correlations of  body mass and FFM 
with endurance times to exhaustion as they did with 
maximal power also suggest that the maintenance of  
high percentages o f  maximal power is more dependent 
on body size than muscle-fiber composition. The in- 
verse relationshi p further shows that larger subjects are 
less able to maintain power and thus fatigue faster, 
which agrees with the results of  Clarkson et al. (1982a), 
who found a negative relationship between body 
weight and fatigue. 

In summary, muscle-fiber characteristics and indi- 
cators of  body  size are poorly related to the production 
of  maximal power and the ability to maintain power at 
high percentages of  maximum in normally active men. 
Many complex factors, including biomechanical con- 
siderations, neuromuscular  elements controlling re- 
cruitment and firing of  motor  units, and motivation, in 
addition to the above, undoubtedly contribute to the 
development of  power. It is concluded, therefore, that 
individuals use either different combinations of  the fac- 
tors measured herein or employ other performance 
strategies to generate high levels of  power. 
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