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1 Abstract 

From the Bosco 60 s jump test, (Eur. J. Appl. 

Physiol., 50, p. 273, 1983) 5 variables are calculated: (1) 

power output (Watts/kg), (2) power output (W), (3) f light 

time per jump, (4) mat time per jump, and (5) percent flight 

time. The purpose of this study was to examine these 

variables when vertical jump tests were performed in four 

conditions: (Cl) Standard Bosco test, (C2) Standard Bosco 

test with 10% Added Body Mass, (C3) Rapid Jumping test, and 

(C4) Cadence Jumping test. For the Rapid Jumping test, 

subjects were instructed to obtain maximum flight time and 

minimum mat time. 

Variable 

Power (W/kg) 

Power (W) 

Tr/jump (s) 

T.jjump (s) 

Cl 

15.4 

1221 

0.41 

0.77 

34.9 

C2 

13.0 

1122 

0.37 

0.81 

31. 3 

C3 C4 

21. 0 14.6 

1637 1145 

0.42 0.38 

0.47 0.65 

48.6 37.0 

The Rapid Jumping condition resulted in the highest 

power output. Added mass was detrimental to performance. 

This study demonstrates the importance of controlling jumping 

rate and knee angle in the Bosco jump test. 



1 Resumé 

Cinq variables sont calculees à partir du test de 

Saut 60 s Bosco (Eur. J. Appl. Physiol., ~O, p. 273, 1983): 

( 1) puissance de rendement (watts/ kg), (2) puissance de 

rendement (W), (3) partee de saut, (4) tempo au tapis du 

saut, et (5) pariee du saut en pourcentage. Le but de cette 

etude était d'examiner ces variables sous quat ce conditions 

de performance des tests de saut vertical: (Cl) test Bosco 

Standard, (C2) test Bosco Standard avec Addition de 10% de 

Masse Corporelle, (C3) test de Saut Rapide, et (C4) tests de 

Saut en Cadence. Pour le test de Saut Rapide, les sujets ont 

reçu l'instruction de maintenir un maximum de partée de saut 

et un minimum de tempo dU tapis. 

Variable Cl C2 CJ C4 

Puissance (W/kg) 15.4 13.0 21.0 14.6 

Puissance (W) 1221 1122 1637 1145 

Parée du saut (s) 0.41 0.37 0.42 0.38 

Tempo au tapis de saut (s) 0.77 0.81 0.47 0.65 

Partée du saut en ( % ) 34.9 31.3 48.6 37.0 

La condition de Saut Rapide a eu pour résultat la 

puissance de rendement la plus élevée. L'addition de masse 

a été nuisible à la performance. Cette étude a démontré 

l'importance de contrôler la fréquence de saut et l'angle des 

genoux pendant le test de Saut Bosco. 
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Chapter I 

Introduction 

The evaluation of an athlete's physical potential 

through appropriate physiological testing provides the 

athlete, coach and trainer with information concerning the 

individual's relative physical strengths and weaknesses. 

Following this assessment, the development of the athlete can 

be enhanced with an appropriate training program resulting in 

an improved performance. Evaluation techniques should target 

the appropriate parameter. 

In spJrts and physical activities where repeated, 

short duration, high-intensity muscular output is essential 

for successful performance, the evaluation of anaerobic power 

and anaerobic capacity is particularly important. One test 

to evaluate human anaerobic power and capacity is a 

continuous vertical jump test (Bosco et al. 1983b). The 

Bosco et al. (1983h) jumping test offers a simple method for 

evaluating the anaerobic (mechanical) power output from the 

leg extensor muscles. Subjects jump continuously for a pre-

determined duration, typically 15 or 60 seconds. The 15 s 

test is considered to provide an estimation of anaerobic 

(mechanical) power while the 60 s test provides an indication 

of anaerobic capacity (Bosco et al., 1983b). In the 

subsequent discussions, this test will be referred to as the 

"Bosco test". 
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A number of researchers have used jumping tests to 

assess anaerobic power and capacity. Several studies where 

the Bosco test have been used for the estimation of anaerobic 

power are presented in the following examples. 

It has been shawn (Bosco et al., 1983a) that power 

output scores from the 15 s Bosco Jump test correlated weIl 

wi th ( r == 0.86, P < 0.05) the percentage of fast twi tctl 

muscle fiber obtained from the measurement of the vastus 

Iateraiis muscle. In the same study, the 60 s test 

demonstrated sensitivity in assessing fatigue among a group 

of subjects wi th a fast twi tch muscle fibre distribution 

ranging from 25 to 58 percent. The Bosco test was able ta 

differentiate among subjects with varying degrees of muscle 

fibre distribution. 

Kirkendall and street (1986) utilized the Bosco 

jumping test ta assess 119 male athletes as part of their 

pre-season physical fitness profile. The jumping test was 

aiso used on a group of soccer players at mid-season ta 

evaluate the effectiveness of their training program. since 

power output scores improved significantly betwcen the two 

cvaluations, the Bosco vertical jumping test demonstrated 

sensi ti vi ty to changes in power output resul ting from a 

training effect. 

In an investigation of the leg extension muscles, 

T 
Bosco et al. (1987) demonstrated the significance of muscle 

i pre-stretching on mechanical efficiency. The vertical jump 
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test was utilized to establish the differential contributions 

of a muscle pre-stretching on the mfdchanical efficiency of 

the leg extensor muscles. 

Viitasalo et al. (1987) used the Bosco et al. 

(1983b) vertical jumping test ta discriminate between 

physiological rnaturity levels of young athletes (8.8 to 17.1 

years of age) independent of their chronological age. The 

jumping test demonstrated that it could group subjects 

according to physiological age. 

Thus, the Bosco continuous jump test has been 

accepted by researchers as a test for estimation of human 

anaerobic power output in bath practical and experimenta1 

settings. 

1.1 Rationale for the study 

A vertical jump consists of two phases; a 

preparatory phase where force is applied downwards (mat 

time), and a flight phase (f1ight time) which is related to 

the vertical jump height. The preparatory phase consists of 

an eccentric component and a concentric component. The 

eccentric component during a vertical jump incorporates the 

landing, balancing and storage of potential energy by the 1eg 

extensor muscles. The concentric phase applies the 

generation of force from the chemo-mechanical conversion of 

energy and the uti lization of stored elastic energy to obtain 

push-off from the ~at. The f1ight phase (f1ight time) is a 

function of the power generated through the utilization of 
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biochemical energy and the re-use of stored elastic energy 

from within the muscle. 

Research publications using the Bosco test have 

reported muscle power output in Watts/kg. Power output 

scores are calculated from the Bosco jumping test using the 

formula: 

Power output (W/kg) = g2. T f _.!._l\ 
4n(T t - Tt) 

where (gZ) is the acceleration due to gravit y, 

(Tt) is flight time, 

(Tt.) is the duration of the test, 

and (n) is the number of jumps performed during the test. 

In their description of the test, Bosco et al. 

(1983b) do not make any reference ta other variables that 

might be calculated from this test. These variables include; 

1) flight time per jump (s), 2) percent flight time (%), 3) 

and mat time per jump (s). 

Personal communication wi th researchers who have 

used the Bosco jump test ta evaluate the muscle power output 

of athletes sugqests interpretation of the resul ts was a 

problem. An example will be used ta illustrate this point. 

Results for 10 athletes from the Canadidn national 

men' s water polo team are presented in Table 1. The subjects 

were ranked according ta their performance (Watts/kg) on the 

Bosco vertical jump test. The subjects in Table 1 represent 

the top fi ve scores (group J) and the bottom fi ve scores 
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(group II) from a team of 22 players. Comparisons of the 

group means indicate large differences in scores even within 

this relatively homogenous group. 

Table 1: Bosco Jurnp Test Results For 10 Water Polo Players. 

Rank 

l 
2 
3 
4 
5 

-X 

18 
19 
20 
21 
22 

-X 

Power 
Watts/kg 

53.2 
43.3 
41.0 
39.3 
38.0 

43.0 

20.5 
20.1 
19.8 
19.1 
17.8 

19.5 

Power 
Watts 

3830 
3520 
32BO 
3230 
2865 

3345 

1430 
1804 
1633 
1463 
1634 

1593 

Tf/jump 
Seconds 

.55 

.49 

.57 

.54 

.54 

.54 

.48 

.47 

.47 

.46 

.50 

.48 

%T f 

Percent 

70 
72 
66 
67 
65 

68 

43 
44 
42 
42 
37 

42 

When the groups were divided based on their mean power 

output score, group l a.veraged 43.0 Watts/kg and group II 

averaged 19.5 Watts/kg. The Mean score of group l was 120% 

higher than the score of group II. The range in scores for 

group l was 15.2 Watts/kg and only 2.7 Watts/kg for group II. 

Why is the difference between me ans so vast when the subjects 

were aIl from a single team? Why did the top ranked 

individual obtain a power output score that was three tirnes 

as high as the bottom ranked individual? An examination of 

the components of the equation may provide sorne answers. 
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When the subjects were ranked on the basis of f light time 

per jump, the difference between group l and group II was 

reduced to 13 percent. The mean percent flight time for the 

subjects in group l was 68% and for group II 42%. The 

difference between the rnean percent air time for group land 

group II is 62%. 

For the four variables, the differences between groups 

l and II were 120% for power output (Watts/kg), 110% for 

power output (Watts), 13% for flight time per jump, and 62% 

for percent flight time. A possible explanation for the 

discrepancies seen in this data might be differences in the 

strategy utilized by the subject. If a subject is focused on 

rnaximizing the height of each jump, then the subject rnay 

increase the mat time to the detriment of the power score 

(Watts/kg) calculation because mat time is inversely 

proportional ta power output in Bosco' s formula. In 

contrast, another subject may focus on getting off the mat as 

quickly as possible. This strategy may increase the power 

output score in the Bosco et al. (1983b) formula, but 

probably would reduce the flight time per jump score. 

The four treatment conditions used in this study are 

designed to control the strategy involved in each test. 

Therefore, an examination of the dependent variables 

associated with the measurement and calculations involved in 

the Bosco test can be investigated. 
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The purpose of this study is ta examine the variables, 

power output (Watts/kg), power output (Watts), flight 

time/jump, mat time per jump, and percent flight time when 

the Bosco vertical jump test is performed in four conditions: 

(1) Standard Bosco Jump test, (2) Standard Bosco Jump test 

with 10% Added Body Mass condition, (3) Rapid Jumping Test, 

(4) Cadence Jumping Test. 

1.2 Hypotheses: 

1. There are no significant differences in power output 

(Watts/kg) between the Standard Bosco Jump test and three 

experimental conditions during tests of 15 and 60 second 

durations. 

2. There are no significant differences in absolute power 

output (Watts) between the Standard Bosco Jump test and 

three experimental conditions during tests of 15 and 60 

second durations. 

3. There are no significant differences in flight time per 

jump (s) between the Standard Bosco Jump test and three 

experimental conditions during tests of 15 and 60 second 

durations. 

4. There are no significant differences in percent flight 

1 time (%Tr ) between the Standard Bosco Jump test and three 
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experimental conditions during tests of 15 and 60 second 

durations. 

5. There are no significant differences in mat time per jump 

(s) between the Standard Bosco Jump test and three 

experimental conditions during tests of 15 and 60 second 

durations. 

1.3 Delimitations 

1. Only male subjects were used in this study. 

2. Generalizations and conclusions from this study can only 

be compared wi th measured variables and power output 

scores from the Bosco jump test. 

1.4 Limitations 

1. During the eccentric portion of the jump preparation 

phase, subjects may vary from the requested knee flexion 

angle of 90 degrees. Verbal feedback was provided by the 

researcher in order to maintain the knee flexion at 90 

degrees. Performances were also videotaped to obtain 

standardization. 

2. During continuous jumping tests, i t is difficul t to 

control lateral and vertical displacement of the feet 

when landing on the timing mat. 

3. The fibre type of the muscle may have influenced the 

results of this study. 
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Chapter II 

Review of Related Literature 

This chapter presents literature related to vertical 

jumping as a means of evaluating human power output. The 

main focus of this review will be the Bosco et al. (1983b) 

continuous vertical jump test. variables which influence 

jumping performance are also addressed in this chapter. 

2.1 Introduction 

In man, power output has been evaluated using several 

vertical jumping methods. One method is a simple vertical 

jump which measures the displacement of ctifferent parts of 

the body (i.e. preferred hand, waist, or head) from a 

standing position to the highest point achieved during a 

maximal vertical jump (Sargent, 1924; Davies & Young, 1984; 

Vandewalle et al., 1987). The estimation of power from the 

height of a vertical jump requires the calculation of work 

and an estimation of the jumping time (Adamson and Whitney, 

1971). The performance of the jump reflects the degree in 

which the legs are permitted to pre-stretch (Cavagna et al., 

1968) and the use of the arms in an upward movement during 

the positive phase of the jump (Vandewalle et al., 1987). 

A second method of evaluating human power output utilizes 

a force platform. This has permi tted the measurement of 

instantaneous power produced during a vertical jump (Davies, 
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1971; Bobbert et al., 1986; Asmussen & Bonde-Petersen, 1974). 

Ruman power output ls determlned by measuring acceleration at 

the centre of mass during the vertical jump. The 

acceleration is equal to the value of the force exertcd on 

the force platform minus the subject's body weight, divided 

by the body mass (Vandewalle et al., 1987). The 

instantaneous velocity is calculated from the product of the 

force exerted downward on the force platform and velocity of 

the centre of mass during the vertlcal jump, thereby allowing 

calculation of power and average power during the vertical 

jump (Vandewalle et al., 1987). 

A third test ta measure human power was developed by 

Bosco et al., 1983b). This 60 s continuous vertical jumping 

test allowed for the storage and re-utilization of elastic 

energy from the leg extensors from one jump ta be transferred 

to the next jump. The power output from the first 15 s of 

the Bosco test is considered to be a measure of anaerobic 

power and the 60 s score i5 an indicatIon of anaerobic 

capacity or endurance. 

Performance of a vertical jump (height of jump and power 

output) is related to the following parameters; age (Bosco 

and Kami, 1980; Davies & Young, 1984), sex (Komi & Bosco, 

1978), muscle fibre composition (Bosco et al., 1983a), re­

utilization of stored elastic energy in pre-stretched muscles 

(Bobbert et al., 1986; Asmussen & Bonde-Petersen, 1974), body 

size and external loading (Davies, 1971), muscle metabolism 
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(Boobis et al., 1983: Jacobs et al., 1983) and mechanical 

efficiency (Bosco et al., 1987a). The discussion presented 

in the next section reviews the literature related to 

vertical jumping and the effect of these variables on 

vertical jump performance. 

2.2 Power OUtput from Vertical Jumping Tests 

Davies (1971) utilized a force platform to examine the 

maximal power output achieved during the performance of a 

vertica l jump. The power output values from the vertical 

jump test were compared to the power scores obtained from a 

stair run test and to a cycle ergometer test. The vertical 

jump was ini tiated wi th a countermovement followed by a 

maximal effort. The stair run test was administered 

according to the protocol established by Margaria et al. 

(1966). From the cycle ergometer test, aerobic power output 

was determined from direct rneasun~ments of oxygen consumption 

during the sixth ta eighth minute of a maximal oxygen 

consurnption test. The subjects were 47 adul t males and 8 

adult females. 

The vertical jump test yielded the largest power output 

scores of the three tests. ~he mean scores for both men and 

women were as follows: 1) the vertical jump testsi men 5.60 

± 1.21 hp (4174 + 905 W) and for the women 3.16 ± 0.48 hp 

(2353 + 360 W): 2) the stair climb test: men 1.35 + 0.21 hp 

(1613 + 154 W) and for the women 0.91 ± 0.10 hp (727 ± 75 W): 
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3) the aerobic power scores for the men 0.33 ± 0.05 hp (246 

± 33 W) and for the women 0.24 ± 0.03 hp (182 ± 22 W). The 

author suggested that the greater power output observed ln 

the vertical jump rnay be due to the re-utilization of stored 

elastic energy. The countermovement vertical jump protocol 

maximi zes the pre-stretching of the lmee extensor muscles 

prior to the upward phase of the jump. Re-utilization of 

elastic energy was not a major contributor to the other two 

experimental conditions. 

Davies et al. (1984) compared peak and average power 

outputs from cycl ing and vertical jumping in fi ve male 

subjects. Each subject performed three single jumps with a 

countermovement. Force-time data were collected hefore, 

during and after the jump for a total duration of five 

seconds. The cycling was performed on a constant velocity 

ergometer at a pre-determined speed for 10 seconds. The 

subjects were required to pedal as rapidly as possible for 

this duration. strain gauges were connected to each pedal 

to measure force output. The frequency of pedalling was 

increased by the investigators until the subject could no 

longer safely maintain any further increases. 

The average peak power outputs for the maximal cycling 

test were significantly greater than the power output values 

from the jumping test. However, the two methods were closely 

related (r = 0.74 P < 0.01) and provided a simple and 

accurate measure of pow8r in humans. 
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Bosco et al. (1983b) developed a simple method for the 

evaluation of mechanical power by utilizing a vertical 

rebound jump series. The test required the subjects ta 

perform vertical jumps with maximal effort for 60 s. The 

first 15 s af the test was used ta calculate the anaerobic 

power output. The anaerobic capacity score was the average 

power output for the 60 s test. During the test, flight time 

was monitored by a timer connected to a mat which is 

triggered when the feet of the subject leave the mat. The 

time is stopped when the feet make contact wi th the mat. 

The Bosco test evaluates the ability to sustain power output 

for a period of time with stored elastic energy contributing 

to the total power output. 

The Bosco Jurnp test was compared ta Wingate tests of 15 

and 60 second duration, the power output from the Margaria 

stair climb test, and a 60 rn sprint (Bosco et al., 1983b). 

Male subjects between 16 and 30 years of age participated in 

the study. The subjects were from three groups: basketball 

players (n = 12), volleyball players (n = 12) and school boys 

(n = 14) who were not specifically involved in any single 

activity. Power output scores of 19.8, 21.6 and 22.2 Wjkg 

were obtained for groups one, two, and three, respectively 

for the 60 s Bosco test. The me an mechanical power output 

obtained in the 60 s jumping test demanstrated a hlgher value 

(20 Wjkg) than the power score obtained in the 60 s Wingate 

test (7 WjJ{g) or the Margaria stair climb test (14 Wjkg). 
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The first 15 s of the Bosco test correlated closely with the 

15 s Wingate test (r = 0.87) and with the 60m sprint (r = 

0.84). The 60 s Bosco test was closely associated with the 

60 s Wingate test, (r== 0.80). The Margaria stair climb test 

correlated poorly with both time intervals of the Bosco jump 

test (15 s: r = 0.12 and 60 s: r = 0.03), respectively. The 

Bosco jump test had a test re-test correlation of r = 0.95 

and thus was considered a reliable test. 

Bosco et al., (1983b) suggests that the greater power 

output scores obtained in the jumping test were due to the 

additional release of mechanical energy stored in the elastic 

elernents of the muscles and tendons. The re-use of the 

stored potential energy in the muscles and tendons, plus the 

contribution of power from the chemomechanical conversion 

allow for greater total power outputs than power tests which 

do not utilize the elastic component of the muscles. 

To evaluate the average power of 119 male athletes, 

Kirkendall and street (1986) employed the Bosco et aL, 

(1983b) 60 s anaerobic vertical jump test. The subjects were 

representative of seven different athletic activities and the 

Bosco test was used as a pre-participation evaluation. The 

average power output score for the subjects was 20.J7 Wjkg. 

This was similar ta the value obtained by Bosco et al. 

(1983b). Ten indoor soccer players '"-'ere used in a test-

retest program to evaluate any c~anges in average power due 

to training. After four rnonths of training, their average 
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power output increased by 17% from a pre-season score of 20.8 

Wjkg ta 24.3 W/kg at mid-season. The Bosco test was found to 

be rel iable and sensi ti ve in detecting changes in power 

output due to training. 

Bosco et al. (1983c) investigated the relationship 

between isokinetic performance and bail istic movement.s of 

the 1eg extensor muscles in 12 male subjects. The 

experimental conditions were: 1) 1eg extension through 

complete range of motion measured on a Cybex II isokinetic 

dynamometer at velocities of 0.5, 1.0, 2.1, 3.14, 4.2, and 

5.2 radis., 2) a vertical jump beginning from a 90° static 

flexion in the legs, 3) a vertical jump with a 

countermovement, 4) a vertical jump after different stretch 

loads that were given to the leg extensor muscles by letting 

the subject drop onto a p1atform from heights of 20, 40, 60, 

80, and 100 cm, and 5) the Bosco et al. (1983b) 60 s 

continuous power jump test. 

The mean and standard deviation scores from the static 

vertical jump, the countermovement jump and best drop jump 

performance were 37.1 ± 2.7 cm, 44.0 ± 2.6 cm, and 42.1 ± 

3.4 cm, respectively. The coun'termovement vertical jump and 

best drop jump yielded higher scores than the static position 

jump. Bosco et al. (1983c) attributed this difference to the 

storage and re-utilization of elastic energy in the 1eg 

extensor muscles during jumps with dynamic flexion prior to 

the jump. 
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The power outputs (X ± SO) recorded from the Bosco jump 

test during the first 15 sand at the end of the 60 s 

continuous test were 22.9 ± 2.9 W/kg and 19.2 ± 3.9 W/kg 

respectively. The power output from the isokinetic 

dynamometer performance yielded a mean score of 6.45 ± 1.04 

W/kg. The differences in power output between the Bosco 60 

s jump test and the isokinetic performance were attributed to 

the following four reasons. The first was the fact that only 

one leg was used during the isokinetic performance testing. 

The second reason was that the isokinetic test evaluated only 

the knee extensors while the jumping involved both the ankle 

and the knee extensors. Thirdly, at the highest angular 

velocities, there was insufficient time to reach full 

activation of the muscles at angles greater than 0.25 radis 

where the isometric torques are highest. Lastly, no elastic 

energy could be stored during the isokinetic test. 

Both the ballistic activities and anaerobic power test 

demonstrated the highest relationship with peak torque 

respectively at 3.14 and 4.2 rad/s. Peak torque was 

significantly correlated to the static vertical jump 

(r = 0.71, P < 0.01); to the countermovement jump 

(r = 0.74, P < 0.005); to the best drop jump Cr = 0.60, 

P < 0.005): to the 15 s anaerabic power test (r = 0.70, 

P < 0.01), and to the 60 s anaerobic power test (r = 0.68, 

P < 0.01). Bosco et al. (1983c) concluded that bath the 

jumping test and the isokinetic dynamometer performances are 
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useful tests for determining mechanical power output. 
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The 

isokinetic apparatus evaluated the instantaneous power output 

while the contin~0us jump test measured the average 

mechanical power output. 

2.3 Age and Jumping Performance 

Bosco and Komi (1980) investigated the influence of age 

on the ability of the leg extensor muscles ta generate force 

and height of jump. A total of 226 subjects (113 females and 

113 males), ranging in age from 4 to 73 years of age were 

studied. The subjects were grouped into age categories. 

Subjects performed maximal vertical jumps on a force platform 

using three methods of jumping. The first method had the 

subjects jump from a static position with legs flexed at 90°. 

No preparatory countermovement wa~ utilized in this 

condi tion. The second method used a preparatory 

countermovement. Subjects started from an erect standing 

position on the force platform with the end of the eccentric 

phase identical to the beginning phase of the static jump. 

The third method al tered the stretch load by drepping the 

subjects enta the force platform from varying heights (20 ta 

100 cm). The children and more senior participants were not 

tested at high stretch-Ioads. 

The results showed that generally the height of the jump, 

the force produced duriI"g the jump, and the power output 

performance from the jump peaked for the group aged 19 to 29 
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A decl ine in the power output was observed w i th 

increasing age. The male subjects tended to obtain qredter 

values than the females in ail three conditions with both 

groups obtaininq their best performdnce in the ~ù cm 

condition. The de crea se ln performance was attributed to a 

possible decrease ln fast tw i tch musc 1 e t i bres w i th 

increasing age and a reduct ion in musc l e and connect i ve 

tissue elasticity of the leq extensor muscles (Bosco & Komi, 

1980). 

2.4 Sex and Jumping Performance 

Komi and Bosco (1978) examined the utilization of stored 

elastic enerqy in leg extensor muscles by men and women. The 

authors suggested that an alternating cycle of eccentrlC:­

concentric contractions in locomotion represent d sequence 

where storaqe and subsequent utilizatlon ot elastic en0rgy 

takes place. It was hypothesized that the storaqe capaclty 

and uti 1 i zat ion depends on the stretch-loads of act i vated 

muscles, and that sex differences may be pre~ent in thesc 

phenomena. To examl ne th) s hypothes 1 s, th ree q rCJups were 

tested: Female physical education students (n 2'J), male 

physical education students en = 16), dnd players from the 

Finnish National Men's Volleyball Team (n 16). The 

subjects perforrned three methods of vertlcal jumps on a force 

platform. The first consisted of a jump from a static 

position in which no preparatory counterrnovement was allowed. 
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The angle at the knee was 90° and maintained for three to 

five seconds before jumping. The second method permitted a 

countermovement where the subjects started from an erect 

posi tion, flexed their legs ta 90° and th en ini tiated the 

jump. The third method consisted of having the subjects 

dropped from heights between 20 to 100 cm onto a force­

platform followed immediately by a vertical jump. The 

subjects kept their hands on their hips during the jumping 

conditions. 

A comparison of the average values of the maximum height 

jumped showed that females generally performed 54 to 67% 

below both male groups in aIl conditions. The volleyball 

players displayed a performance level which was 2 to 8% 

higher than the male physical education students. 

In the three different jumping condi tians, the least 

efficient method was the one which began from a static 

position as compared to the ~erformances in the 

countermovement jumps or the drop jumps. There was no 

significant difference between the performances on the 

co~ntermovement jurnps and the drop jumps. 

The drop height influenced performance in aIl three 

groups studied. In males, the height of rise of the centre 

of gravit y improved when drop height was increased from 26 

cm to 62 CID. Similarly, the female subjects showed increases 

from 20 cm to 50 cm. The authors concluded that the degree 

of stretch load of a muscle prior ta contraction augments 
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Beyond that level detriments 

in performance were observed. This study also indicated that 

male subjects can sustain rnuch higher stretch-Ioads than 

their female counterparts. However, they also suggested that 

females compared ta males are able ta utilize a greater 

portion of the stored elast ic energy in both the 

countermovement and drop jump conditions. Female subjects 

were able ta re-utii i ze 90% of the stored elastic energy 

transferred from the eccentric portion of the jump ta the 

concentric phase of a countermovement jump. The male groups 

in the same experimental condition re-utilized between 48.8 

to 50.0% of the stored elastic energy. Therefore, it appears 

that jumping conditions with a pre-stretching component are 

more likely to achieve a maximal vertical jump. Al though 

the males sustained greater stretch laads an muscles, the 

females were able ta re-utilize greater percentages of the 

stored elastic energy. No explanation was provided for this 

difference (Komi & Bosco, 1978). 

2.5 Muscle Fibre composition and Jumping Performance 

Bosco et al. (1986) investigated the recoil of elastic 

energy in subjects with different muscle types during large 

amplitude vertical jurnps before and irnmediately after fatigue 

induced by short high intensity exerClse. Fourteen male 

track and field athletes were dlvided into two groups 

depending upon their percentage of fast twitch muscle fibres 
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in the vastus lateralis. Fibre composition was determined by 

a needle biopsy technique. Subjects performed three 

countermovement jumps and three static jumps approximately 15 

s before and again after a 60 s continuous jump test (Bosco, 

1983b). The countermovement jumps and the statjc jumps were 

executed with an angular displacement of approximately 90°. 

Knee flexion was rneasured with an electrogoniometer attached 

to the lateral side of the knee. The execution of large 

amplitude jumps does not allow fast stretching movements 

(e.g. 2 radis) which are approxirnately 15% of the maximal 

speed recorded in drop jumps. Vertical jumps with a large 

angular displacement alloN for an ex:tended coupling time for 

muscle fibres which favours the characteristics of slow 

twitch muscle fibres (Bosco et al., 1986). 

The reslJl ts showed that the slow twi tch muscle group used 

a greater percentage of elastic energy before fatigue th an 

did the fast twitch group (28.3% vs 22.8%, respectively). 

However, after exercise- induced fatigue, the fast twi tch 

muscle group demonstrated a greater percentage of re­

utilization of elastic energy than the slow twitch muscle 

group (32.0% for fast twitch subjects vs 22.5% for slow 

twitch subjects). The slow twitch muscle fibres can retain 

their elastic energy longer before det~chment of their cross 

bridges. The shorter crossbridge connection times of the 

fast twitch muscle fibres prevent significant retention of 

elastic energy in vertical jumps at slow stretching speeds 
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1986) . However, after fatigue, a greater 

fast twi tch fibres were recrui ted by the 

subjects in the fast twitch muscle fibre group, which might 

have induced a decrease in the time of the cross bridge 

attachment-detachment cycle. À decrease of the cross bridge 

cycle rate might allow the re-use of elastic energy during 

the concentric phase of the countermovement jump, despi te 

increased coupling time due ta the fatigued state of the 

muscles. 

Bosco et al. (1983a) investigated the relationship 

between muscle fibre distribution of the vastus lateralis 

muscle and performance on a 60 s Bosco anaerobic power test. 

Ten male track and field athletes were used as suojects. 

Their muscle fibre composition rangect from 25 ta 58% fast 

twi tch fibres. Mechan ica l power output was calculated at 

every 15 s interval for the 60 s test. The re lationshi p 

between the mechanical power for the first 15 s interval 

correlated highly with the percentage of fast twitch muscle 

fibres (r = 0.86, P < 0.005). The correlation dropped with 

increasing time spent on the test until the relationship 

became non-significant after 30 s. Sensitivity ta fatigue 

was demonstrated by the reduction in power during the 60 s 

jumping i nt.erval. The percentage of fast twi tch muscle 

fibres and rate of fatigue correlated highly (r = 0.73, 

P < 0.01). The authors concluded that the 60 s continuous 

jumping test is sensitive in assessing fatigue patterns. 
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Bosco and Kami (1979) investigated the influence of 

skeletal musLle fibre composition on the mechanical 

performance of human skeletal muscle under dynamic 

conditions. The muscle fibre composition was deterrnined by 

a needle biopsy technique. The vastus lateralis muscle was 

selected for biopsy. Histochemical analysis providE" by 

staining for myofibrillar ATPase was used to classify fibres 

into categories of fast and slow twitch. Subjects (n ; 34) 

performed maximal vertical jumps from two different 

positions. The first method was ini tiated from a static 

position (knee flexed at 90°) wi thout a preparatory 

countermovement. The second procedure allowed for a 

preparatory countermovement in which the subjects began from 

a standing position initiated wit~l a 90° knee flexion fo11owed 

immediate1y by a maximal vertical jump. In both procedures, 

the subjects kept their hands un their hips to prevent any 

additional lift from the upward movement of the arms 

effecting the jump. 

The results indicated that the countermovement jump 

significantly increased height of centre of gravit y compared 

to jumps from the static position. The mean scores and SO 

for the groups were: 41.0 ± 6.1 cm for the countermovement 

jumps, and 35.9 ± 4.7 cm for the static jump group. The 

authors suggested that the stored elastic energy in the 1eg 

extensors contributed to the improved performance during 

countermovement jumps. 
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The degree of fast twitch muscle fibre distribution in 

the vastus lateralis muscle ranged from 19 to 76% (x ~ 50.7%; 

SD = 15.1%). The percentage of fast twitch fibres 

demonstrated a signi f icant posi ti ve relationship wi th the 

height of jump in both static jump performance (r = 0.37, 

P < 0.05) and with countermoverncnt jump performance 

(r = 0.48, P < 0.(1). 

2.6 Body si ze and External Loading 

The effects of external loading on short-term power 

output measured on a force platform has been exarnined by 

Davies and Young (1984). The subjects included ten children 

(11.8 ± 0.4 years) and four adults (22.7 ± 1.5 years). They 

performed single countermovement vertical jurnps on a force 

platform and a cycling test to evaluate power. In the 

cycling test an optimal pedal frequency was established for 

each subject. During the maximal cycling test the peak force 

was taken as the maximal value recorded during a single 

revolution during the first 5 s of the test. Cycling 

velocity, average power and peak power were calculated for 

each revolution. Following the control measurement period, 

the subjects performed vertical jumps with varying degrees of 

external loading. The loading was evenly distributed over 

the subject' s body by inserting small fIat steel weights into 

specially designed overalls. The external loading 

represented approximately 5, 10, 15, 20, 25, and JO percent 
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of the children's body weight and 5, la, 15, 30, and 40 

percent of the adult's body weight. 

The resul ts demonstrated that under controlled (unloaded) 

condi tj ons the absolute peak power output (W) achieved by 

children and adults was 572 W and 765 W respectively. 

cyc1ing produced peak power values which were 45% and 25% 

higher than jumping, for bath the children and adults 

respectively. External loading decreased both the average 

and peak power outputs due to a reduction in velocity 

immediately prior to take-off. 

2.7 Re-utilization of Stored Elastic Energy 

Ta investigate the extent that the 1eg extensars are 

activated during a vertical jump, Van Soest et al. (1985) 

compared one-legged and two-legged vertical countermovement 

jumps in 15 male volleyball players. They recorded ground 

reaction forces, cinematographic and elect~amyographic data. 

The Mean jump height from the single non-preferred 1eg was 

58.5% of that of a two-legged jump. The mean net torques in 

the hip and ankle was higher in the single-legged vertical 

jumps. The net power output of a single-legged jump 

accounted for more than 50% of that of the two-legged total. 

Electromyographic data from this study showect an increased 

activation of the gastrocnemius and vastus medialis muscles, 

suggesting that when a vertical jump is performed from both 

legs simultaneously, the 1eg extensors and p1antar flexor 

muscles are not activated maximally. 
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(1986) investigated the explosive 

movements involving the lower extremity elastic recoil and 

transportation of power from knee to ankle via the 

gastrocnemius muscle. This was associated wi th a power 

output about the ankle that rendered values over and above 

the maximal power output of the plantar flexors. The authors 

examined the relative power and work contributions of these 

two components for the push-off phase in one-legged jumping. 

Ten trained male subjects performed one-Iegged 

countermovement jumps with their non-preferred leg. Ground 

reaction forces and cinernatographic data were recorded. The 

relative contributions of muscle fibres, tendinous 

structures, transfer of elastic energy on the total power 

output of the triceps surae muscle were calculated. The 

power output at the ankle closely resembled the curve 

obtained by the surnmation of the power output calculated from 

muscle fibres 1 tendons and the transferred energy (energy 

transferred from knee to ankle) . The percentage 

contributions of the muscle fibre, tendons and transferred 

energy just prior to toe-off (50 ms) were 27, 53 and 27 

percent respectively. Bobbert et al. (1986) concluded that 

elastic recoil and transferred energy are important 

components for high levels of performance during a vertical 

jump. 

Cavagna et al. (1971) demonstrated that the power output 

from the knee extensor muscles during a vertical jump was 
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significantly greater when the muscle was pre-stretched prior 

to contraction. The subjects in this study were five men and 

two women who perforrned three different rnethods of vertical 

jumping on a force platform. The first rnethod was initiated 

without any preparatory countermovements before the upward 

rnovernent phase of the vertical jump. The subjects chose the 

degree of flexion in their legs su ch that they feit it would 

produce a maximal jump. The position was held for three ta 

five seconds ta insure that the effect of pre-stretching was 

minimized. The second method allowed a countermovement which 

was character ~ zed by a flexion in the knees prior to the 

upward phase of the vertical jump. The countermovement 

provides the knee extensors wi th the pre-stretch before 

contraction. The degree of knee flexion was chosen by the 

subjects to produce a maximal effort. The final method 

consisted of two consecutive jumps with the vertical jumps 

perforrned in the sarne manner as the subjects in the second 

group. 

The results showed that the countermovement jump and 

consecuti ve jump produced signi f icantly greater power outputs 

than the method with no pre-stretching of the knee extensors. 

The countermovement vertical jump produced 2.737 hp (2040 W) 

vs. 1.614 hp (1204 W) for the static jumping method. The 

authors concluded that pre-stretching which occurred in 

methods two and three was a major contribution ta the greater 

power output observed ln the non-stretching method. The 
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energy cast for maintaining the active muscle was believed ta 

be less in the pre-stretched muscle due ta re-utilizatian of 

elastic energy during the positive jump phase (Cavagna et 

al., 1971). 

The patential of muscles absorbing and temporarily 

storing mechanical energy in the form of elastic energy for 

subsequent utilization in a post-storage activity was 

investigated by Asmussen and Bonde-Petersen (1974). using 

a force platform, 19 sUbjects performed three types of jumps: 

1) a jump from a flexed static position; 2) a jump with a 

countermovement: and 3) a jump from drop heights of 0.23, 

0.40 and 0.69 m. The performances of the countermovement 

jumps and the drop jumps were compared to those ini tiated 

from the flexed, static starting position. Compared to jumps 

from the flexed static starting position, the mean height of 

jumping increased 22.9% with a countermovernent jUllp, 13.2 % 

with a drop height of 0.23 m, 10.5 % with a drop height of 

0.40 m, and 3.3 % with a drop height of 0.69 m. The 

countermovement jumps and the drop jurnps pravided 

significantly greater jump heights than jumps withaut pre­

stretching. 

2.8 Muscle Metabolism and Energy Utilization 

Muscles use chemical energy to perform physical activity 

whereby bialogical work is accomplished (Brooks and Pahey, 

1984). The energy producing biochemical processes of the 
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human body yield adenosine triphosphate (ATP) , which is used 

by the tissues of the body ta der i ve energy and heat. ATP is 

produced by three energy systems: (1) the ATP-CP system (or 

phosphagen system); (2) the anaerobic glycolysis system (or 

lactate system); and (3) the oxidation of fat, carbohydrate 

and protein molecules (the oxygen system). The oxidative or 

aerobic system is not fully acti vated unti l acti vi ty has 

persisted for severaI minutes (Green, 1 ':182) . The energy 

systems which are of main concern to this paper are the 

anaerobic systems. During the first few seconds of alI-out 

exercise, the ATP-CP system is essentially depleted (Thoden 

et al., 1982) and thus the anaerobic breakdown of glycogen 

becomes increasingly prominent. 

Boobis et al. (1983) investigated anaerobic metabolism 

during a brief supramaximal cycle ergometer test. Four 

subjects attempted to pedal as quickly as possible against 

a pre-set load (75 gjkgBW) for 30 s. The rotation of the 

flywheel was constantly monitored with the power output 

calculated for each second of the test. Peak power occurred 

between three and six seconds. 

Muscle biopsy samples were taken from the quadriceps 

before and immediately after exercise on two occasions. The 

first muscle biopsy was sampled after 6 s of supramaximal 

exercise and the second after 30 s. The results showed an 

elevation in glycolytic interrnediates and a decrease in 

glycogen wi thin 6 s of exercise which indicates that the 

glycolytic processes were initiated early in the exercise. 
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Jacobs et al. (1983) investigated the post-supramaximal 

exercise lactate levels after 10 sand 30 s bouts of 

exercise. Twenty-two physical education students (15 males 

and 7 fernales) participated in this study. The suprarnaximal 

exercise task was the wingate anaerobic test. Resistance was 

standardized so that one pedal revolution produced a power 

output of 4.90 Wjkg. Subjects performed two alI-out tests of 

30 s an~ 10 s duration. Immediately after the completion of 

these tests, a muscle biopsy sample was taken from the vastus 

lateralis muscle. The 10 s lactate concentration, compared 

to exercise of 30 s duration, was 59% for the males and 46% 

for the females. The male subjects produced significantly 

greater lactate levels than female subjects after both 10 s 

and 30 s. The results demonstrate that substantial lactate 

accumulation from elevated rates of glycogenolysis occurs 

during supramaximal exercise of 10 s duration. 

The usefulness of the ATP-CP system lies in the rapid 

availability of energy rather than the quantity. Lactic acid 

accumulates when there is an inadequate amount of oxygen 

available at the cellular level (Brooks and Fahey, 1984). 

When the ATP-CP system is substantially depleted, ATP is 

produced through the breakdown of glucose into lactic acid. 

Fox (1979) compared the percentage of ATP contributed by 

the three energy systems in relation ta performance time and 

power output. In activities in which the lactic acid system 

is important, at least one of the other two systems also is 

a significant contributor of ATP supply. Furthermore, it is 

important to note that the three energy systems cannot be 
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thought of as isolated processes which operate independently 

during exercise; aIl three systems contribute concurrently 

(Brooks and Fahey, 1984). 

Fox (1979) stated that the ATP-CP system dominates in 

acti vi ties less than 30 s whi le the oxygen system is 

predominant in events exceeding three minutes. Between JO 

s and th:: ee minutes 1 the lactate system combines wi th the 

ATP-CP system and the oxygen system te provide the energy to 

perform the activity. 

The duration of recovery periods recommended by Fox 

(1979) to obtain 100% resynthesis of the ATP-CP system is 

shown in Table 2. 

Table 2: Duration of Relief Interval and ATP-CP Resynthesis 

Relief Interval(s) ATP-CP Restored ( %) 

less th an 10 very little 

JO 50 

60 75 

90 88 

120 94 

more than 120 100 

Saltin (1973) stated that the ATP-CP energy system does 

not play a major raIe in meeting energy requirements for 

repeated exercise bouts unless rest periods are at least one 

minute in duration. The significance of phesphagen 
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replenishment has becn quûst i on pd t)y spvpr,ll i nvpst 1 q,ltor~;. 

Saltin et dl. (Ir)";'~) reportcd th,lt tht~ t'nt'rqy .IV,lll.lbll' ! rom 

ÂTP ·'"ind CT c:onC'entLitlons ot ') ,Inti ",l mmo! k-q of Wt't !.Io.t'it't.IJ 

muscle, respE.'ctlvely, could provldp th .. t'f1Prqy fot" hlqh 

intensity ('xcrC1Sû ot ',-1<, :; dur.ltlon provid('d th.)t tht' 

phosphagen stores are fully rpsynthp:;li'pd tu norm,il J(lv('l~; 

dur i ng the recovpri' PPr! OelS • 

:ialtin and Essen (]')ll) (~xdmin(~d the' r('!cMdinq of thn 

phosphaqcns dur 1 nq the' n'covpry pC'r i mi. 

performed intermittent exercisc for 

suprarnaxirnal load of 2400 kpm/min (3()') W). 'l'hp work and 

recovery periods were: 1) 10 5:20 s, 7) 2U s:40 s, 3) JO n:tlO 

s, and 4) 60 s:I;:>O s. The ATP-CP (lppletion Wd~; m(}~;t marKPc! 

wi th t.he longer work per i ods. When the rccovnry p()r 1 od!; 

lasted more than 20 seconds, d si qT11 t 1 C'clllt 1 n('r(,(H;(~ in th€' 

ATP-CP was observed in the musc 1 e. 

reloading of ATP-CP dUrlnq recovpry PPrlOdf; of Ip~;~; thdn ;'0 

s, plays, tram a quantitatlvP- f:;tilndpoint - rln in~;ignificrsnt 

role in energy supply dunng Jntcrmlttent ûXf'rcise. 

2.9 Mechanical Efficiency 

The significance of pre-stretchinq d muscle find it!j 

effect on the mechanlcéll etf lciency of huméJn ~;koletil! mw;c;l(~ 

was investigilted by BaRCa et al. (1~H7). Thp focus of thl~ 

study was to df'term l ne thp contr i but Ion of thp n l i:l~;t 1 r; rnc;o l J 

component to actlvltie~ which utl lized ~ stretch-shortenlnq 
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cycle compared to those that did not. six male runners 

participated in three experimental conditions. The first was 

a run on a motor-driven treadmill for four ta five minutes at 

a speed of J.]] rn/s. Foot contact time on the treadmill belt 

was measured with a special capacitive sole connected to an 

electronic digital timer. This provided a measure of the 

positive workphase from the total foot contact time. The 

second and third conditions utilized a 60 s continuous 

vertical jumping test (Bosco et al., 1983b) with and without 

an interruption between jumps. This was characterized by one 

condition in which the subjects were permi tted to use a 

rebound between jumps such that the concentric ~'ork was 

immediately preceded by pre-stretching during the eccentric 

work phase. The second continuous vertical jump condition 

was executed wi th no rebound phase between jumps. The 

eccentric and concentr ic phases were separated by a 0.5 s 

pause which prevented the storage of elastic energy. Bath 

series were performed with knee angular displacernent of 

approximately 90° and executed on a force-platforrn sensitive 

to vertical ground reaction force. 

-The net mechanical efficiency (x and SD) for the running, 

rebound and non-rebound continuous vertical jumping was 54.5 

± 9.1%, 27.8 ± 5.3% and 17.2 ± 2.7%, respectively. In the 

jumping conditions, the rebound method was signjficantly more 

eff icient th an the non-rebound condi tian. The increased 

1 mechanical efficiency in the rebound condition above that 
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achieved durinq the non-rr>bound conditl0n \JM; .lttnbutpti to 

the delivery of ston!d f?l,l~,th' re,'oil Wlll,'h W.lb tr-,II1',!f'rn'd 

to the conc('ntric contr.lctlon ot thl' jpq ('>:t(\n~;OI':; VI.l ttH' 

elasti.c ûlemûnts tC.l\'dqnd pt .11., l')',.). 

The e>.trd \Jork iound ln thl~; ~;tudy W.l~; qn'.\tt.'r ln 

magnitudf~ th.Jn in othpr studies usin(~ pxprci:;('!-; ~;Imi l.ir to 

rebound lumpinq 1 A~~mus~;pn & B()nd(>-P(>t('r~;pn, l 'J ',11. 'l'tH' 

magnitude ot the posltlve work dcllv<,red ln thi'; ~,tudy w,,:~ 

signi f icant 1 y qrc'ater thcln the ('(lI cu 1 at('d F;ote>nt id 1 f' 1 i1~;t Il" 

energy stored w i th i n l eq exten~.;or mu~;c 1 C':; (Bosco pt .1 l . , 

1987). In running ;lnd ret)ound )Umplnq, when i}ctlvP ,nu~;cl('s 

utilize elastic enerqy, the contractlon time IS n~duced. 

The re-utlllzation of storod eldf;tic pnnrqy r('cluc('!; the> 

chemical enerqy needed to é.lccompl i sh the <let i v i ty. 'l'he medn 

times requ l red to pcr f orm pOf; j t l ve work 1 n tJoth n~bound ) urnV; 

(x = 282.~ ms) ~nd running (x 
shorter than the t ime in no rehound Jurnp~; ('9. l / .? .). m~;). 

The contract ion t i me dur i ng pas i t 1 VG work dpmon~;trdte<i a 

strong relationshlp with the mech;:)nlCr:l1 ctflclt'ncy !CJund ln 

bath jumping exerc i ses dnd runn i nq ptJrt ormdnce. 

The ef f ect of pre-stretch i nq d mu:;c 1 e on ~;ub~;(>quent 

muscle ecanomy has becn :;tudied by Bosco (~t cl l. (1 rH~ 1). 'l'he 

rnechanical efficiency of 13 ~~ut)]cct~; dUrHl(~ two rJltf('r<>nt 

ser ies of vert ica l jumps per f ormed w 1 th ,md w 1 thout pr (~-

stretch was i nvest i gaterJ. Bath contlnUOU!; Jurnr)lnq !,(~rles 

were completed for ~O s at a frequency and jump hCIght th~t 
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the subjects felt they could maintain for the duration of the 

test. 

In the first condition, jumping was performed 

continuously sueh that the subjeets rebounded from one jump 

into another. This allowed storage and subsequent re­

utilization of elastic energy to be transferred inta the 

following jump. The second condition reduced the star"age 

and re-util i zation of elastic energy by placing a pause 

(approximately one second) between each jump. 

jump series were executed with large 

Both vertical 

knee angular 

displacement (approximately 90°). For the two vertical jump 

series, mechanical efficiency was defined as the percentage 

of the output of energy to the input of energy. The net 

input energy was taken as the chemical energy expended and 

the output energy as the mechanical work required ta move the 

mass of the body upwards. Muscle economy was represented as 

a ratio of the efticiency of muscular work performed during 

pre-stretch and non-stretch conditions. 

The net efficiency of positive work (x and SD) was 18.7 

± 2.7 and 27.3 ± 4.3 percent for non-rebound and rebound 

series, respectively. Bosco et al. (1987a) attributed part 

of the difference in net efficiency between the two 

conditions as the recoil of elastic energy in the rebounding 

condition, although the difference between the two conditions 

was not solely due to the elastic recoil phenomenon. The 

enhanced efficiency cturing a stretch-shortening cycle is also 
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due ta the observation that prf'vious strf'tchinq dücrO.H;pd thp 

time in which positivf' work i~) dont' dla 1 nq th!' r1('xt 

shortenlnq r'lrle (Rosco et cil., !()fÎ'). 'l'h(' I!'-U!;(' of l'ld·;tic 

energy dur i nq pos i t l ve worl-. 1 ~i d€'pendpnt upon th€' dmount or 

elastic enerq'l stored durlnq thE' Ct'('pntrlc phd~;l' ,ln!! tht' 

duration ot the couplinq timo. Th€'r€'tore, d('ppndinq upon th!' 

duration ot the activit'l, t1 1 qhl'i 

percentages ot slow tw i tch or t (l~)t tw i tch mu!;" 1 e f 1 hn'~, w i 1 1 

store dit teront qUéintitl(~~; oi plastic f>n('rq'l. ~;ut)!;('qLJently, 

if couplinq tirne is longer th;m a tcw mIl l j~;()c(md!" s()m(~ of 

the fast twitch fibres are detachpd ~nd thplr plastic 

potential lost. This is probabl y why the economy of jump i nq 

is higher in sub Jects W l th Cl hi gh perccntllge of !; 1 ow tw i t('h 

fibres when jumping at slow and moderate ra te~; ([3œ,co et cl l . , 

1987) • 
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Chapter III 

Methods 

3.1 Subjects 

Twenty-six male physical education students volunteered 

to participate as subjects. The subjects ranged in age from 

19 ta 37 years. They were physically act:ive at differing 

leveis of recreational and competitive sport. 

3.2 TreatDent of Subjects 

Each subject performed the Bosco et al. (1983b) jumping 

test as well as three variations with each experimental 

condition performed for durations of 15 and 60 seconds. This 

experimental design is illustrated in Figure 1. 

Measurement Interval 
Test 

Condition 15 seconds 60 seconds 

Standard Bosco 
Jump Test 

Cadence 
Jumping 
Test 

Rapid 
Jumping 
Test 

Standard Bosco 
Jump Test 
With 10% Added 

1 Body Mass Test 

Figure 1: Experimental Design 



1 

't 

lR 

Prior to the commencement of the testinq s(>~;sions, thf' 

subjects were instructed on the jump 1 nq protoco 1 s uspd t or 

the tour experlmental conditions. 'l'h(~ :-:;ulJi(>ct~, Wl'rp pn)Vld0d 

with demonstrations of cdch test and w(")re pt>rmittpd pLll'tin' 

time. AlI tests were random l y per f ormed ov('r d onp w(>pk 

period. Two tridIs (one 1':> s trlc11 ,md OTl(> bU ~; tr1,d) wcre 

performed on a sing le day IN i th ddequdte recovpry t i mp (') 

minutes) between trials. The 1~ S test was dlwdys pertormed 

first to minimi ze the ei fect ot f atique on the ::-,uln;equent (lO 

s trial. A flve minute recovery time WdS chosen because it 

allowed for sufficient time to restore the dcpletion of 

energy f0110wing the tirst trial. (Fox, 1919; Saltin et al., 

1977). 

The subjects arrived for testinq in proper athletic 

attire and were asked to refrain from eatinq, drinkinq 

(except water), and smoking for two hours prlor to their 

testing. AlI subjects read and siqned an informed consent 

document before the first testing session. A warm-up period 

was performed by the subject before each testing ~;ession. 

The warrn-up consisted of light cyclinq and stretchinq of the 

quadricep and hamstrinq muscles. 

3.3 Standard Bosco Jump Tests 

The Bosco et al. (1983b) vertical jump test was used to 

evaluate mechanical power and capac i ty by medsur i nq the 

flight time (T.) of consecutlve vertical jumps dunnq time 
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intervals of 15 and 60 seconds. Flight time (Tf) was recorded 

with a digital timer (tO.01) that was connected ta a 

resistive (or capacitive) mat: The timer was activated when 

the subject's feet were released from the mat (toe-off) and 

subsequently dea~tivated with the landing of the subject's 

feet (touch-down). The total time (Tt) of the test (15 or 60 

s) was measured wi th a stapwatch (tO. Ols) . Timing began 

when the toes of thp subject left the mat and continued until 

contact was made with the mat immediately following the 

completion of the pre~determjned time interval. The number 

of jumps during the test were counted. 

During each jump, knee angular displacement was 

standardized at 90 degrees. Subjects received feedback from 

the researcher to Indicate the position of legs during the 

test. To familiarize the subjects with the test, subjects 

were given practice trials which reduced the horizontal and 

lateral displacement during the test. The additional upward 

lift from the arrns during the jump was eliminated by having 

the subjects place their hands on their hips throughout the 

testing. 

The formula derived by Bosco et al. (1983b), for 

calculation of the average mechanical power is: 

Power (Wjkg) = 92 
X Tf~ 

4n(Tt - Te) 

9 2 i5 the acceleration due ta gravit y 

- T~ i5 the flight tirne recorded by a digital timer 
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- T~ is the duration of the test 

- n is the number of jumps performed during the test 

interval 

Mechanical power output scores tor test durations of 15 

sand 60 5 were reported in absolute (Watts) and relative 

terrns (Watts/kg). The absolute score was obtained by 

multiplying the relative power output score by the subject's 

mass. 

Bosco et al. (198Jb) have evaluated the reliability of 

the jumping test by measuring the power output for every 

15 s interval of a 60 second test. Volleyball players (n=12) 

repeated the jumping test on two successive days. The test­

retest reliability correlation was r ~ 0.95 (p ~ 0.001). 

The validity of the Bosco et al. jumping test was 

demonstrated by its strong correlation to the Wingate cycling 

test when both tests were conducted within () simi lar tlme 

frame. The 15 s Bosco et al. test was related to the 15 s 

modified Wingate test (r = 0.87) and the 60 s wingate test 

associated closely with the 60 5 Bosco et al. vertical 

jumping test (r = 0.80). 

3.4 Cadence Jumping Tests 

The Cadence Jumping tests were conducted similar to the 

Standard Bosco et al. test for the 15 s test, the subjects 

performed 15 jumps at a self-selected cadence. The subjects 

were not permi tted ta pause between jumps. The t imi nq of 



41 

this condition was continued until the feet of the sUbject 

touched down on the mat at the end of the 15° jump. 

For the 60 s test, the subjects jumped continuously at 

a pace of one jump per second. The cadence was presented to 

the subjects by a metronome set ta a signal of one cycle per 

second. The test was terminated when the feet landed on the 

mat fOllowing completion of the 60u jump. 

3.5 Rapid Jumping Tests 

The Rapid Jumping tests (15 sand 60 s) were administered 

in the sarne way as the Standard Bosco Jump tests with one 

exception. This condition differed in the instructions to 

the subjects before execution of the test. The instructions 

were: "Today, you will perform the Rapid Jumping test for 15 

s (or 60 s). You should flex your legs to 90~ with each jump 

and have a minimum amount of time on the mat but still 

attempt to obtain maximum flight time." Dur ing this test, no 

verbal feedback was given to the sUbjects pertaining ta the 

degree of knee flexion. Hence, it was expected that sorne 

subjects would chose a knee angle 1ess than 9if in ord8r to 

minimize mat time. 

3.6 Standard Bosco Jump Test with 10% Added Body Mass 

Condition 

In this candi tion , the Standard Bosco Jump test was 

1 • 
performed for 15 s and for 60 s wi th subjects externa11y 
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loaded with 10% of their body mass (±D.Dl kg). Subjects wore 

a vest that contained the appropriate massa The additional 

mass was evenly distributed in the pockets of the vest which 

was secured to the torso of t~e subject. 

3.7 statistical Analysis 

The statistical procedure was a single sample repeated 

measures analysis of variance (S X A). A series of planned 

cornparisons were conducted to analyze the five dependent 

variables, between the Standard Bosco Jurnp test and each of 

the three experimental conditions. The dependent variables 

were, power output (Wjkg), power output (W), flight time per 

jurnp (s), percent flight tirne (%), and mat time per jump (s). 

Uni variate F-tests were conducted ta deterrnine if a 

cornparison was statistically signlficant at the 0.05 level. 
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This chapter is divided into the fOllowing six sections: 

4.1 Subjects' Characteristics 

4.2 Descriptive Data for the 15 s Tests 

4.3 ANOVA Results for the 15 s Tests 

4.4 Descriptive Data for the 60 s Tests 

4.5 ANOVA Results for th~ 60 s Tests 

4.6 Pearson Product Correlations 

4.1 Subjects' Characteristics 

The subjects for this study were 26 male physical 

education students from McGill University. A summary of 

their physical characteristics (age, mass, and sum of five 

skinfolds) are presented in Table 3. 

Table 3: Characteristics (X ± S.D.) of the Subjects (n = 26) 

Variable X 

Age (years) 23.9 

Mass (kg) 78.8 

Sum of Skinfolds (mm) 48.5 

S.D. 

3.8 

6.7 

17.9 
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4.2 Descriptive Data for the 15 s Tests 

Table 4 shows the resul ts for the fi ve calculated 

variables: power output (Wjkg), power output (W), flight time 

per jump (s), mat time per jump (8), and percent flight time. 

The test conditions are identified by numbers in Table 4 • 

.. 
Table 4: Results (X ± S.D.) for the Four Experimental 

Conditions of the 15 s Bosco Jurnp Test (n = 26) 

Condition 1 2 3 4 

Variable 

Power(W/kg) 20.8 ± 4.7 17.9 ± 3.2 24.9 ± 7.7 22.3 ± 6.2 

Power(W) 1635 ± 376 1544 ± 294 1954 ± 560 1748 ± 462 

Tt/J (s) 0.48 ± .07 0.44 ± .05 0.47 ± .05 0.50 ± .07 

T.lJ (s) 0.61 ± .12 0.67 ± .13 0.45 ± .13 0.62 ± .12 

Tt (% ) 43.9 ± 5.7 39.9 ± 5.2 52.0 ± 8.8 44.8 ± 6.2 

Condition 1 = Standard Bosco Jump Test 

Condition 2 = 10% Added Body Mass Condition 

Condition 3 = Rapid Jumping Test 

Condition 4 = Cadence Jumping Test 

4.3 ANOVA Results for the 15 s Tests 

A series of planned comparisons were conducted, 

T contrasting the Standard Bosco Jump test with the 10% Added 

Body Mass Condition, the Rapid Jumping test, and the Cadence 
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Jumping test. The design was a single sample repeated 

measures analys is of var iance (S X A). The dependent 

variables were: power output (Wjkg), power output (W), flight 

tirne per jurnp (s), mat time per jump (s) and percent flight 

time (%). 

ANOVA results for the five dependent variables in the 

15 s test are presented in tables 5, 6 , 7, 8 and 9. The 

planned comparisons that are made in these tables are 

identified using the numbers associated with each test. 

Condition 1 = Standard Bosco Jump Test 

Condition 2 = 10% Added Body Mass Condition 

Condition 3 Rapid Jumping Test 

Condition 4 = Cadence Jumping Test 

Table 5: Analysis of Variance (Planned Comparisons) for Power 

Output (Wjkg) Over 15 s 

Comparison 

1 vs 2 

1 vs 3 

1 vs 4 

Hypoth.MS 

244.3 

417.4 

51.1 

df 

1 

1 

1 

Error MS 

12.4 

35.6 

49.8 

df 

25 

25 

25 

F P 

19.7 <.01 

11.7 <.01 

1.0 <.32 
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1 Table 6: Analysis of Variance (Planned Comparisons) for Power 

Output (W) Over 15 s 

Comparison Hypoth.MS df Error MS df F p 

1 vs 2 289146.0 1 76423.0 25 J.8 c' • 06 

l vs J 241677.7 l 208066.4 25 11.6 ,,-.01 

1 vs 4 252948.5 1 292610.7 25 0.9 <.36 

Table 7: Analysis of Variance (Planned Comparisons) for 

Flight Time per Jump (5) Over 15 5 

• , Comparison Hypoth.MS df Error MG df F P 

l vs 2 .0291 1 .003 25 8.5 <.01 

1 vs 3 .0003 l .003 .02 <.90 

l vs 4 .0174 1 .007 25 2.3 <.14 
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Table 8: Analysis of Variance (Planned Comparisons) for Mat 

Time per Jump (s) Over 15 s 

Comparison Hypoth.MS dt Error MS dt F P 

1 vs 2 .008 1 .009 25 12.4 <.01 

1 vs 3 .617 1 .026 25 24.0 <.01 

l vs 4 .009 1 .017 25 0.3 <.60 

Table 9: Analysis of variance (Planned comparisons) for 

Percent Flight Time (%) Over 15 s 

comparison 

1 vs 2 

1 vs 3 

1 vs 4 

Hypoth.MS 

495.6 

1526.0 

4.5 

df 

1 

1 

1 

Error MS df F p 

11.8 25 42.5 <.01 

74.8 25 25.4 <.01 

46.5 25 .10 <.76 

The following comments summarize the statistical analysis 

in Tables 5-9 for the 15 second tests. There were 

significant differences between the Standard Bosco test and 

the 10% Added Mass condition for four dependent variables -

power output (W/kg), flight time per jump (s), mat time per 

jump (s), and percent f l ight time (%). Compared to the 
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Standard Bosco test, there was d ~; i gn i t kant (p Ll.ll'J) 

decrease in power (W/kg), decr0at;e in tliqht timp ppr jump 

(S), a decrease in por("ent t l iqht t i me (,\) l ,ind ,ln 1 ncn'dS" 

in mat t lmo per lump (s) whon th(> 10'1, Added M,u;s Cond l t Jan 

was performed. When the power output was expn~~;~;pd in w,ltts, 

there was no s ign i t i cant dl ft erence lJetween the SLmdd r'd 'l'est 

and the lot Added Mass Condition. 

When the standard Bosco test WdS compared ta the Rapid 

Jumping test. there were siqnificant dittcnmces tor four 

dependent variables - power output (W/kq), power output (W), 

mat time per jump (5), and percent tliqht time (1). Compared 

ta the Standard Bosco test, there was a sign i t tcant (p .' 

0.05) increase in power output (W/kg), ~n increasc in powcr 

output (W), an i ncrease in percent t li qht t 1 me ('f,), dnd cl 

decrease ln mat time per jump (5). 'rhere w~s no slqnit lCdnt 

difference between the Standard Bosco test rind the Rapid 

Jumping test for the variable flight time pcr jump (s). 

There were no significant differences between the 

Standard Bosco test and the 15 s Cadence Jumping Test for any 

of the five dependent variables 

4.4 Descriptive Data for the 60 s Tests 

Table 10 displays the results for the tive calculated 

variables: power output (W/kg), power output (W) 1 flight time 

per jurnp (sl, mat tirne per jurnp (s), and ~ercent fliqht tlme 

( % ) • 
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Table 10: Results (X ± S.D.) for the Four Experimental 

Conditions of the 60 s Bosco Jurnp Test 

Condition 1 2 3 4 

Variable 

Power(W/kg) 15.4 ± 2.7 13.0 ± 2.0 21. 0 ± 7.5 14.6 

Power(W) 1221 ± 221 1122 ± 183 1637 ± 556 1145 

Tf/J (s) 0.41 ± .04 0.37 ± .05 0.42 ± .05 0.38 

T.lJ (s) 0.77 ± .15 0.81 ± .14 0.47 ± .17 0.65 

T! (% ) 34.9 ± 5.4 31. 3 ± 4.1 48.6 ± 11.1 37.0 

Condition 1 :;:;: Standard Bosco Jurnp Test 

Condition 2 :::: 10% Added Mass Jurnp Condition 

Condition 3 == Rapid Jumping Test 

Condition 4 :::: Cadence Jumping Test 

4.5 ANOVA Results for the 60 s Tests 

49 

± 2.2 

± 180 

± .04 

± .05 

± 3.4 

For the 60 s tests, a single sample repeated measures 

analysis of variance (S x A) design was used for data 

analysis. The dependent variables for the 60 s test were the 

sarne as for the 15 s test conditions. The ANOVA results for 

the 60 s tests are located in Tables la, Il, 12, 13, and 14 

for the five dependent variables: power output (Wjkg), power 

(W), flight time per jump (s), mat time per jump (s), and 

percent flight time (%), respectively. 
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Table Il: Analysis of Variance (Planned Compar'sons) for 

Power Output (Wjkg) Over hO s 

Comparison 

1 vs 2 

l vs 3 

1 vs 4 

Hypoth.MS 

163.4 

763.5 

21.8 

dt 

1 

1 

1 

Error MS 

4.50 

39.7 

4.1 

df F' 

25 36.3 

25 19.:3 

25 5.29 

p 

.• 01 

',. al 

" . a 3 

Table 12: Analysis of Variance (Planned Comparisons) for 

Power Output (W) Over 60 s 

Comparison 

1 vs 2 

1 vs 3 

1 vs 4 

Hypoth.MS 

294262.0 

4337216.2 

177915.8 

df 

1 

1 

1 

Error MS 

30231.2 

193622.5 

25553.5 

df F 

25 9.7 

25 22.4 

25 7.0 

P 

<.01 

<.01 

<.01 
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Table 13: Analysis of Variance (Planned comparisons) for 

Flight Tirne per Jump (s) Over 60 s 

Cornparison 

1 vs 2 

l vs J 

1 vs 4 

Hypoth.MS 

.005 

.000 

.030 

df 

1 

1 

1 

Error MS 

.001 

.002 

.002 

df F 

25 29.0 

25 .17 

25 19.5 

P 

<.01 

<.70 

<.01 

Table 14: Analysis of variance (Planned Cornparisons) for Mat 

Time per Jurnp (5) Over 60 s 

Comparison 

1 vs 2 

1 vs 3 

1 vs 4 

Hypoth.MS 

.03 

2.35 

.38 

df 

1 

1 

1 

Error MS 

.02 

.04 

.02 

df F 

25 2.0 

25 64.2 

25 17.9 

p 

<.15 

<.01 

<.01 



1 

, 
• 

.. 

52 

Table 15: Analysis of Variance (Planned compari~ons) for 

Percent Flight Time (b) Over 60 s 

Comparison 

1 vs 2 

1 vs 3 

1 vs 4 

Hypoth.MS 

537.8 

4243.7 

33.7 

df 

1 

1 

1 

The following comments 

Error MS 

21.4 

102.7 

24.6 

dt F 

25 25.1 

25 41. 3 

25 1.4 

p 

.. a 1 

",.01 

" .• 25 

summarize the statistical 

analysis in Tables 10-15 for the 60 second tests. Thore were 

significant (p < 0.05) differences between the Standard Bosco 

test and the 10% Added Mass Condition for four dependent 

var iables - power output (W/kg), power output (W), t l ight 

time per jump (5), and percent flight time (~). Compared ta 

the Standard Bosco test, there was a significant decrease in 

power (W/kg), power (W), flight time per jump (5), and 

percent flight time (%). There was no significant difterence 

between the conditions for the variable, mat time per jump 

( s) • 

When the Standard Bosco test was compared to the Rapid 

Jumping test, there were significant dlfferences for four 

variables. Compared ta the results tor the Standard Bosco 

test, the Rapid Jumping test produced increased power output 

(Wjkq), increased power output (W), increased percent tlight 
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time (%) and decreased mat time (s). There was no 

significant difference between the conditions for the 

variable, flight time per jump (s). 

When the Standard Bosco test was cornpared ta the Cadence 

Jumping test, there were significant differences for the four 

variables. Cornpared to the results for the Standard Bosco 

test, the Cadence Jumping test produced significantly lower 

power output (W/~g), lower power output (W) 1 lower flight 

time per jump (5), and lower mat time per jump (s). There 

was no significant difference between the conditions for the 

variable, percent flight time (%). 

4.6 Pearson Product Correlations 

When the Bosco Jump Test is performed, frequently the 

results are expressed by a single variable - power output 

(W/kg). In Table 16, the variable, power output (W/kg) is 

correlated with the four other dependent variables for bath 

the 15 s and the 60 s tests. 
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Table 16: Pearson Product Correlation Coefficients Between 

Power Output (W;kg) at 15 and 60 s with the Dependent 

Variables from the Standard Bosco Jump Test 

Power Output (W/kg) 

versus 

Power (Watts) 

Flight TimejJump 

Mat Time/Jump 

Percent Flight Time 

15 s Test 

.94 

.95 

-.40 

.83 

60 s Test 

.86 

.89 

-.41 

.73 

For a sample size of n = 26, the results from the 

Pearson Product Correlation at the 0.05 level of probability 

produced these relationships. For both the 15 sand 60 s 

tests, there is a good correlation between the power output 

(W;kg) and the variable - power output (W;kq), flight time 

per jump (5), and percent flight time (%). 
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In this study, four experimental conditions were used: 

Standard Bosco Jump test, a 10~ Added Body Mass condition, 

a Rapid Jumping test, and a Cadence Jumping test. For 

compar isons between the present study and other studies which 

have used the Bosco jump test only results from the Standard 

Bosco test will be used. Comparisons between the Standard 

Bosco Jump test and the three treatment conditions are also 

made in this chapter. 

5.1 Condition 1: The Standard Bosco Jump Test 

The power output scores produced in this study tended 

ta be lower than those cited in other studies which used the 

Bosco Jumping test protocol. Table 17 displays the power 

scores (Wjkg) from the present study, and studies using the 

Bosco Jump test (Bosco et al., 1983b: Kirkendall and street, 

1986: viitasalo et al., 1987: Bosco et al., 1986). In this 

study, the mean power scores were 20.4 W/kg over 15 sand 

15.4 W/kg over 60 s. Bosco et al. (1983b) reported power 

output for 15 s tests of 24.7 and 26.8 W/kg for basketball 

players and volleyball players respectively. For the 60 s 

tests, the power output was 19.8 W/kg for the basketball 

players, 21.6 W/kg for the volleyball player and 22.2 W/kg 

for the school boys. 
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Table 17: Comparison of Power Output (Wjkg) from Various Studies . 
Using the Bosco Jump Test 

Group 

Basketball players 
Volleyball players 
School boys 

n Power Output 
(W/kg) 

Reference 

15 s 60 s 

12 24.7 
12 26.6 
14 

19.8 Bosco et al. 1983b 
21.6 Bosco et al. 1983b 
22.2 Bosco et al. 1983b 

Ballet Danctrs 12 18.1 
18,6 
20.8 
20.9 
21. 5 
21.9 
22.2 

& Street 1986 Kirkendall 
Kirkendall 
Kirkendall 
Kirkendall & 
Kirkendall & 
Kirkendall & 
Kirkendall & 

College Wrestlers 24 
Football Players 19 
Soccer Players 19 
Indoor Soccer Players 22 
Amateur Bobsledders 7 
Basketball Players 16 

& Street 
& Street 

Street 
Street 
Street 
street 

1986 
1986 
1986 
1986 
1986 
1986 

Young Athletes 35 21. 4 Viitasalo et al. 1987 

Track Athletes 
Fast Twitch Group 
Slow Twitch Group 

University Students 
Standard Bosco test 
10% Addej Mass test 
Rapid Jultlping test 
Cadence Jumping test 

8 26.2 
6 21. 5 

26 
26 
26 
26 

20.8 
17.9 
24.4 
22.3 

15.4 
13.0 
21.0 
14.6 

Bosco et al. 1986 
Bosco et al. 1986 

Present study 
Present study 
Present study 
Present study 

In a study by Kirkendall and Street (1986) power output 

was measured with the Bosco et al. (1983b) protocol. The 

subjects were 9articipants in six athletic teams and ballet 

dancers (n = 119). The calculated power output (W/kg), from 

each of the seven groups in Kirkendall and Street's (1986) 

study were higher than the power output scores obtained by 

subjects in the present study. 
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Bosco et al. (1986) calculated power output (Wjkg) from 

fourteen track athletes. The athletes were placed into two 

groups: one group possessing a high percentage of fast twitch 

muscle fibres and a second group with a lower percentage of 

fast twitch muscle fibres. The results from a 15 s duration 

Bosco Jump test produced power outputs of 26.2 and 21.5 Wjkg 

for groups l and II respectively. The group with the higher 

percentage of fast twi tch fibres generated higher power 

output scores than the present study. However, the power 

output obtained from the group with the low percentage fast 

twitch fibres produced power output scores comparable to the 

scores of the present study. 

There may be three explanations for the discrepancies 

found between the power output cited in other studies and the 

power output from the present study. ( 1) other studies 

(Bosco et al., 1983b; Kirkendall and Street, 1986: Bosco et 

al., 1986) used subjects from various athletic teams who were 

probably bett~r and more specifically trained than the 

physical education students in this study. (2) Since the 

percentage of fast twi tch muscle fibre is a significant 

contributor ta overall power output (Bosco et al., 1986), it 

is possible that che subjects from this study possessed a low 

mean percentage of fast twitch muscle fibres. The group of 

subjects with a low percentage of fast twitch muscle fibres 

in the study by Bosco et al. ( 1986) demonstrated simi lar 

results to those obtained in this study. (3) The Bosco Jump 
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test protocol states that a standard knee angle of 90° be 

achieved during the eccentric and concentric phase of 

landing. The degree of knee flexion during the jump test was 

closely observed during the testing in this study. If the 

degree of knee flexion is not closely controlled, then power 

output may increase due to the reduction of mat tirne between 

jumps. The degree of knee flexion may not have been as 

strictly imposed on the subject in other studies. An example 

of this may be shown in a study by Bosco et al. (1983b). In 

this study the power output (Wjkg) and the number of jumps 

for two groups were reported. One group, a man's basketball 

team (n :=. 12) performed the Bosco jump test for 60 sand 

produced a mean power output of 19.8 Wjkg. The mean number 

of jumps for this group was 56.8 jumps for 60 s. A second 

group, consisting of school boys (n ~ 14) produced a mean 

power output score of 22.2 ~ikg. The mean number of jumps 

for the second group was reported to be 63.2 for 60 seconds. 

The expectation that a group of school boys would obtain 

higher mean power output (Wjkg) than a group of adult male 

basketball players seems unlikely. However, if a comparison 

between the number of jumps is made for each group it is seen 

that the school boy group had 6.4 more jumps durinq a 60 s 

test than the basketball players. This suggests that the 

degree of flexion at the knee may not have been controlled 

between jumps. This would reduce mat time per jump and 

increase power output. This may account for the difference 
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between the power output scores by the two groups and suggest 

a reason for the higher power output obtained by the school 

boy group. 

5.2 Condition 2: Added Body Mass Condition 

This condition was designed to investigate the effect of 

increased body mass on the production of power output. The 

subjects were required ta carry 10% of their body mass 

secured ta their torso while performing the standard Bosco 

Jump test. Power output in relative terrns (Wjkg) and 

absolute units (W) were calculated for test durations of 15 

and 60 seconds. 

When power output was calculated in relative terms 

(Wjkg), the magnitude of the power was significantly lower 

than in the other experirnental conditions. However, when 

power output was expressed in absolute terrns, it was found 

that no significant dlfferences existed between the Standard 

Bosco test values and the 10% Added Mass condition over 15 s. 

In the 60 s tests, the Added Mass condition produced 

signi f icantly lower power output compared to the Standard 

Bosco test. 

An explanation for the lawer calculated power output was 

suggested by Davies and Young (1984). They used a force 

platform to rneasure force during single countermovement 

vertical jumps when the subjects were externally loaded with 

0, 5, 10, 15, 20, 25, and 30 percent of their body weight. 
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They faund that external loading decreased bath the average 

and peak power output. This finding was attributed to a 

reduction in velocity immediately prior to take-off. 

ln a study conducted by Van Soest et al. (1985) a 

comparison was made between single and double legged iumps. 

The variables measured were jump height and power output trom 

bath a single (non-preferred) leg and from bath legs. The 

results from this study showed that the mean net torques in 

the hip and ankle were higher in the single-Iegged vertical 

jump. The mean jump helght from the single non-preferred leg 

was 58.5\ cf that of a two-legged jump. The net power output 

of a single-Iegged jump accounted for more than 50% of that 

from the two-legged total. This study tound increased muscle 

activation in the vastus rnedialis muscle and gastrocnernius 

muscle during the single leg jumps. The authors suggested 

that when a jump i5 performed with both legs simultaneously, 

the leg extensor muscles and plantar flexor muscles are not 

activated maximally. 

In this study it was found that for the 15 s tests, the 

relative power output (W/kg) from the Standard Bosco test was 

14% higher than the power (W/kg} from the 10% Added Mass 

condition. When expressed in relative terms (W) the 

di fference decreases ta 5.6% between the two tests o'1er 15 s. 

When power output is calculated using the Bosco formula, 

heavier subjects may obtain a lawer power output scores if 

the score is expressed in W/kg. However, when the scores are 
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presented in absolute terms for the 15 s test, the difference 

between the tests is decreased if the subjects carry 

addi tiona 1 mass. For the shorter duration test (15 s) 1 

additiona1 body mass is less of a hinderance during 

performance th an in a longer test t60 s). This study cannot 

determine whether the 10% Added Body Mass condition in~reased 

activation of the 1eg extensor muscles and gastrocnernius 

muscles. Tt appears that for a reeiproca1 jump test, a 

duration of 15 s is tao short to effect tne power output when 

expressed in absolute terms. 

For the 60 s test, there were signi f icant di f ferences 

between the Standard Bosco test and the 10% Added Mass 

condition for both re.Lative (Wjkg) and absolute (W) power 

output. The lower power output for both W/kg and W ean be 

attributed to fatigue. Dun ta the lack of specifie training, 

many subjeets had diffieulty in completing the 60 s test. 

The fatigue from the 60 s test was j ncreased in the Added 

Mass condition. 

Added mass has been shown 

flight time per jump for tests 

ta significantly decrease 

of 15 and 60 s durations 

(Davies and Young, 1984). Added mass rnay increase mat time 

per jump because: (1) the subjects require additional time ta 

stabilize and balance while reaching a knee angle of 90°, (2) 

require increased t ime for the chemo-mechanical conversion of 

energy ta compensate for the addi tiona 1 load 1 and (3) the 

elastic recoil potential may have been exceeded and i ts 
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effect reduced (Cavagna et al., 1971; Asmussen and Bonde-

Petersen, 1974; Saltin, 1973; Bosco et al. 1 1987). The 

summation of lower flight times per jump and increased mat 

time would account for a signiticantly lower percent flight 

time for the Added Mass condition. 

5.3 Condition 3: Rapid Jumping Test 

The Rapid Jumping condition was ùesigned to measure 

power output when the subjects were given specif ie 

instructions to maximize fI ight time and reduce mat time. 

This condition was the only condition where feedback to 

obtain 90" at the knee was withheld. The Rapid Jumping 

condition demonstrated the highest relative (VI/kg) and 

absolute (W) power output scores among the four tests. The 

power output in the Rapid Jumping condition was signi f ican't l y 

higher than that achieved from the Standard Bosco test 

condition. The Rapid Jumping test was the only experimental 

condition that obtained power output scores comparable to 

those cited in Table 17. 

The formula for power output derived by Bosco et al. 

(1983b) lS: 

Power Output VI/kg == 9.8 2 
)( T.~~. since fI ight time is 

4(n) (T~-T<) 

located in the numerator and mat time in the denominator, a 

strategy whieh produces high flight time and lo~ mat times 

• would influence the power output scores. In this study, a 
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reduction in mat time in the Rapid Jumping condition produced 

the highest power output values. since the subjects were not 

corrected for knee flexion, it was found that they lumped 

more frequently cturing the tests at bath test durations (15 

and 60 s). Al though the subjects ]umped more frequently, 

they produced a similar score for the variable - flLght time 

per jump in the Rapid Jumping candi tian compared ta the 

Standard Bosco jump test. The instructions provided ta the 

subjects were ta minimize mat tirne. In the lS s test, mat 

time per jump decreased from .61 s per jump in the Standard 

Bosco jump condition ta .45 s per jump for the Rapid Jumping 

condition. For the 60 s test, the mat time decreased from 

.77 ta .47 s/jump. 

The Rapid Jumping conditio~ demonstrated the influence 

of strategy on the power output scores and the need to 

standardize the instructions given ta the subjects. It is 

also necessary to insure that when th~ subjects perform the 

Bosco jump test, that the correct knee ang le is achieved 

between each j ump. If knee angle is nct closely observed, 

subjects who select a better strategy in relation ta the 

Bosco formu]a will achieve higher power output scores. 

5.4 Condition 4: Cadence Jumping Test 

The purpose for the Cadence Jumping test was ta examine 

power output when the number of jumps the subjects performed 

was held constant. Tests using 15 jumps and 60 jumps 
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represent the typical frequency of jumping for tests of 15 

and 60 seconds duration. The 15 jurnp test was pertormed at 

a sel f-selected pace. The test duration theretore was 

different for each subject. When subjects selected their own 

jump frequencies, the 15 jump test produced similar power 

output scores as the Standard Bosco test. The flight time 

per jump, mat time per )ump, and percent air time were 

similar ta that obtained in the Standard Bosco test. When 

the subjects chose their own cadence for 15 jumps and 

maintained a knee flexion angle of 

significant difference between the 15 

Standard Bosco test. 

90° 1 there was no 

j ump tes t and the 

The 60 s jump test was perforrned at a frequency of one 

jump per second for 60 jumps. The relative power output 

(Wjkg) and absolute power output (W) were significantly lower 

than the Standard Bosco test. The variables - mat time per 

jump and flight tlme per jurnp were both signiticantly 

different from the Standard Bosco test. The flight time per 

jurnp and mat tirne per jurnp were bath lower than the Standard 

Bosco test. Adherence to a cadence of one jurnp per second 

was restrictive and prevented subjects from obtaininq a high 

power output, even though the mat time per jump was lower in 

this condition than in the standard test. The pre-selected 

pace reduced the mean flight time jump in the Cadence Jumping 

condition. Placing subjects on this cadence frequency was 

not benef icial for the production of higher power output 

scores. 
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5.5 Variable Correlations 

The variables T.jJ, TJJ, and % T. were correlat.ed with 

the power output scores at 15 and 60 s. The relationship 

between the 15 s and the 60 s power output scores for the 

Standard Bosco test was .70. The correlations far T.j5 and 

% T. with the 15 s power output (W/kg) scores was .95 and .83 

respectively. For the 60 s test the relatianship between 

T,jJ and % T. with power output (Wjkg) was .89 and .72 

respectively. 

The high correlation between TfjJ and % T, wi th power 

output suggest that these variables are representative of the 

power production in the se subjects. 
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Chapter VI 

Summary, Conclusions and Recommendations 

6.1 Summary 

The purpose of this study was to examine the variables, 

power output (W/kg), power output (W) 1 flight time per iump 

(5), mat time per jump (s), and percent fight time (%) when 

the Bosco jump test w~s performed under four conditions: 

1 ) the Standard Bosco ,Jump Test 

2 ) the 10% Added Body Mass Condition 

J ) the Rapid Jumping Test 

4 ) the Cadence Jumping Test 

The Standard Bosco Jump test was administered to 

subjects as described by Bosco et al. (1983b). The 10% Added 

Body Mass condition consisted of the subject performing the 

Standard Bosco Jurnp test while wearing a vest containing 10% 

of their body rnass (± 0.01 kg) securely fastened ta their 

torsa. For the Rapid ,Jumping candi tian 1 the sub jects were 

instructed ta rnaximize flight time and minirnize mat time 

during the test. The Cadence Jumping test was irnplemented by 

the subjects jumping at a self selected cadence for 15 jumps 

in the first test condition. For the second test condition, 

a frequency of one jurnp per second for 60 jumps was 

performed. Each of the four test conditions was perfarmed at 

test durations of 15 s (or 15 jumps) and 60 s (or 60 jumps). 
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The subjects were 26 physical education students from 

MeGill University and were not part of a specifie sports 

team. The subjects performed a total of eight tests. Four 

tests were conducted at a duration of 15 s (or 15 ]umps in 

the cadence test). The remdining four tests were performed 

by the subjects for a duration of 60 s (or 60 jumps in the 

cadence test). Each test session consisted of a 1~ s test, 

a five minute rest and a 60 s test. The order of the tests 

were randomly assigned with a 15 s test always preceding a 

60 s test. 

The statistical procedure was a one-way analysis of 

variance with repeated measures. À series of planned 

compar Isons were conducted to ana 1 y ze the fi ve dependent 

variables between the Standard Bosco Jump test and the three 

experimental conditions. 

The f irst hypothesi s of thi s study stated that there 

would be no significant differences in power output (W/kg) 

between the Standard Bosco test and the three experimental 

conditions during tests of 15 and 60 second duration. The 

one-way analysis of variance for the cornpar isons a t 15 s 

between the standard Bosco test and the 10% Added Body Mass 

condition revealed a F-ratio of 19.7 which was significant at 

the 0.05 level. In this comparison, the standard Bosco test 

generated higher power output values (Wjkg) than the 10% 

loaded candi tian. The second comparison was made between the 

Standard Bosco test and the Rapid Jumping candi tian. The 
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Rapid Jumping condition produced power output values which 

were significantly (F = 11.7 ; P < 0.05) greater than the 

Standard test. For the comparison between the C\3dence 

Jumping test and the Standard test, no signlficant difference 

was found. The power output (W/kg) achieved in the 60 s test 

in the 10% Added Mass condition, the Rapid Jumping test, and 

Cadence Jumping test were all significantly different from 

the scores produced by the 60 s Bosco test. F--values of 

36.3, 19.2 and 5.3 were found for each respective comparison. 

The second hypothesis of this study sta_~d that there 

would be no significant differences between the absolute 

power output (W) from the Standard Bosco test and the three 

exper~mental conditions during tests of 15 and 60 s duration. 

For the comparison between the Standard Bosco test and the 

10% Added Body Mass condition, an f-value of J.8 was 

produced. This value was not significant at the 0.05 level. 

The Rapid Jumping test produced significantly (F-ratio == 

11.6) greater power lJutput values (W) than the Standard Bosco 

test. There was no significant difference in power output 

values between the Cadence Jumpi ng test and the Standard 

Bosco test. 

The third hypothesis of this study stated that there 

would be no significant difference in flight time per jump 

(s) between the Standard Bosco Jump test and the three 

experimental conditions during tests of 15 and 60 s in 

duration. When the Standard Bosc) test was compared ta the 
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10% Added Body Mass condition, an f-value of 8.5 was obtained 

for the 15 s test. Flight time per jump was lower in the 10% 

Added Body Mass condition than in the standard Bosco test. 

For the comparisons between the Standard Bosco test with the 

Rapid Jumping test and the Cadence Jumping test there were no 

significant differences for the variable, flight time per 

jump. 

The fourth hypothesis of this study stated that there 

would be no signif icant differences ln mat t ime per jump 

between the Standard Bosco Jump and the three experimental 

conditions during tests of 15 and 60 s durations. There were 

significant differences between the Standard Jump test with 

( 1) the 10% Added Body Mass condition and (2) the Rapid 

Jumping condi tian wi th F va lues of 12.4 and 24.5 

respecti vely. The Cadence Jumping test did not diffel-entiate 

significantly from the Standard Bosco Jump test. 

The f if th hypothesis stated that there would be no 

significant difference in percent flight time (%) between the 

standard Bosco test and the three experimental conditions 

during tests of 15 and 60 second durations. Analysis of this 

variable revealed that the 10% Added Body Mass condition and 

the Rapid Jumping test condition were significantly different 

from the Standard Bosco test (F-values of 42.0 and 20.4 

respecti vely) . The Cadence Jumping test was not 

statistically different from the Standard test for the 

variable, percent flight time. 
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6.2 Conclusions 

wi thin the limitations oJ this study the following 

conclusions are warranted: 

1) Compared ta the Standard Bosco test, the Rapid Jumping 

test had a higher power output (W and W/kg) , a higher T, 

(%), a lower Tm/Jump, and similar T./Jump for 15 seconds. 

2) Compared to the Standard Bosco test the Rapid Jumping test 

had a higher power output (W and W/kg) , a higher T! (%), 

a lower T./Jump, and similar T,/Jump for 60 seconds. 

3) Compared to the Standard Bosco test, the Cadence Jumping 

test had a s irni lar power output (W and W/kg) 1 T,jJump 1 

Ta/Jump, and T. (%) for the 15 second test. 

4) Compared ta the Standard Bosco test, the Cadence Jumping 

test had a lower power output (W and W/k.g) 1 a lower 

Tf/Jump, a lower T./Jurnp, and similar T. (%) for the 60 

second test. 

5) Cornpared to the Standard Bosco test, the 10% Added Body 

Mass condition had a lowar relative power output (W/kg), 

similar absolute power output (W) 1 lower Tf/Jump, lower T, 

(%), and higher ~/Jump for the 15 second test. 
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6) Campared ta the Standard Bosco test, the 10% Added Mass 

condition had a lower relative and absolute power output 

(W/kg), lower T~/Jump, lower Tt (%), and similar T./Jump for 

the 60 second test. 

6.3 RecODDendations 

1) Whenever the Standard Bosco test is administered, it 1s 

important te interpret such variables as Tf/Jump, T./Jump 

and T. (%) in addition to power output (W and W/kg). If 

knee flexion is not maintained at 90° between each jump, 

then decreasing mat time will increase the power output 

score. 

2) Since added mass was shown to be detrimental to 

performance of the Bosco test, the Body composition of the 

athlete must be considered when interpreting the power 

output score and the TflJump scores. 
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