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J, Pyfer 
(Institutional Representative) 

Weston, Joan. A Study of Biomechanical Variables in the 
Countermovement Jymp and the Qrop Jymp Performed by Female 
Intercollegiate Athletes. PhD. in Physical Edcuation, 1992, 
146 pp. (J. Wilkerson) 

The purpose of this study was to investigate differences in 

selected biomechanical parameters during countermovement (CMJ) 

and drop (DJ) jumps. A secondary purpose was to descriptively 

compare the performances of the two jump conditions. Two 

sagittal view high speed videocameras filmed 25 female 

intercollegiate basketball and volleyball athletes performing CMJs 

and DJs. One CMJ, one DJ, and a static squat jump matched with 

each jump condition were selected and analyzed. A two factor 

repeated measures ANOVA was used to analyze the jump conditions 

performed by two sport groups. Based on the results of the 

statistical analysis, it was concluded that: (a) both sport group's 

body center of mass descended faster during the DJ (~ < .0001) and 

further during the CMJ (Q. .0007), and the volleyball group descended 

faster (~ .003) and further (~ < .0001) under both jump conditions; 

(b) eccentric (~ < .0001) and concentric (g. .001) time periods were 

longer for the CMJ for both sport groups; (c) the percentage of 
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simultaneity and utilized stored elastic energy were not 

significantly ~ifferent for either jump condition or sport group; and 

(d) peak jump heights were similar for jump conditions and sport 

groups. 

Descriptive statistics were computed on demographic data and 

five kinematic variables. The two sport groups were similar in 

demographic profile. Based on the statistical results it was 

concluded that: (a) knee and hip flexion remained relatively 

consistant within 1 QO of 1.57 rad (9QO) for all conditions except 

volleyball's CMJ, and CMJ's hip flexion was greater; (b) CMJs 

followed a proximal. to distal sequential pattern, whereas, the DJs 

had no definable pattern; (c) CMJ's first time delays were shorter 
,. 

than the second, whereas, DJ time delays were inconsistant; 

(d) CMJ;s segmental maximum velocities were higher; and 

(e) shared positive contributions between the trunk and thigh were 

greater than the thigh and shank. 
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CHAPTER1 

INTRODUCTION 

The vertical jump has been considered an integral part of many 

sport skills. The vertical jump which is incorporated into sport 

skills has a counter motion downward prior to the explosive upward 

motion, hence, it is termed a countermovement jump (CMJ). Many 

volleyball and basketball skills contain vertical jumps which are 

performed with bilateral symmetry of the lower extremity joints 

and are executed from a two-footed takeoff. Therefore, improved 

vertical jump performance is believed to enhance the overall 

capabilities of the athlete in the specific sport skill. In order to 

improve vertical jump ability, most training programs for 

volleyball and basketball players include jumping exercises or 

drills. 

In order to improve the vertical jump, plyometric drills which 

are based on the stretch-shortening cycle of muscle contraction 

are used to increase the muscle capabilities in an explosive 

concentric contraction. The drop or depth jump (OJ), which is a 

vertical jump preceded by a vertical drop, is a plyometric technique 

that was developed as a training method in Russia in the 1960's 

(Verhoshanski, 1966). DJ plyometric drills are used by female and 
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male athletes of varying ages to increase vertical jump 

performance. A concern of ,the investigator was the 

appropriateness of OJ training techniques for female and male 

performers of all ages and skill levels. It was the comparison 

between these two jumps, the CMJ and OJ, that was studied this 

investigation. 

The CMJ and OJ have been used to study the stretch-shortening 

cycle of muscle. The stretch-shortening cycle of muscle 

contraction theory proposed that stretching a muscle undergoing an 

eccentric contraction increased the force of the subsequent 

concentric contraction (Cavagna, 1977; Komi, 1984). The OJ 

increased the load on the leg extensor muscles during the stretch 

or eccentric phase.·· During a DJ, the increased· velocity of stretch 

and the flexion moments at the lower extremity joints enhanced 

the stretch portion of the eccentric-concentric cycle of 

contraction (Komi, 1984). Contradictory conclusions were found in 

studies comparing CMJs and OJs. Some researchers have reported 

that vertical jump height increased as the height of the drop and 

the velocity of stretch increased (Asmussen & Sonde-Petersen, 

1974; Komi & Bosco, 1978). However, in the Bedi, Cresswell, Engel 

and Nicol study (1987), the CMJ produced the highest vertical 

projection. The authors' explanation for the difference in the 

findings was attributed to subjects who were not as highly skilled 

as the subjects of the previous studies (Bedi, et al., 1987). In this 



study, the variance in the vertical projection height between the 

CMJ and the DJ was observed in female intercollegiate athletes. 

The muscle stretch-shortening cycle within the CMJ and OJ has 

provided information about the utilization of stored elastic energy 

in human performance. Within the stretch-shortening cycle, the 

series elastic component of muscle is stretched during the 

eccentric phase and is allowed to recoil during the concentric 

phase. Komi (1984) suggested that part of the increased force in 

the subsequent concentric contraction was attributed to the 

utilization of stored· elastic energy in the form of . elastic recoil. 

Stored elastic energy has been investigated using female and male 

subjects performing CMJs and DJs (Asmussen & Sonde-Petersen, 

1974; Komi & Bosco, 1978; Bosco, Tihanyi, Komi, Fekete & Apor, 

1982; Hudson, 1981; Hudson & Owen, 1985). Contradictory 

conclusions were presented regarding the amount of utilized stored 

elastic energy and the female-male differences in utilization of 

stored elastic energy. Komi and Bosco (1978) suggested that 

females were able to utilize a greater amount of stored elastic 

energy than males, whereas, Hudson & Owen (1985) reported higher 

percentages of utilized stored elastic energy for males and greater 

variance in utilization of stored elastic energy among female 

subjects. The question of utilization of stored elastic energy in 

female intercollegiate athletes was addressed in this 

investigation. 
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OJ research results have identified two DJ techniques (Bosco, 

Tihanyi, Komi, Fekete & Apor, 1982; Bobbert, Mackay, 

Schinkelshock, Huijing, & Van lngen Schenau, 1986). These two 

techniques differ in range of motion at the lower extremity joints 

and the duration of the eccentric and concentric phases (Bosco et 

al., 1982). One technique, the bounce drop jump (BDJ), utilized 

small amplitude joint actions and a quick rebound time (Bobbert et 

al., 1986). The second technique, the countermovement drop jump 

(CDJ), was similar to the CMJ. It had larger ranges of motion at the 

lower extremity joints and longer time phases (Bobbert et 

al.,1986). Subjects of these two studies which identified the two 

DJ techniques were limited to males. A premise of this 

investigation was .·to observe the DJ technique chosen by the female 

athletes participating in this study. 

The vertical jump has been studied to identify the lower 

extremity joint sequence that produced the superior jump 

performance. Atwater (1979) suggested that the vertical jump 

projected the body by developing the explosive power from a 

sequential pattern of joint actions which progressed from proximal 

to distal in the lower extremity joints. Kreighbaum and Bartels 

(1985) concluded that the vertical jump would be performed by 

simultaneous joint actions at the lower extremity joints. Hooper 

(1973) and Hudson (1986) suggested that a modified simultaneous 

pattern may be used in the vertical jump. During the modified 

simultaneous pattern, the backward rotation of the trunk preceded 
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the simultaneous· extension of the knee and ankle. The rationale for 

the delay in knee and ankle extension was that further loading 

occurred on the knee and ankle extensors as a result of the reaction 

force of the trunk motion {Hudson, 1986). Hudson {1986) considered 

the percent simultaneity .of lower extremity joints and the shared 

positive contribution.· of adjacent segments as indicators of 

coordination. 

Due to the contradictory conclusions of previous CMJ and OJ 

research and the lack of information regarding DJ techniques of 

females, this investigation compared the CMJ. and DJ on the 

following biomechanical variables: {a) loading factor variables 

including maximum downward velocity of the body's center of mass 

(COM), descent distance of the body's COM, and eccentric time period; 

(b) extension phase. variables encompassing the concentric time 

period, the degree of lower extremity segment simultaneity, and the 

amount of utilized stored elastic energy; and {c) the vertical 

projection height resulting from the extension phase. In order to 

compare the CMJ and DJ techniques employed by female 

intercollegiate athletes the following descriptive variables were 

observed: {a) degree of flexion at the lower extremity joints during 

the countermotion, {b) temporal segmental extension sequences in 

the lower extremities, {c) time delays between the segmental 

extensions of the lower extremities, {d) maximum lower extremity 

segmental velocities, and {e) shared positive contribution of the 

adjacent lower extremity segments. 
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Purpose of the Study 

The primary purpose of this study was to determine if there are 

differences between the CMJ and the DJ in the following selected 

biomechanical variables: (a) maximum downward velocity of the 

body's COM during the countermotion, (b) descent distance of the 

body's COM during the countermotion, (c) time periods of the 

eccentric and concentric phases, (d) percentage of simultaneity 

among the lower extremity segments during the concentric phase, 

(e) amount of stored elastic energy utilized by the leg extensor 

muscles, and (f) peak vertical projection height of the body's COM. 

The secondary purpose of this study was to descriptively 

compare the CMJ and the DJ in the following kinematic variables: 

(a) knee and hip joint angle at the lowest point of the 

countermotion, (b) temporal extension sequence of lower extremity 

segments, (c) two· time delays between the first and second 

segments and the second and third segments, (d) maximum 

extension velocities of the lower extremity segments excluding the 

foot, and (e) the shared positive contribution between adjacent 

segments of the trunk, thigh and shank. 



Statement of the Problem 

The problem of the study was . to identify differences between 

the CMJ and the DJ in female intercollegiate athletes between the 

ages of 18-23 years in the central Kentucky area. The differences 

in performance between the CMJ and the DJ were determined by 

evaluating the timing of adjacent segments' extension and amount 

of concurrent extension in lower extremity segments. The time at 

which each segment initiated extension provided the information to 

determine temporal sequence. The amount of extension overlap 

between adjacent segments provided information regarding the 

simultaneity and shared positive contribution of the segments. The 

time period over which extension occurred at any lower extremity 

segment through takeoff was designated as the total extension 

time. The degree of simultaneity was calculated as the percentage 

of the time period over which all three segments were accelerating 

divided by the total time over which at least one segment was 

accelerating. 

The peak downward velocity of the body's COM and the length of 

time of the eccentric phase were indicators of the degree of 

loading that resulted from the preliminary countermotion under 

both jump conditions. The maximum segmental extension 

velocities and the concentric time period duration reflected the 

capability of the muscles to generate force under the two stretch 

conditions of the eccentric phase. 



To help clarify the differences between CMJ and OJ, additional 

data were collected on: (a) the smallest joint angle at the hip and 

knee during the countermotion, (b) the temporal sequence of initial 

extension of trunk, thigh shank and foot, (c) the time delays 

between initial extension for the segments, (d) the maximum 

extension velocities of the lower extremity segments, and (e) the 

shared positive contributions between adjacent segments. These 

data were collected and presented solely for descriptive purposes. 

Definitions and/or Explanation of Terms 

The following definitions and/or explanations are presented to 

clarify the terms or variables in the proposed study. 

Bounce prop Jump (BDJ): A quick rebound from a drop that uses 

small angular displacements at the hip and knee during the 

countermotion (Bobber!, Mackay, Schinkelshock, Huijing, & Van 

lngen Schenau, 1986). 

Concentric Phase <extension phase): The time period that begins 

with the initial rise in the body's COM and concludes with 

negligible forceplate readings. 

Countermovement Drop Jump (CDJ): A vertical jump from a drop 

that uses large angular displacements at the hip and knee during 

the downward motion (Bobbert, Mackay, Schinkelshock, Huijing, & 

Van lngen Schenau, 1986). 

Countermovement Jump (CMJ): A vertical jump that is preceded 

by a downward motion prior to the upward motion. 

0 



Descent Distance of COM: The distance that is measured by the 

difference in the height of the COM during standing and the height 

at the lowest point during the countermotion. 

Drop Jymp (DJ): A vertical jump that is preceded by a 25 em 

drop from a height. 

; Jump Conditioned Athlete: The individual has been in a jump 

training program to enhance jumping ability. The athletes were 

conditioned for a minimum of 16 weeks utilizing a weight training 

program for the legs and circuit program involving jump and reach 

series, jumping rope, and stair running. 

Eccentric Phase: For the DJ, the phase consisted of the time 

between ground contact and lowest height of the body's COM. For 

the CMJ, the phase was determined by the time between the initial 

decrease in body weight to the low point reached by the body's COM. 

. Extension Time Delay: The time elapsed between initial 

extension of adjacent segments (Hudson, 1986). The magnitude of 

the time difference indicates the degree of sequentiality. 

Eorceplate: A Kistler force platform, which uses piezoelectric 

type transducers, detected three orthogonal forces acting 

simultaneously on the plate surface. 

Ground Reaction Force (GRF): A counterforce to the body 

provided by the ground against the body. 

Leg Extensors: The groups of muscles that produced extension at 

the hip, knee, and ankle and oppose flexion at the aforementioned 

joints. 
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Maximum Downward COM Velocity: The peak negative vertical 

velocity reached by .the body's center of mass. 

Mechanical Energy: A sum composed of potential, translatory, 

and rotational kinetic energies. 

Negative Work of Muscles: The work done by muscles during 

eccentric contraction to slow or stop the downward motion. 

Posjtjye Work of Muscles: The work done by the muscles during 

concentric contraction to cause upward motion . 

Power Phase: The phase began with extension in one or more of 

the !ower extremity joints and ended at the instant the ground 

reaction forces ceased to be recorded by the forceplate. 

Shared Posjtjye Contribution: The percent that resulted from 

dividing .the time over which two adjacent segments are 

accelerating by the time over which at least one lower extremity 

segment is accelerating (Hudson, 1986). 

Simultaneous Contribution: The percent of total time that all 

three lower extremity segments were accelerating in extension 

during the concentric period (Hudson, 1986). 

Static Jump: A vertical jump performed from a held squat 

position. 

Stored Eastic Energy: The mechanical energy that was stored 

during the eccentric phase and subsequently used during the 

concentric phase (Asmussen & Sonde-Petersen, 1974). 



Unwejghting Phase: The phase was determined by the time 

period that the forceplate downward forces were less than body 

weight. 

Research Questions 

The following research questions were addressed in the study: 

1 . What are the differences between the CMJ and OJ in hip and 

knee joint angles at the low point of the countermotion? 

2. What are the differences between the CMJ and the DJ in 

temporal segmental sequence in female athletes? 

I I 

3. What are the differences between the CMJ and OJ in the time 

delays between the segmental extension in female athletes? 

4. What are the differences between the CMJ ·and OJ in maximum 

segmental extension velocities in female athletes? 

5. What are the differences between the CMJ and OJ in shared 

positive contributions of adjacent segments in female athletes? 

Hypotheses 

The following null hypotheses were tested at the .01 level of 

significance. 

1. There is no significant difference between the CMJ and the OJ 

in the maximum downward velocity of the body's COM during the 

preliminary countermotion of the jump in female athletes. 

2. There is no significant difference between the CMJ and the OJ 

in the descent distance of the body's COM during the 

countermotion in female athletes. 
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3. There is no significant difference between the CMJ and the DJ 

in the eccentric phase time period in female athletes. 

4. There is no significant difference between the CMJ and the OJ 

in the concentric phase time period in female athletes. 

5. There is no significant difference between the CMJ and the OJ 

in the percentage of simultaneity of lower extremity segment 

extension in female athletes. 

6. There is no significant difference between the CMJ and the OJ 

in the percent stored elastic energy utilized during the power 

phase in female athletes. 

7. There is no significant difference between the CMJ and OJ in 

peak vertical projection height in female athletes. 

Delimitations 

The delimitations of the study were: 

1. The subjects were female basketball and volleyball 

athletes between the ages of 18 and 23 years who played for 

a Division 1 or JJ college or university in the central Kentucky 

region. 

2. Athletes were within 12% to 27% body fat determined by 

the sum of triceps, iliac crest and thigh skinfold 

measurements. 

3. A drop height of 25 em was selected as a result of athlete 

preference and vertical projection height in a pilot study. 

4. Subjects used the type of shoes which were supplied to the 

team for training purposes. 
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Limitations and Assumptions 

The limitations of this study are presented in numbers 1 and 2. 
< 

The assumptions basic to the study are expressed in the statements 

3 through 5. 

1. Neurological and physiological aspects of the leg extensor 

muscles were not considered. ,, 

2. The calculated stored elastic energy of CMJ and DJ may be 

low because of the use of the static jump (SJ) for baseline 

data. 

3. The assumption was made that jump consistency was 
'<·,· 

established with , three to four practice jumps. 

4. A maximum effort was exerted with each jump 

performance. 

5. Jumps utilized bilateral symmetry. 



CHAPTER II 

REVIEW OF RELATED LITERATURE 

The purpose of the present study was to investigate the 

differences between the CMJ and the OJ using selected 

biomechanical variables. Hence, the literature and research studies 

reviewed pertained to the following topic areas: (a) various forms 

of jumping used for training purposes, (b) different jump 

techniques utilized in the CMJ and OJ, {c) effects of loading factors 

applied to the stretch-shortening cycle during vertical jumping, 

and (d) utilization of stored elastic energy during 

eccentric-concentric muscle activities. 

Vertical Jump Training Methodology 

In the last decade, improvement of vertical jump performance 

has been achieved through weight training with heavy resistance, 

isokinetic exercises and plyometric exercises. lsokinetic training 

techniques allow the muscles to exert maximal force throughout 

the entire range of motion for each repetition, whereas, plyometric 

training utilizes the muscles' stretch-shortening cycle by loading 

the eccentric phase of muscle contractions. According to Wilt 

{1975), the plyometric exercise was based on the principle of 

specificity applied to the eccentric phase prior to the explosive 

concentric contraction. Blattner and Noble (1979) compared an 
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isokinetic training method using a leaper machine to a plyometric 

training program involving depth jumps with college males. The 

results of this study indicated that both training methods improved 

the vertical jump performance, however, neither method was 

superior to the other. In strength/power training, Hakkinen and 

Komi (1985) concluded that high load strength training changes the 

force parameter of the force-velocity curve, whereas, specific 

jumping exercises change the velocity parameter of the 

force-velocity curve. According to Komi (1986), one purpose of 

strength/power training was to enhance the utilization of muscle 

stiffness under short range of the stretch cycle of muscular 

contraction. For the purpose of strength development Bobbert, 

Huijing, and Van lngen Schenau (1987a) suggested that the BDJ 

would be superior to the CDJ in a DJ training program, because 

greater joint moments and power outputs would be generated. If 

the jump technique within the specific sport skill was not 

performed using a quick bounce action, perhaps a BDJ training 

program would interfer with the coordination of the jump pattern 

of the specific sport skill (Bobbert, 1990). 

Steben and Steben (1981) used pi yo metric training techniques 

with 160 junior high school aged girls (80) and boys (80) in order 

to determine if the training method was applicable to various age 

groups and sexes. A second purpose of the study (1981) was to 

ascertain if the training technique enhanced the jump performance 
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due to the specificity of the drills. · They compared the effects of a 

general exercise program to selected types of track drills on high, 

long, and triple jump performance. The plyometric techniques 

which were specifically designed to improve the high, long, or 

triple jump, were depth jump drills, box drills, or 

flexibility-agility exercises. The data were analyzed by a repeated 

measures ANOVA 4 X 2 X 2 X 2. The improvement in performance of 

the three criterion jumps was partially attributed to increases in 

strength: The specific drill which was designed to improve a 

particular type of jump did result in the greatest improvement in 

that particular jump. Hence, the researchers concluded that 

specificity was an · important aspect of training from a 

physiological and motor control point of view. Since track and 

field stretch-shortening drills for explosive power are performed 

at maximum velocity, the increased contraction force was 

attributed to muscle elastic properties rather than the stretch 

reflex. The implication was that there was not enough time for a 

reflex mechanism to augment the performance. 

While investigating seven plymometric exercises designed for 

improving the flop-style high jump, Aura and Viitasalo (1989) used 

4 male track and field jumpers whose mean age was 23 years. 

Comparisons between the means for the concentric and eccentric 

phases were made on the ground contact time, ground reaction 

forces, and knee angular velocities data. Correlation coefficients 
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between the integrated electromyography (IEMG) and the force, 

time, and angular velocity parameters were determined. The high 

correlations between the precontact and the eccentric IEMGs were 

interpreted as a reflection of the preset muscle stiffness which 

was needed for the peak external forces occurring in the first 
~ 

18-26 ms after ground contact. These conditions in the muscle 

allowed for good use of elastic recoil. Aura and Viitasalo (1989) 

reported that the exercises with forward momentum of the body 

had peak ground reaction contact forces between 6.5 and 10.5 Gs, 

whereas, the flop-style jump take-off peak ground reaction force 

was 9.0 Gs. 

For the purpose of identifying the rationale for OJ training for 

improvement of the volleyball spike, Jensen and Russell (1985) 

compared 3 female volleyball players performing a volleyball spike 

from an "open-close" approach and OJs from a variety of heights. 

With regard to knee joint range of motion, 2 of the 3 subjects 

demonstrated larger knee joint amplitudes over a short eccentric 

time period for OJs which was similar to the volleyball spike 

approach. By comparing the 3 female volleyball players, they found 

that the best OJ had knee flexion and extension velocities similar 

to the volleyball spike approach. However, the OJ performance 

changed at the higher drop heights, especially the height of 106 em. 

These investigators suggested that DJs may be effective as a 

teaching tool for muscle stiffness which is related to utilization 
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of stored elastic energy. But the use of extreme drop heights was 

not recommended. for teaching purposes . 

. :>· In an. article which reviewed DJs for the training purpose of 

improved jump height, :Bobber! (1990) stated that a jump training 

program should progress from regular jumping exercises to a 

weight training program, especially for those who had not used 

weight training, and finally to a DJ program. He suggested that for 

the skilled jumper whose coordination was perfected the emphasis 

. probably should be placed on increasing the power output. However 

.· for the unskilled jumper, the primary purpose should be developing 

· the coordination of the jumping technique. Since research has 

found two distinctly different OJ techniques (Bobber! et al. 1986; 

Bobbert et al. 1978a), Bobber! (1990) proposed that the bounce OJ 

· (BOJ) would be more appropriate to improve power output, whereas, 

the countermotion OJ (CDJ) would be more suited to develop the 

, coordination of jumping techniques which are used in sport 

performance. 

Vertical Jump Kinematic Analysis 

Many jump studies have compared the CMJ and OJ for a variety of 

reasons which include kinematic variables, kinetic variables, 

utilization of stored elastic energy, and training considerations. 

One kinematic variable used to compare the two jump techniques 

was the amount of knee and hip flexion during the countermotion. 

Since a controversy existed in the literature between the temporal 
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segmental pattern used to produce a ballistic motion, the next 

kinematic variables to be discussed were the temporal segmental 

sequence and the time delays between segmental extension. 

Another variable that appeared to be important in the jump pattern 

was the maximum segmental extension velocities which varied 

among skilled and unskilled women and between male and female 

subjects. 

Asmussen and Sonde-Petersen (1974a) as well as Komi and 

Bosco (1978) observed that generally their subjects, who were both 

male and female, used approximately 1.57 rad (900) of knee flexion 

at the low point of a vertical jump, therefore in the CMJ and DJ 

studies the subjects performed the static jump from a position of 

1 .57 rad (900) of knee flexion. The actual amount of knee and hip 

flexion at the bottom of the countermotion was not reported by 

Asmussen and Sonde-Petersen (1974a) or Komi and Bosco (1978). 

In both the Bobbert, Mackay, Schinkelshock, Huijing, and Van lngen 

Schenau (1986) and the Bobber! et al. (1987a) studies the knee 

flexion at the end of the countermotion was reported for both the 

CMJ and the DJs. In the Bobbert et al. (1986) study 13 male 

handball athletes, whose mean age was 24 years, performed a CMJ 

and a DJ. The two jump conditions, the CMJ and DJ, were 

statistically analyzed by Student's t-test. Since there was such 

variation in the DJ technique, the researchers divided the subjects 

into two groups according to their performance of the DJ. One 
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group of 6 subjects performed the OJ similar to the CMJ and the 

other group of 7 performed the DJ with a quick bounce rebound. The 

CDJ group had knee flexion of 1.34 rad (76.80) and hip flexion of 

1.21 rad (69.30) for the CMJ and knee flexion of 1.32 rad (75.60) and 

hip flexion of 1.38 rad (79.1 O) for the CDJ. However, the BDJ group 

had knee flexion of 1.48 rad (84.80) and hip flexion of 1.44 rad 

(82.50) for the CMJ, and knee flexion of 1.76 rad (1 00.80) and hip 

flexion of 2.06 rad (118.00) for the BDJ. 

In the Bobber! et al. (1987a) study, 10 male volleyball players, 

whose mean age was 23 years, performed a CMJ, a CDJ, and a BDJ. 

The three jump conditions were compared by Student's paired 

t-test. For the CMJ the flexion angles were 1.23 rad (70.50) and 

1.4 rad (80.20) for the hip and knee respectively, whereas, the CDJ 

had 1.74 rad (99.70) and 1.51 rad (86.50) for flexion at the hip and 

knee respectively, and the BDJ had 2.29 rad (131.20) and 1.93 rad 

(11 0.60) flexion at the hip and knee joints, respectively. 

Timing of segmental motion during ballistic activities has been 

studied extensively to determine commonalities and differences 

between individuals. Atwater (1979) concluded that motor 

activities, which were charactized as a projectile skills, followed 

a segmental sequence from proximal to distal. Luttgens and Wells 

(1982) maintained that the proximal to distal sequential segment 

movement pattern occurred with the more distal segment initiating 

motion at peak velocity of the adjacent proximal segment. The 
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possible explanation for the proximal to distal segmental sequence 

was that the more proximal segment's motion causes a reaction 

force which initially prevented the distal segment from moving 

(Hopper, 1973; Hudson, 1986; Bobber! & Van lngen Schenau, 1988). 

In a vertical jump study, Hudson (1986) reported that 5 highly 

skilled subjects initiated segmental extension with a proximal to 

distal pattern with short delays of around 25 ms between initial 

extension of adjacent segments. Bobber! and Van lngen Schenau 

(1988) found that 1 0 skilled male volleyball players between the 

ages of 20 to 23 years had similar proximal to distal segmental 

time histories in the final 330 ms of push off phase. After 

synchronizing the individual time curves in relation to the instant 

of takeoff, graphs of mean time and standard error of the means 

were compared on the following variables: (a) joint inclinations 

and angles; (b) angular segmental and joint velocities; 

(c) differences in vertical velocities between the proximal and 

distal joint landmarks; (d) net force moments of the ankle, knee and 

hip; and (e) net power output of the ankle, knee and hip. For these 

skilled male volleyball players, the average time delays between 

the initiation of segmental extension for the trunk and thigh, and 

thigh and shank were 60 and 70 ms, respectively. In a study using 

8 male subjects, Gregoire, Veeger, Huijing, and Van lngen Schenau 

(1984) examined mean time which indicated that the hip extended 



70 ms prior to the knee and the ankle plantar flexion followed the 

knee with a 15 ms delay. 

In 1986, Hudson studied 20 subjects, 10 females with a mean 

age of 21.0 years and 10 males with a mean age of 22.8 years. All 

subjects were either competing in jumping activities or distance 

running and were· considered to be lean using the sum of tricep, 

iliac crest and subscapular skinfolds. The distance runners were 

considered unskilled jumpers. A comparison of jumping techniques 

was made between skilled and unskilled performers. The 5 most 

skilled subjects predominantly used a proximal to distal segmental 

sequence with about a 25 ms delay between adjacent segments. 

The least skilled subjects did not necessarily proceed from 

proximal to distal in segmental extension sequence and the time 

intervals were approximately 60 ms between intersegmental 

extension. Hudson concluded that brief temporal delays between 

extension of adjacent segments was more critical to good 

performance than the sequential initiation of segment extension. 

In investigations by Gregoire et al. (1984), Hudson (1986), and 

Bobber! and Van lngen Schenau (1988), the maximum velocities of 

all lower extremity segments for the skilled subjects approached 

simultaneity. Gregoire et al. (1984) showed that maximum 

velocities at the hip, knee, and ankle were reached approximately 

25-30 ms prior to takeoff. At 30 ms before toe-off the male 

volleyball players obtained maximum angular velocities for all 



segments (Bobbert & Van lngen Schenau, 1988). The segmental 

velocities for the 19 male volleyball subjects in Bobber! and Van 

lngen Schenau's study (1988) were 3 radfs (171.90/s) for the trunk, 

8 rad/s (458.40/s) for the thigh and 8 rad/s (458.40/s) for the 

shank. These segmental velocities were obtained from a graph 

which made it difficult to get more definitive figures. The trunk 

reached a maximum angular velocity 190 ms prior to toe-off and 

maintained the velocity until the remaining segments developed 

maximum velocity. 

Hudson (1986) reported that the maximum segmental velocities 

were reached in a proximal to distal sequence with time delays of 

25 ms for skilled and 30 ms for unskilled subjects. Hudson divided 

her subjects according to the 5 most skilled and the 5 least skilled 

jumpers and presented graphs for segmental velocities with regard 

to skill. ·.The angular velocity of the skilled jumpers in Hudson's 

study were 3 rad/s (171.90fs), 6 rad/s (343.80/s), and 6 rad/s 

(343.80/s) for the trunk, thigh, and shank respectively, whereas, 

the unskilled jumpers' angular velocities were 3.2 rad/s 

(183.40/s), 6.5 rad/s (372.50/s), and 6.3 rad/s (361 °/s) for the 

trunk, thigh, and shank, respectively. The difference in the skilled 

and unskilled performers was the time periods over which these 

velocities were developed. The skilled jumpers achieved their 

maximum velocites in 170 ms, whereas, the unskilled jumpers 

reached their maximum velocities in 300 ms. 



Hudson (1986) expressed the amount of segmental simultaneity 

by a percentage.' The percentage was calculated by dividing the 

time period over· which all three segments were positively 

contributing by the total time period over which any one segment 

was contributing. Hudson found that, in general, performers had 

about 50% simultaneous positive contribution of all segments and a 

greater pre-simultaneous period than post-simultaneous period. In 

order to study degree of simultaneity of adjacent segmental motion 

Hudson devised a means of calculating percent of shared positive 

contribution. She reported mean shared positive contributions of 

65.3% between the trunk and thigh and 76.3% between the thigh and 

shank for all 20 subjects. Shared positive contribution of 50% or 

more was arbitrarily selected by Hudson to identify simultaneity, 

whereas, anything less than 50% was considered sequential. She 

additionally concluded that sychronization between the trunk and 

thigh segments was more important than between the thigh and 

shank segments. She proposed that the trunk and thigh force 

contribution was more important due to the larger mass of the two 

segments. 

The maximum downward velocity of the body's COM is a 

biomechanical variable which might indicate the load placed on the 

muscle during the eccentric phase of the jump. Hudson's 

unpublished dissertation (1981) compared four groups of 5 subjects 

who were between 18 to 28 years of age. The four groups were 
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divided by skill level and gender. Hence, the groups were skilled 

females, unskilled females, skilled males, and unskilled males. To 

determine if there were a differences between gender and skill a 

two-way ANOVA was used. She found a high degree of variability in 

the COM downward velocity within all the groups except the 

unskilled female group. The mean downward velocity of the body's 

COM for the skilled female subjects was 1.014 m/s with a standard 

deviation of .362 m/s, whereas, the unskilled women had a average 

downward velocity of .843 m/s with a standard deviation of 

.029 m/s. The unskilled male subjects in this study were similar 

to the skilled female subjects in downward velocity and were less 

variable. Hudson (1981) reported the range for the maximum 

velocity of the body's COM for the skilled female subjects was 

.60 m/s to 1.2 m/s and a mean of 1.01 m/s. 

In the Bosco and Komi study (1978), the downward velocity of 

the COM during the CMJ was presented for the entire group in a 

graph. For the 25 female and 16 male physical education subjects 

plus 16 elite male volleyball players, the range of maximum 

downward velocities of the bodys' COM was between .75 to 2.0 m/s 

during the countermovement jump. They did report that the mean 

downward velocity of 1.56 m/s for the volleyball players was 

faster than the physical education subjects. The conclusion drawn 

from the results of this study was that the COM's maximum 



26 

downward velocity was directly related to the COM's maximum 

upward velocity. ·' _- ;, 

The descent distance of the. body's COM was a variable selected 

to depict the range of countermotion which may reflect the degree 

of extensor muscle stiffness; . The descent distance was the 

difference between the standing height of the body's COM and the 

low point height of the· body's COM during the countermotion 

(Bobbert et al., 1986; Bobbert, Huijing, and Van lngen Schenau, 

1987a). In the Bobbert et al. study (1986) 13 male handball players 

whose mean age was 24 years performed a CMJ and a OJ. An 

analysis using a Student's t-test del'flonstrated that the DJs were 

significantly different and therefore the subjects were separated 

according to the two types of OJ. One OJ technique, the BOJ, was 

performed with small knee joint amplitudes and a quick rebound 

from the ground. The second OJ technique, the COJ, was similar to 

the CMJ in timing and knee joint range of motion. The descent 

distances of the body's COM were 35 em for the CMJ and 33 em for 

the COJ for the CDJ group (n=6), whereas, the bounce technique 

group's (n=7) descent distances were 33 em for the CMJ and 21 em 

for the BOJ. In the Bobber! et al. (1987a) 10 male volleyball 

players whose mean age was 23 years performed a CMJ and two 

types of OJs, and the data were analyzed by Student's t-test. The 

descent distances reported were 37 em for the CMJ, 25 em for the 

CDJ and 13 em for the BOJ (Bobber! et al., 1987a). 



Because short time periods for eccentric and concentric phases 

of the jump have been found to allow for greater utilization of 

stored elastic energy, the eccentric and concentric time periods 

were of interest to investigators (Komi, 1984, Bosco & Komi, 

1978). Bobber!, et al. (1987a) reported a mean eccentric time 

period of 550 ms and a mean concentric time period of 290 ms for 

1 0 skilled male volleyball players performing CMJs. 

In an elastic energy study 19 young subjects, 14 male and 

5 female, performed a static jump from a squat, and a CMJ, and 

three DJs from .233, .404, and .69 m heights (Asmussen & 

Sonde-Petersen, 1974a). Asmussen and Sonde-Petersen (1974a) 

calculated an eccentric phase duration of 268 ms for a CMJ. 

Using 10 male and 4 female subjects, Bosco, Tihanyi, Komi, 

Fekete, and Apor (1982) studied stored elastic energy in subjects 

who had predominantly slow or fast twitch muscle fibers under 

different types of CMJs. In their study which compared CMJs of 

small and large knee joint amplitudes, the average eccentric phase 

lasted .556 s and .202 s for large and small knee amplitudes, 

respectively (Bosco et al., 1982). 

In a study using 14 male power trained athletes Bosco, Komi, and 

Ito (1981) compared CMJ and SJ. For the CMJ, they reported knee 

joint amplitude, prestretch time and coupling time. The mean knee 

joint amplitude was 71.47 degrees. The prestretch time mean was 

85.03 ms and the coupling time was 22.97 ms. 



During a countermovement jump, 5 skilled female subjects used 

between 178 to 334 ms for concentric work, whereas, 5 unskilled 

female subjects performed concentric. work for 139 to 277 ms 

(Hudson, 1981). The mean concentric time period was 255 ms and 

209 ms for the female skilled and unskilled performers, 

respectively (Hudson, 1981). 

'In the Bobbert et al. study (1986) which identified the two OJ 

techniques, both the CDJ group and the BDJ group used similar time 

periods for the CMJ performance., During the CMJ, the average 

push-off time period was .28 s for all 13 male handball players 

(Bobbert et al., 1986). · .. The duration of the push-off phase of a CMJ 

for a single male subject in the Fukashiro and Komi study (1987) 

was 260 ms. 

In the Bedi et al. study (1987) which used male subjects 

exclusively, the mean of the total time spent on the forceplate 

during a CMJ was 870 ms for 20 physical education students and 

789 ms for 12 volleyball players. The mean times for the push-off 

phase were 208 ms for the volleyball players and 197 ms for the 

physical education students. 

Because of different techinques used to perform the OJ, the 

reported time periods on the force platform ranged greatly. After 

studying stored elastic energy in 14 male and 5 female subjects, 

Asmussen and Sonde-Petersen (197 4a) found that the duration of 
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the eccentric phase averaged .190, .162, and .141 s after the drops 

of .233, .404, and ,.69 m, respectively. 

In a OJ study which used drop heights between 25-85 em, the 

average total time. elapsed on the forceplate was 309 ms for 

12 male volleyball players and 303 ms for the 20 male physical 

education students. (Bedi et al., 1987). The average eccentric 

contraction phase lasted 138 ms and 137 ms for the volleyball 

players and physical education students respectively. 

In the OJ portion of the Bobbert et al. study (1986) 13 male 

handball players ranged between 1 00 ms and 320 ms for the 

eccentric phase, and 130 ms and 320 ms for the concentric phase. 

These investigators identified the two types of DJ techniques by 

the duration of the push-off phase being above 260 ms as the 

countermovement DJ (CDJ) and below 200 ms as the bounce OJ 

(BDJ). 

Bobbert et al., (1987a) compared eccentric and concentric time 

periods in the CDJ to the BOJ among 10 male volleyball players. 

The average eccentric time period was 190 ms and 130 ms for the 

CDJ and the BOJ respectively. The average concentric time periods 

were 210 ms for the CDJ and 130 ms for the BDJ. 

Vertical projection heights have often been the criteria for 

evaluating jump performances. In comparisons of previous studies 

(Asmussen & Sonde-Petersen 1974a; Komi & Bosco, 1978) which 

used both females and males subjects, Hudson (1981) compared the 
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gender projection heights by stating the female projection height 

as a percentage of the male projection height. In calculating these 

percentages for the females, the means of the female projection 

heights were divided by the means of the male projection heights. 

In the CMJ, the 5 female subjects of Asmussen and Sonde-Petersen 

(1974a) study attained 73% of their 14 male counter parts' jump 

height. By comparing 25 female and 16 male physical education 

major students of Komi and Bosco (1978), the females were 

jumping 58% of the male students' jump heights. While comparing 

the unskilled male and females groups of Hudson's study (1981), the 

5 unskilled females' CMJ height was 79% of their 5 male counter 

part. In Hudson's study (1981 ), the 5 skilled females jumped to a 

height that was 83% of the 5 skilled males' CMJ height. 

During a CMJ, two groups of 6 and 7 male handball players raised 

their COM on the average 42 and 49 em (Bobbert et al., 1986), 

whereas, 10 male volleyball players raised their COM 54 em above 

standing height (Bobbert et al., 1987a). Since many volleyball and 

basketball skills inherently contain the vertical jump, most 

volleyball and basketball conditioning programs incorporate jump 

training. Hence, it would be expected that the projection heights 

acheived by volleyball players would be higher than that of the 

handball player. 

Only two studies compared and reported projection heights 

for DJs of males and females. For the 5 skilled female subjects of 



'l I 

Asmussen; and 
I ' 

B~nde-Petersen (1974a), the average projection 
\ 

heights of {each OJ were 31.1, 32.46, and 29.36 em for the .233, 
'o 

j ' 

.404, and '.69 m drop heights, respectively (Asmussen & 
~ ' 

Bonde-Pet~rsen, 1974a). By comparison, the 25 female physical 
•' 

education students of Komi and Bosco (1978) achieved their best 
't 

projection height from a 50 em drop which was 10 em higher than 
1 . ) 

3 1 

the female ,'subjects of Asmussen and Sonde-Petersen (1974a). The 
\, ·• 

best projection height was 27.3 em for the females in the Komi and 
' 

Bosco (1978) study and was 32.46 em for the females in the 
' 

Asmussen and Sonde-Petersen study (1974a). For the equivalent 
' 

male groupj the best DJ reached a height of 40.3 em from a 60 em 
.,; 

drop (Komi i& Bosco, 1978). When the male subjects were separated 

out in the Asmussen and Sonde-Petersen study (197 4a), the average 
' 

projection height was 43.9 em from the .404 m drop which was a 

higher projection but a lower drop height. The best projection for 

the women'was 41 em from .69 m, whereas, the best height 
I ' 

achieved by the men was 55.7 em from the same drop height 

(Asmussen & Sonde-Petersen, 1974a). 

Stored Elastic Energy 

Muscle 'has been known to contain elastic properties which were 

capable of temporarily storing energy for subsequent use (Cavagna, 
" 

Saibene, &' Margaria, 1965; Cavagna, Dusman, & Margaria, 1968). In 

most natural motion, it has been observed that a stretch or 

eccentric contraction preceeds a concentric contraction. During 



the stretch-shortening cycle of muscle contraction, most of the 

increase in muscle performance has been attributed to the series 

elastic component of the tissue (Asmussen & Sonde-Petersen, 

1974; Komi & Bosco, 1978; Komi & Bosco, 1979). 

Various types of vertical jumps have been used to study energy 

exchanges. The first studies involved vertical jumps with and 

without countermotion preceding the jump. The amount of energy 

generated was determined by the projection height achieved from 

the various jumps. To increase the amount of energy placed upon 

the muscle tissue prior to the jump, the drop jump was included in 

the vertical jump comparisons. Many studies have investigated 

elastic energy in skeletal muscle by utilizing a squat jump, a CMJ 

and DJs (Asmussen & Sonde-Petersen, 1974; Komi & Bosco, 1978; 

Bosco, Viitasalo, Komi, & Luhtanen, 1982). 

Asmussen and Sonde-Petersen (1974) compared mechanical 

energy developed using drop heights of 23.3, 40.4 and 69 em, 

whereas, Komi and Bosco (1978) employed drop heights ranging 

from 20 to 100 em. The higher drop heights increased the kinetic 

energy placed on the muscle prior to the vertical jump. The 

combination of the subject's weight, the drop height, and the 

braking of the muscle via eccentric contraction determined the 

kinetic stretch load placed on the muscle (Hudson, 1981 ). 

Asmussen and Sonde-Petersen (1974a) results, which combined 

male and female subjects, indicated that the best projection was 
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reached with a drop height of approximately 40 em. In the Komi and 

Bosco (1978) study the subjects were divided into three groups; 

(a) 25 female physical education student who performed best at 

approximately 50 em drop, (b) 16 male physical education students 

who jumped the highest from a 63 em drop, and (c) 16 male elite 

volleyball players who jumped the best from a 66 em drop. These 

data indicated that the males were able to perform better with 

greater stretch loads than the females. The investigators 

concluded that there was a limit to the amount of eccentric muscle 

force. Exceeding this limit prevented the muscle from generating 

maximal force in the concentric contraction. 

In a more recent study by Bedi, et al. (1987) 20 male physical 

education majors and 12 male volleyball players, between 19 and 

26 years of age, produced the best vertical projection from a CMJ 

rather than DJs. Since the CMJs' projection heights from 

comparable groups of the Bedi et al. (1987) study were lower than 

the groups of Asmussen and Sonde-Petersen (1974) and Komi and 

Bosco (1978}, it was concluded that the caliber of the subjects was 

lower. However, in a single subject study of a 30 year old healthy 

male, Fukashiro, and Komi (1987) concluded that the larger 

difference between the hip extensor contribution during the CMJ 

over the SJ may be responsible for the increase in performance 

rather than the stored elastic energy. 
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Komi and Bosco (1978) and Hudson (1981) compared the 

utilization of stored elastic energy between males and females. In 

the Komi and Bosco·. study (1978) the comparison was made among 

25 female and 16 male physical education students and 16 national 

male volleyball players performing CMJ, DJ and jumps from a held 

squat position. Under .the same jump conditions, Hudson studied 

four groups of athletes; 5 unskilled male jumpers, 5 male skilled 

jumpers, 5 unskilled female jumpers, and 5 skilled female jumpers. 

Asmussen and Sonde-Petersen (197 4a) studied stored elastic 

energy usage with a combined population of 5 women and 14 men 

who were considered as active and relatively skilled people. Komi 

and Bosco (1978) found that women were able to utilize 

approximately 90% of the energy which was stored during the 

eccentric phase, whereas, the two male groups of subjects used 

only approximately 50% of the stored energy. Contradictory 

findings were reported by Hudson (1981). Hudson found no 

significant difference between males and females in the utilization 

of stored elastic energy. She concluded that there was a larger 

degree of difference between the males and females in vertical 

jump ability which was indicated by the comparison of the heights 

of the CMJ. The female physical education students in the Komi and 

Bosco study (1978) were jumpers of lower caliber than the 

Asmussen and Sonde-Petersen (197 4a) female subjects and were 

poorer jumpers than the Hudson (1981) unskilled female subjects. 
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By comparing 5 subjects performing a series of jumps of large 

and small knee joint amplitudes Bosco, Ito, Komi, Luhtanen, 

Rahkifa, Rusko, and Vitasafo (1982) concluded that recoil of elastic 

energy accounted for 50% of the positive work in the small 

amplitude technique and 30% of the positive work in the farge joint 

range technique. The demographic information for the subjects was 

mean age of 28.8 years, their mean weight of 77.9 kg, and mean 

height of 179 em. Small amplitude jumps resulted in faster 

stretch speeds, shorter transition times between eccentric and 

concentric contractions, and greater forces at the conclusion of the 

eccentric phase. Since the total positive work was higher for the 

large amplitude jump, the absolute value for the amount of work 

attributed to stored elastic energy was greater in the large 

amplitude jump. 

In a study comparing 14 subjects of varying muscle fiber 

compositions, Bosco, Tihanyi, Komi, Fekete, and Apor (1982) 

proposed in their conclusions that fast and slow twitch fibers have 

different elastic qualities and thus use the stretch-shortening 

cycle differently. Ten male and 4 female power trained athletes 

were divided into two groups according to their predominance of 

slow or fast twitch fibers. The CMJs were performed with large 

and small knee joint amplitudes and a corresponding SJ. The 

comparison between the two groups was analyzed statistically 

using Student's t-test. Bosco, Tihanyi, Komi, Fekete, and Apor 
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(1982) reported that ; predominantly fast twitch fiber subjects 

benefitted from the faster motion with small amplitude joint 

ranges more efficently than the slow twitch fiber subjects. With 

the rebound technique, the final eccentric force was significantly 

greater for the fast twitch group (30.1 N x KgBW-1) than the slow 

twitch group (25.9 N x KgBW-1). The percents of stored elastic 

energy used by the two groups were 30% and 26% for fast and slow 

twitch subjects respectively, which was not significant. For the 

large amplitude jump,· the average final eccentric forces were very 

similar (16.2 N x KgBW-1 and 16.9 N x KgBW-1 for fast and slow 

twitch ·groups respectively) however, the percent of stored elastic 

utilized was significantly greater for the slow twitch group 24% vs 

17%. For the large range jumps, the average duration of the 

eccentric phase was 147 ms which provided more time for the slow 

twitch fiber group . to recruit more motor units and to maintain 

cross bridge attachments. Bosco, Tihanyi, Komi, Fkete, and Apor, 

(1982) concluded that this extended time period of the large 

amplitude jump explains the reason for the comparable final 

eccentric forces between the two groups, and the difference 

between the amount of stored elastic energy utilized because the 

longer coupling time favors slow twitch fibers. 
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Literature Review Summary 

The literature contained discrepancies in the descriptions of the 

CMJ and OJ performances with regard to: {a) knee and hip joint 

range of motion, {b) maximum segmental velocities of the lower 

extremities, {c) temporal extension sequence of the lower 

extremity joints, {d) time delays between adjacent segments, and 

(e) shared positive contributions of adjacent segments. Some of 

the reasons for the disparity in the findings may be related to the 

differences in the gender of the subjects, combining the results of 

both genders, and skill level of the subjects. Since this study used 

only female intercollegiate athletes for subjects, these variables 

were selected for observation. In studies that compared the CMJ 

and DJ investigators reported that the subjects varied in the knee 

and hip joint amplitudes (Bosco, Komi, & Ito, 1981; Bosco, Tihanyi, 

Komi, Fekete & Apor, 1982; Bobber! et al., 1986; Bobber! et al., 

1987a). Researchers who studied both gender subjects reported 

wide variations in maximum segmental velocities which ranged 

between 3 rad/s (171.90/s) and 8 rad/s (458.50/s) (Hudson, 1986; 

Bobber! & Van lngen Schenau, 1988; Gregoire et al., 1984). 

Atwater (1979), Hooper (1973), Kreighbaum and Bartels (1985), 

and Hudson (1986) suggested different temporal segmental 

extension patterns that should be used during a good vertical jump 

performance. The question of the degree extension simultaneity 

among the lower extremity segments has lead to the development 



of two variables, time delays between adjacent segments and 

shared positive contribution of adjacent segments. 
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The researchers have reported time delays in a variety of ways 

and their results were contradictory (Hudson, 1986; Bobber! et al., 

1986; Gregoire et al., 1984). The variance in the reported time 

delays may be attributed to different ways of reporting the delays, 

gender of the subjects, and/or skill level differences of the 

subjects. In an attempt to describe the coordination of the vertical 

jump performance pattern, Hudson (1986) developed the variable, 

shared positive contribution between adjacent segments. In this 

investigation, this variable was studied to compare the 

coordination patterns of the CMJ and DJ for female athletes. 

The inconsistencies in vertical jump research findings and the 

need to study female athletes performing CMJs and DJs led to the 

selection of the following variables for this study: (a) loading 

factor variables of maximum downward velocity and descent 

distance of the body's COM, and the eccentric time period; (b) the 

concentric phase variables of concentric time period, percent 

simultaneity of lower extremity segments, and percent utilization 

of stored elastic energy; and (c) the peak vertical projection height 

of the body's COM. 

In studies containing subjects of both genders, Komi and Bosco 

(1 978) reported higher downward velocities for the COM than 

Hudson (1981). According to Bosco, Tihanyi, Komi, Fekete, and 
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Apor's (1982) conclusions the speed of descent might be related to 

the' proportion of fast or slow twitch muscle fibers in the leg 

extensors. 

The descent distance of the body's COM varied in the CMJ and OJ 

studies which reported on this variable (Komi & Bosco, 1978; 

Bobbert et al., 1986; .Bobber! et al., 1987a). The distance 

discrepancies were among the CMJs and DJs as well as between the 

CMJs and DJs. The· differences in the DJs were attributed to the 

two DJ techniques (Bobber! et al., 1986} and the predominant fiber 

type;of the extensor muscles (Komi & Bosco, 1978). OJ techniques 

have not been studied using female subjects. 

In .vertical jump research which studied CMJs and DJs many 

investigators reported both the eccentric and concentric time 

periods (Asmussen & Sonde-Petersen, 1974a; Komi, 1984; Bosco & 

Komi, 1978; Hudson, 1981; Bosco et al., 1982; Bobbert et al.,1986; 

Bobbert et al., 1987a; Bedi et al., 1987). These time periods 

differed among the male subjects and the female subjects. The 

variation in the time intervals was attributed to skill level of the 

subjects (Hudson, 1981; Bedi et al., 1987). Other suggested reasons 

for the variance in time periods were the gender of the subjects 

and the joint amplitudes of the jumps. 

The percent simultaneity was a variable used by Hudson (1986) 

during her investigation of CMJ coordination. In this study Hudson 

compared skilled and unskilled subjects of both genders. Hudson 
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arbitrarily identifed shared contribution of all three segments of 

50% or more as a' simultaneous pattern. Since this variable had not 

been studied in the DJ performances, it was used to determine 

whether there was a difference in the CMJ and DJ ·of female 

athletes in this study. 

The role of stored elastic energy in skills that contain the 

stretch-shortening cycle of muscle contraction has been studied 

extensively (Cavagna, Saibene, & Margaria, 1965; Asmussen & 

Sonde-Petersen, 1974a; Komi & Bosco, 1978; Komi & Bosco, 1979; 

Hudson, 1981; Bosco, Viitasalo, Komi, & Luhtanen, 1982; Hudson & 

Owen, 1985; Bedi et al., 1987). There has been disagreement in the 

amount of stored elastic energy utilized by women and men. Hudson 

(1981) reported that there was no difference between women and 

men in utilization of stored elastic energy, whereas, Komi and 

Bosco (1978) concluded that women used more stored elastic 

energy than men. The amount of energy attributed to use of stored 

elastic energy has ranged from 30% to 90%. The results of both the 

Asmussen and Sonde-Petersen (1974) and the Komi and Bosco 

(1978, 1979) studies agreed with former studies in that the muscle 

performance was enhanced by stored elastic energy up to a point 

with an increased load prior to the concentric contraction. 

The vertical height achieved by the body's COM has been used as 

a criterion of performance ability. Researchers who have 

investigated CMJs, and DJs techniques have reported the peak 
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vertical projection heights. In the studies with female performers 

the average jump heights for a CMJ were: (a) 23.3 em for 

25 physical education students (Komi & Bosco, 1978), (b) 30.4 em 

for 5 skilled Danish women (Asmussen & Sonde-Petersen, 1974a), 

and (c) 41.95 em for 5 skilled American track athletes and 

28.63 em for 5 unskilled American jumpers (Hudson, 1981 ). In 

studies which have investigated both genders performing CMJs and 

DJs, Asmussen and Sonde-Petersen (1974a) and Komi and Bosco 

(1978) reported that the vertical jump height increased up to a 

point with the increase in drop height. However, in the Bedi et al. 

(1987) study, the highest jump height was achieved with the CMJ. 

The results of the Jensen and Russell study (1985) indicated that 

2 of the 3 female volleyball players achieved greater projection 

heights from the volleyball spike jump than the DJs. The 

discrepancies in the research conclusions lead to the inclusion of 

this variable in this study. 



CHAPTER Ill 

PROCEDURES 

The purpose of the study was to determine if there were 

differences on selected biomechanical variables between the CMJ 

and the OJ performed by. female athletes. The biomechanical 

variables that were compared in the two jumps were the following: 

(a) maximum downward velocity of the body's COM in the 

countermotion, (b) descent distance of the body's COM during the 

countermotion, (c) time periods of the eccentric and the concentric 

phase, (d) degree of extension simultaneity of lower extremity 

joints during concentric phase, (e) amount of stored elastic energy 

utilized by the leg extensor muscles, and (f) peak vertical 

projection height of the body's COM. The research procedures are 

presented in the following sections: (a) Preliminary Procedures, 

(b) Selection of Subjects, (c) Selection and Description of 

Instrumentation, (d) Protocol, (e) Data Collection, and (f) Data 

Reduction and Analysis. 

Preliminary Procedures 

Prior to the investigation, a review of current and past 

literature on the vertical jump with regard to analysis techniques, 

training purposes, and evaluating stored elastic energy was 

conducted. The information gained from the pilot studies and the 
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current research helped the investigator to determine the problem 

and procedures of the study. 

A tentative outline for the study was developed by the 

investigator as a result of the literature review and the pilot 

studies. The tentative outline was submitted to the dissertation 

chairperson for input and approval before the outline was presented 

to the committee. · Revisions that were suggested by the committee 

were made and the outline was resubmitted for the committee's 

final approval. The revised tentative outline as a prospectus was 

filed with the Dean of the College and the Dean of the Graduate 

School at Texas Woman's University. 

The procedures that applied to the expectations and treatment of 

the subjects were presented to the Human Subjects Review 

Committee for approval. Copies of the Human Subjects Review 

Committee approval form were attached to the prospectus and are 

presented in Appendix A. 

Selection of Subjects 

The following criteria were established for subject selection: 

(a) athletes were division I or II female intercollegiate athletes 

from the central Kentucky area, (b) athletes' age range was 

between 18-23 years, (c) athletes' percent body fat ranged between 

12-27%, (d) athletes were jump conditioned, and (e) athletes had no 

history of chronic lower extremity joint ailments. The subject 

pool containing only intercollegiate basketball players was not 
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large enough, therefore the investigator added intercollegiate 

volleyball players. Twenty-five subjects were selected to 

represent division I or II female basketball or volleyball athletes in 

the central Kentucky area. 

The subject pool was obtained from contacting the respective 

colleges' athletic directors and the women's intercollegiate 

basketball or volleyball coaches in the central Kentucky area. 

Verbal permission for athlete participation in the study was . 

granted by the athletes' athletic director and coach prior to contact 

with the athletes. A presentation explaining the purpose and the 

procedures of the study was given to the coaches as well as the 

athletes. During the presentation, consent forms from Texas 

Woman's University and the University of Kentucky (see Appendix A) 

were distributed to the athletes. The investigator requested that 

the subjects read the consent forms and ask questions prior to 

volunteering to participate in the study. The athletes who 

volunteered filled out a general information form (see Appendix B) 

and signed both universities' consent forms which are required by 

Texas Woman's University Human Subjects Review Committee and 

University of Kentucky Non-Medical Institutional Review Board. 

The investigator scheduled a time with each athlete to take 

skinfold and anthropometric measurements. The range for percent 

body fat from 12% to 27% was selected since both Wells (1991) and 

Lamb (1984) identified 12% as essential fat for women and 27% fat 



is considered the upper limit of normal for women of college age. 

Providing the athlete fulfilled the body fat criteria, the 
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investigator arranged a time with the subject and the University of 

Kentucky Wenner-Gren Biodynamics Laboratory personnel to collect 

the jump data. 

Selection and Description of Instrumentation 

The instrumentation was determined by the biomechanicaJ 

variables of interest in the study. It was necessary to include the 

following instrumentation: (a) two NAC 200/60 high-speed 

shuttered video cameras in conjunction with the Motion Analysis 

VP-310 Data Aquisition System interfaced with a Sun Spare 330 

mini-computer, (b) two electrogoniometers and accompanying strip 

chart recorder, (c) a forceplate and supportive equipment, and 

(d) an IBM PC/AT computer for data collection synchronization and 

storage. 

High Speed Video Cameras 

The two NAC 200/60 high speed video cameras were placed to 

record the saggital view of the right side of the subjects 

performing the 3 jump conditions. The cameras were positioned 

3 m apart with each camera 7.32 m from the center of the 

forceplate (see Figure 1 ). The height of the center of the lens was 

1 .14 m off the ground. The film speed was set at 200 Hz. The right 

side of the subject was recorded. Cinematographical data provided 

the necessary kinematic information for analysis of: (a) temporal 
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sequence of lower extremity segments' extension, (b) percentage of 

simultaneity of extension of the lower extremity segments, 

(c) maximum downward velocity of the body's COM during 

preliminary countermovement, (d) time delays between adjacent 

segments' extension during the concentric phase, (e) time periods 

of eccentric and concentric phases, and (f) utilized stored elastic 

energy. 

Eorceplate and Supportive Equipment 

A Kistler forceplate (type 9803), a Kistler charge amplifier, a 

Data Translation analog to digital board (DT2821), plus an IBM 

PC/AT computer made up the force recording devices. The 

forceplate and cinematographic data provided the information to 

determine the eccentric and concentric phases for each jump 

condition. 

The Kistler forceplate which operates on triaxial quartz 

transducers was sampling at 2000 Hz. The size of the forceplate 

was 60 em by 40 em. The calibration of the forceplate allowed the 

signal to remain unchanged, therefore, the charge amplifier gain 

settings were set at 1 for all force channels. 

Protocol 

Anthropometric Data Collection Session 

During the first data collection session, demographic 

information in addition to skinfold and anthropometric measures 

were taken on each subject. These data were recorded on a general 



information data sheet and anthropometric data sheet both of 

which contained the subject coding to maintain anonymity. Both 

the general information data sheet and the anthropometric data 

sheet are presented in Appendix C. 
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The general demographic information consisted of age, college 

affiliation, year in college, athletic experience and training 

methods. Assessment of athletic experience included: (a) length of 

time the athlete had been playing basketball or volleyball, (b) level 

of competition, (c) involvement with other competitive sports, and 

(d) participation in jump training programs 

To more accurately represent the female athlete, the Hanavan 

model (1964) which was modified by Hudson (1981) was selected. 

The anthropometric measures consisted of segment lengths, 

circumferences, breadths, depths, and various anatomical heights. 

The anthropometric measurements of length, height, breadth, and 

depth were taken with an anthropometer measuring in em. All 

unilateral measures were taken from the right side of the body. At 

least three measurements were taken for each site. If the three 

measurements were within 2 mm of one another, the average of the 

3 scores was entered as the measurement value (Lohman, Roche, & 

Martorell, 1988). If the discrepancy between the measurements 

was 3 mm or more, additional measures were made until three 

measures were within 2 mm (Lohman, Roche, & Martorell, 1988). 



The following segment lengths were taken: (a) toot, (b) lower 

leg, (c) thigh, (d) head to hip, (e) 5th cervical vertebra to hip, 
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(f) upper arm, and (g) forearm. The following lengths were obtained 

while the subject stood with her weight equally distributed on both 

feet by measuring: (a) from the posterior aspect of the calcaneous 

to the distal end of the longest toe, (b) from the center of the 

lateral malleolus to the center of the knee articulation (estimated 

axis of rotation at the knee joint), (c) from the center of the knee 

articulation (axis of rotation) to the greater trochanter, (d) from 

the center of the head of the humerus to the center of the elbow 

articulation, and (e) from the center of the elbow articulation to 

the center of the wrist articulation. While the subject sat erect on 

a hard table with the knees flexed over the edge of the table, the 

two trunk lengths were made by holding the anthropometer 

vertically aligned with the vertebral column and measuring from 

the table top to the top of the head and from the table top to the 

5th cervical vertebra. The subject was asked to momentarily hold 

her breath while sitting as tall and straight as possible. 

The circumference measurements included ankle, axillary arm, 

elbow, fist, knee, head, thigh and wrist. A steel tape measure (em) 

was positioned perpendicular to the long axis of the body segment 

to be measured and was held snuggly against the surface of the 

skin. Each circumference was measured three times and recorded 

to the nearest 0.1 em. The tape encircled the following designated 
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portion of the segments: (a) immediately proximal to the medial 

and lateral malleoli, (b) directly distal to the axilla, c) around the 

olcraneon process and proximal to the medial condyle of the ulna, 

(d) around the metacarpophalangeal joints of the hand while making 

a fist around the thumb, (e) around the center of the patella and the 

popliteal area, (f) just superior to the eyebrows and at the maximal 

circumference in the posterior, (g) immediately distal to the 

gluteal furrow, and (h) distal to the styloid process (Lohman, · 

Roche, & Martorell, 1988). 

The breadth and depth measurements were made with the 

anthropometer by a·pplying the blades reasonably tight to try to 

measure the boney structure. These combined measures were taken 

for the chest, waist, and hip area. The subject was asked to stand 

with feet apart and weight equally distributed on both feet. Three 

measurements were taken sequentially and recorded to the nearest 

0.1 em. The chest measures were recorded after a normal 

exhalation. While the subject stood with the arms slightly 

abducted, the calipers measured the breadth at the sixth rib level 

on the midaxillary line. The chest depth was taken in the 

horizontal plane of the fourth coste-sternal joint. The waist 

breadth and depth was taken at the level of the umbilicus with the 

calipers held in the horizontal plane. The hip breadth was measured 

with the calipers held at a 45 degree angle below horizontal on 

outside superior border of the iliac crest at the widest location. 
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Buttocks depth was taken at the maximum extension in the frontal 

plane 

Additional height measures, taken from the erect standing 

position, included shoulder, sphyrion inferior to the medial 

malleolus, substernal, lateral malleolus, tibiale, and trochanter. 

These measurements were made with the anthropometer placed on 

the floor and extended vertically upward beside the subject. Three 

measurements were made at each site and recorded to the nearest 

0.1 em. The shoulder height was determined from the floor to the 

acromion process. The substernal measurement was made from the 

floor to the syphoid process at the bottom of the sternum. The 

various lower extremity heights were measured from the floor to 

the sphyrion inferior to the medial malleolus, to the lateral condyle 

of the tibia, and to the greater trochanter of the femur. In order to 

determine sole of shoe thickness, the height of the lateral 

malleolus with and without shoes were measured from the floor. 

In order to assure that the subjects were within the normal 

range of percent body fat for 18-22 year old women skinfold 

measures were taken from the iliac crest, subscapular region, mid 

calf, mid thigh, and mid triceps area. According to Lamb (1984) and 

Wells (1991), the normal range for college age women was between 

12% to 27% body fat. The skinfold evaluation entailed the 

summation of skinfolds taken from iliac crest, thigh, and triceps. 

Lange skin calipers (mm) were used to measure the thickness of a 
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double fold of skin which was lifted away from the surface 

approximately 1 em and perpendicular to the long axis of the 

selected site. All measurements were taken from the right side of 

the body. The jaws of the calipers were held perpendicular to the 

skinfold and the measure was recorded to the nearest 1 mm after 

being held for four seconds. The iliac crest skinfold was taken 

from the midaxillary line superior to the iliac crest. The 

subscapular skinfold was drawn at a 450 angle from horizontal just 

inferior to the inferior angle of. the scapula. The triceps skinfold 

was pinched vertically above the midline of the triceps half way 

between the elbow and the shoulder. A fourth skinfold measure 

was taken from the medial calf region parallel to the long axis at 

the maximum circumference of the calf. The last skinfold 

thickness was obtained from the anterior thigh midway between 

the inguinal crease and the proximal border of the patella along the 

long axis of the limb (Lohman, Roche & Martorell, 1988). 

Subject Preparation 

Prior to the filming process, the subject was marked with 

1.3 em diameter spherical reflectors attached to the right side of 

the body at the following anatomical landmarks fifth 

metatarsalphalangeal joint, lateral maleolus, knee, hip, and 

shoulder. Electrogoniometers were placed on the left knee and hip. 

The potentiometer of the electrogoniometer was located directly 

over the axis of the joint. The flanges of the electrogoniometers 
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were firmly attached via velcro straps to the shank and the thigh 

for the knee electrogoniometer and the thigh, pelvis and trunk for 

the hip electrogoniometer. 

Experjmenta! Protocol 

As a result of reviewing the current research and doing pilot 

work, the selected drop height was 25 em. In a pilot study drop 

heights of 15, 20, 36, and 46 em were used with female 

intercollegiate volleyball players. The subjects were asked to 

comment on their preferred drop height and to identify their best 

jump performance. The investigator viewed the performances on 

videotape to select the height at which the best performances 

occurred according to the jump criteria: The jump criteria 

consisted of: (a) keeping the hands on the hips throughout the drop, 

jump, and landing; (b) maintaining balance throughout the 

performance; (c) landing on the center of the forceplate from the 

drop and the landing; and (d) demonstrating consistency of 

performance throughout the four to five jump trials. The subjects 

selected the 20 or 36 em height as their preferred height and best 

performance. After reviewing the videotape of these female 

volleyball players it became apparent that the 36 and 46 em drops 

were too high for the balance, control of jump and landing, and 

consistency of performance. After analyzing 6 active male 

subjects who dropped from heights of 20, 40, and 60 em, Bobbert et 

al. (1987b) recommended that drop heights of between 20 and 



40 em be used if a BDJ might be used. Since the subjects in this 

study selected the type OJ they wanted to use and the pilot 
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subjects selected either the 20 or 36 em drop height, the 

investigator, in consultation with her advisor, decided to use a drop 

height of 25 em. The results of previous studies indicated that 

jump form consistency was achieved after five jumps (Hudson, 

1981 ). Consequently, the warmup activities included five practice 

jumps. 

The instructions were given to each subject prior to each jump 

condition. All jumps were performed with the hands in contact 

with the hips. The subject was asked to give a maximum effort for 

each jump performed. In order to become familiar with the 

procedure and the jump requirements, the subject was given three 

or four practice jumps prior to full data collection procedures. 

Feedback about the performance regarding the adherence to the 

criteria of the study was given to the subject during the practice 

trials. Prior to data collection for the jump conditions, the subject 

stood on the forceplate to obtain a total body weight which 

included the electrogoniometers, plus other research equipment, 

and shoes. Complete data were collected for at least three 

performances in each jump condition. The number of recorded 

performances was determined by the subject's ability to perform 

according to the condition criteria. If a performance was 



considered borderline according to the criteria, data from an 

additional trial were collected. 
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The CMJ and OJ jump conditions were randomly assigned to the 

subjects on the day of data collection. The CMJ was performed 

from a standing position on the forceplate with a preliminary 

downward motion before the vertical jump. The OJ was performed 

by stepping off a 25 em platform. If there was any upward 

propulsion from the platform, the OJ was repeated. The OJ 

consisted of landing on the forceplate and rebounding from the 

forceplate which resulted in jumping vertically. The SJ was a 

vertical jump performed by purely upward motion from a held 

static squat position which was representive of the natural knee 

and hip positions at maximal depth of descent for both the CMJ or 

the OJ. The hip and knee positions at the lowest point of the 

eccentric phase were obtained from the strip chart records from 

the hip and knee electrogoniometers. The static position of the SJ 

at the knee and hip was monitored by the hip and knee 

electrogoniometers which sent the position data to a strip chart 

recorder. After holding the static position for a period of 3 to 5 s, 

the subjects performed the vertical jump with purely upward 

motion. The vertical downward force recorded by the forceplate 

provided the information to determine if the motion was only 

upward. If the vertical downward force on the forceplate 

decreased below normal body weight of the subject, the subject did 
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not adhere to the upward motion criteria. If either the forceplate 

or the strip chart detected motion prior to the upward propulsion, 

the SJ trial was repeated until a successful trial was recorded. At 

least two trials of the SJ were performed and recorded for each of 

the two jump conditions. 

Data Collection 

Set yp Caljbratjon, and Sampling Bate 

Two NAG video cameras (200/60) were located 7.32 m from the 

center of the forceplate, 3 m apart, and the center of the lens was 

1 .14 m off the floor (refer to Figure 1 ). The camera was set 

parallel to the floor by using a bubble level in the lateral and 

anteroposterior plane of the camera. The film speed was set at 

200 Hz which was determined by the 2 s time period for data 

collection. 

Calibration reference frames were taken by videotaping four 

sets of five markers which were suspended on plum lines hanging 

from tripods. The reflective markers on the plum lines were 

suspended at the following heights: (a) 15.24, (b) 60.96, (c) 106.68, 

(d) 152.40, and (e) 198.12 em (refer to Figure 2.). The actual edges 

of the forceplate were located on the videotape by recording two 

2 em spherical reflectors placed at the left and right front corners 

of the forceplate which actually measured 63.5 em between 

centroids. 
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-----1.73 m-----

Figure 2. Camera calibration setup 
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The forceplate was electronically calibrated to read the 

deflections in lb. Later the forceplate readings in lb were 

converted to kg. The sampling rate of the forceplate was 2000 Hz. 

The channels for force were designated as follows: (a) channel 

zero recorded the vertical force, (b) channel one represented the 

anterioroposterior force, and (c) channel two represented the 

mediolateral force. The gain for all the force channels was set at 

one. 

Both electrogoniometers were calibrated by moving the flanges 

through a range of known positions from 45-180 degrees. For each 

electrogoniometer, the deviation for each known position was 

linear. The sampling rate was not determined since the data were 

not part of the analysis. 

Data from the video cameras and forceplate were collected 

simultaneously during each trial. The data collecting instruments 

were synchronized by computer connections and a start button that 

triggered all devices was used to begin data collection. 

Consequently, the data were matched at the instant of collection. 

The trial for analysis was selected on the basis that the jump 

criteria were met and the closest joint position matched between 

the jump condition and the SJ. If the joint positions were virtually 

the same, the highest jump was selected for analysis. 



Data Reduction and Analysis 

The treatment of data is presented in three sections: 

(a) kinematic analysis, (b) mechanical energy and stored elastic 

energy, and (c) statistical treatment. 

Kjnematjc Analysis 

The videorecord analysis started with the initiation of 

downward motion from the standing position for the CMJ, at the 

instant of landing on the forceplate for the OJ and with the 

initiation of upward motion for the SJ. Motion analysis for all 

conditions terminated at takeoff from the forceplate. The data 

were collected from each frame by means of recording the 

horizontal and vertical coordinates of spherical reflectors which 

marked nine specific anatomical points. The anatomical points 

were identified and digitized by the Motion Analysis system in 

order of presentation: (a) head directly above the right ear, 
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(b) right shoulder, (c) right elbow, (d) right wrist, (e) right 

trochanter, (f) right knee, (g) right lateral malleolus, (h) right heel, 

and (i) right lateral metatarsalphalangeal joint. Based on an 

orthogonal coordinate system, the points for each anatomical 

landmark were connected to form paths which were stored in the 

Motion Analysis system. The investigator viewed each data path 

for each trial. Each data path was edited before the data 

coordinates were saved under the jump condition and trial number. 

The data files were down loaded into an ascii file. 
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The format of the data files from the Motion Analysis system 

was reorganized by a computer program written by Mankoff (1990) 

in order to be read by the computer film analysis programs 

developed at Kansas State University by Noble, Zollman, and Yu 

(1988). This set of computer programs performed the following 

functions: (a) smoothed the raw data via a Butterworth-type low 

pass digital filter; (b) calculated the segments' angular 

displacements, velocities, and accelerations; (c) determined the 

joints' angular displacements, velocities, and accelerations; 

(d) calculated the body's COM using the Hanavan model and 

determined displacements, velocities, and accelerations of the 

COM; and (e) calculated the mechanical energy for the segments 

using the Hanavan model information. The cutoff frequency of the 

filtering procedure was determined by the sampling frequency of 

200 Hz. The modification of the Kansas State University film 

analysis programs to calculate the COM using the Hanavan model, 

mechanical energy and work was written by Mankoff (1990) and 

Wilkerson (1991 ). 

The time related variables of interest were obtained from the 

videotape data. Initiation of segmental extension was determined 

from movement represented in absolute angles of segments. Trunk 

and shank extension were noted by an increase in angle, whereas, 

thigh extensions were shown by angle decreases. The exact in time 

that extension was initiated and reached maximum velocity for 



each segment was noted by frame number, hence time could be 

established relative to the concentric time phase. 
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These frame numbers which represented time were used to 

determine the temporal sequence of segmental extension, the 

extension time delay between the segments, the shared positive 

contribution of adjacent segments, and the percentage of extension 

simultaneity. The lowest to the highest frame number for 

initiation of extension indicated the temporal segmental sequence 

which were ranked first through fourth. Frequencies of the rank 

order one through four were taken for each segment's initiation of 

extension. If two segments initiated extension at the same frame, 

the two segments were assigned the same sequence number. These 

tallies were made from both the CMJ and DJ conditions. From these 

frequencies, a group percentage for each segmental order was 

determined. The segmental sequence percentages for both jump 

conditions were calculated for the total group and the two sport 

groups. The difference between the frame numbers, which were 

noted for each segment's initiation of extension, was used to 

determine the extension time delays. 

The percentages which were related to simultaneity and shared 

contribution of adjacent segments were calculated from three time 

periods. The total time that any one segment was accelerating was 

the denominator for percent of simultaneity and shared positive 

contribution of adjacent segments. The time period over which all 



joints were accelerating was the numerator of the simultaneity 

percentage. The time that two adjacent segments were 

accelerating was the numerator for those two segment's shared 

contribution. 
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The total time periods for eccentric and concentric phases were 

derived from the cinematographic data. During the CMJ, the 

eccentric phase began at the frame before the body weight started 

to decrease and the body's COM started to descend and ended with 

the lowest point reached by the body's COM. For the OJ, the 

eccentric phase began at the point that weight was recorded on the 

forceplate and stopped at the low point reached by the body's COM. 

The concentric phase started with last frame before the rise in the 

body's COM and stopped at takeoff which was identified by a zero 

reading on the forceplate. 

The Hanavan model calculations were taken from Hudson's 

(1981) HAN CAL program with her suggested corrections and 

rewritten in turbo pascal by Mankoff (1990) for Texas Woman's 

University computer systems. The Hanavan model was used to 

calculate the body's COM. 

Mechanical Energy and Stored Elastic Enemy 

Mechanical energy was defined as the sum of potential, 

translational kinetic, and rotational kinetic energy. Potential 

energy was derived from the formula (PE = mgh) which is the 

product of the mass of the particular segment of interest times 



gravitational force times the height of the segment's COM. 

Translational kinetic energy was derived from the formula 
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(1/2 mv2) which is the product of half of the mass of the segment 

of interest times the squared linear velocity of the segment's COM. 

Rotational kinetic energy was derived from the formula (1/2 lco2) 

which is the product of half the moment of inertia for the segment 

of interest times the squared angular velocity of the segment's 

COM. The overt mechanical energy for a segment was calculated 

using Winter's formula (1979) and is presented below. 

Es=mgh+1/2mv2+1/21co2 (1) 

where 

Es = energy of a segment 

m = mass in kg 

g = gravitational acceleration of 9.81 mfs2 

h = height of center of mass in m 

v = velocity of center of mass m/s 

= rotational moment of inertia in kg•m2 

co = rotational velocity rad/s 

The total body mechanical energy was determined by the 

summation of the total number of segements in the model. The 

formula for instantaneous total body energy from Winter (1979) is 

presented subsequently. 

Eg = :LEi (n = number of segments in model) (2) 

where 



Es = overt mechanical energy of the body 

Ei = overt mechanical energy of i th segment 

The body's net energy for a particular time period was 

calculated by the following formula from Winter's book (1979). 

64 

= L I Es. - Es. 1 I (f = number of frames) 
J J- (3) 

where 

Ef\8 = net overt mechanical energy of body 

EBj = overt mechanical energy of j th frame 

Esj-1= overt mechanical energy of body in j-1 th frame 

The amount of stored elastic energy which was utilized was 

calculated by a formula derived by Asmussen and Sonde-Petersen 

(1974a). The computation first determined the difference between 

the body's net energy during the concentric time periods of the CMJ 

and the comparable SJ. This difference was divided by the body's 

net energy during the eccentric time period of the CMJ. In order to 

equate all subjects the utilized stored elastic energy was 

converted to a percent. The formula which was depicted by Hudson 

{1981) is presented below. 

SEE= [ (ENBCMJc- ENBsJc ) I ENBcMJe] * 100% {4) 

where 

SEE = stored elastic energy 
ENBcMJc = net overt mechanical energy of body during 

concentric phase of CMJ 
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= net overt mechanical energy of body during 

concentric phase of static jump 

ENBcMJ = net overt mechanical energy of body during 

eccentric phase of CMJ 

The negative work phase consisted of the period between the 

instant just prior to the COM descent of the countermotion to the 

instant of the COM's maximum velocity. The positive work phase 

consisted of the instant just prior to the rise of the body's COM to 

the point of maximum velocity of the body's COM. The investigator 

selected the negative work and positive work phases out of each of 

the selected trials in order to calculate the mechanical energy 

portions which were inserted into the above formula. The 

investigator summed the energy over the designated phase and 

performed the appropriate mathematical functions of the particular 

formula. 

Statjstjca! Treatment 

Descriptive statistics of ranges, minimums and maximums, 

means, and standard deviations were calculated for each jump 

condition on five descriptive variables. The data were analyzed for 

the total group and each sport group independently. The descriptive 

variables data were analyzed using Microsoft StatWorks by Data 

Metrics Inc. 

A two factor repeated measures analysis of variance (ANOV A) 

was used to test for a difference between sport groups and jump 
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conditions on seven selected biomechanical variables at the 

.01 level of significance. The alpha level was set at .01 in order to 

control for the increase possibility of a Type I error. The BMDP2V 

statistical computer program (Dixon, 1985) was used to determine 

significant differences between selected variables during the CMJ 

and the DJ for the two sport groups. If the ANOVA found 

non-significant differences on the kinematic variables, the jump 

patterns of the CMJ and DJ were similar. 



CHAPTER IV 

PRESENTATION OF FINDINGS 

The purpose of this study was to analyze female athletes 

performing a CMJ and a OJ to determine if there were differences 

between the two jump techniques. Differences were determined by 

examining maximum downward velocity of the COM, descent 

distance of the COM, eccentric and concentric time periods, 

simultaneity of lower extremity segments during extension, 

amount of utilized stored elastic energy, and jump height. During 

CMJs and DJs, these variables have not been clearly defined for 

female athletes. In order to expand the subject pool, female 

volleyball athletes were added to the sample which previously 

contained female basketball athletes only. Data were collected 

from 25 female athletes participating on division I and II 

intercollegiate volleyball and basketball teams within the central 

region of Kentucky. 

The findings of this investigation are presented in this chapter. 

The findings were divided into the following sections: 

(a) Description of Subjects, (b) Descriptive Kinematic Variables, 

(c) Eccentric Phase of Jump Performance, (d) Concentric Phase of 

Jump Performance, (e) Stored Elastic Energy in Jump Performance, 

and (f) Summary of the Hypotheses. 
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Description of Subjects 

To compare the general characteristics of the groups of 

athletes, the general demographic data of age, height, weight, and 

skinfold measures were selected. A summary of the descriptive 

anthropometric data for the entire group and the subdivisions of 

volleyball and basketball athletes is presented in Table 1. 

Table 1 

Demographic Profile of the Subjects 

Variable 

Age (yrs) 
VB 

BB 

TOTAL 

Weight (kgs) 
VB 

88 

TOTAL 

Range 
(Min. - Max.) 

4.0 
(18.0 - 22.0) 

3.0 
(18.0 - 21.0) 

4.0 
(18.0 - 22.0) 

21.9 
(57.5 - 79.4) 

22.9 
(55.8 - 78. 7) 

23.6 
(55.8 - 79.4) 

19.5 1.5 

19.0 1.0 

19.2 1.3 

67.0 5.4 

69.5 5.8 

68.2 5.6 

table continues 



Height (em} 
VB 

BB 

TOTAL 

Body Fat* (%} 
VB 

88 

TOTAL 

19.2 170.0 
(157.5 - 176.7} 

26.0 171.8 
(155.2 - 181 .2} 

26.0 170.4 
(155.2 - 181 .2} 

6.9 19.0 
(14.8 - 21.7} 

10.9 19.4 
(14.8 - 25. 7} 

10.9 19.2 
(14.8 - 25. 7} 

VB = volleyball BB = basketball 

6.7 

7.0 

6.8 

1.9 

2.7 

2.3 

* according to sum of triceps. iliac crest and thigh skinfolds 
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The basketball and volleyball subjects were within 1.5 years in 

age, within 2.5 kg in weight and within 1.8 em in height. The mean 

age for basketball athletes was 19 years, whereas, the volleyball 

athletes' mean age was 19.5 years. The mean weight and height of 

the basketball players, 69.5 kg and 171.8 em respectively, was 

slightly higher than the volleyball players mean weight (67.0 kg} 

and height (170.0 em}. The skinfold sum combined the triceps, iliac 

crest, and thigh skinfolds. The individual subject's skinfold sums 

are presented in Appendix D. The mean skinfold sum for the total 

group was 47.4 mm (refer to Appendix D). According to Jackson, 

Pollock and Ward (1980), the skinfold sums, which ranged between 

35.3 mm and 65.3 mm, placed the percent fat range between 14.8% 

and 25.7%. Therefore, all subjects met the percent body fat of 12% 

to 27% criterion. These percents of body fat were within the 



normal range for college age women. It was observed that the 

volleyball group's mean body fat of 19.0% was less than the 

basketball group's mean body fat of 19.4%. Also, the basketball 

players displayed more variance in adipose tissue than the 

volleyball players. 

Descriptive Kinematic Variables 
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The kinematic variables were selected to provide more 

information on the jump performance relative to the amount of 

countermotion at the hip and knee, the temporal sequence, and 

velocity of the lower extremity segments, and the interaction of 

the segments' contribution during the concentric phase. The first 

research question was selected to describe the amount of 

countermotion used for both jump conditions. The extreme hip and 

knee flexion was measured by noting the smallest absolute angle in 

degrees for each joint. The hip joint was measured from the 

anterior, whereas, the knee was measured posteriorly. The 

maximum hip and knee flexion data are presented in Table 2. 
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Table 2 

Jci!Jt Aogl!:!s at Ccu llt!:!C!IlQtiQ o L.Cllll EQill!s 

CMJ DJ 
Variable Range .M Range .M 

(Min. - Max.) (Min- Max.) 

Lowest Knee Angle 
(degrees) 

VB 51.0 80.5 16.2 35.0 86.8 9.7 
(48.0 - 99.0) (68.0 - 103.0) 

BB 27.0 93.3 19.0 35.0 90.3 9.2 
(80.0 - 1 07.0) (78.0 - 113.0) 

TOTAL 59 0 86.0 11.7 45.0 88.5 18.4 
(48.0 - 1 07.0) (68.0 - 113.0) 

Lowest Hip Angle 
(degrees) 

VB 35.0 68.5 11.6 47.0 81.6 12.9 
(53.0 - 88.0) (57.0 - 1 04.0) 

BB 38.0 84.8 11.2 72.0 90.7 8.4 
(70.0 - 1 08.0) (57.0 - 129.0) 

TOTAL 55.0 76.4 13.9 72.0 86.6 18.4 
(53.0 - 1 08.0) (57.0 - 129.0) 

The extreme flexed position of the knee was close to 1.57 rad 

(900) for all conditions with the exception of the volleyball group's 

CMJ which used 1 .40 rad (80.50) of knee flexion. The volleyball 

players flexed their knees slightly more than the basketball players 

for both conditions. During the CMJ, the knee flexion was 1.40 rad 

(80.50) for the volleyball group and 1.63 rad (93.3°) for the 

basketball group, whereas, the in the DJ the flexion was 1.51 rad 



(86.80) for the volleyball group and 1.58 rad (90.30) for the 

basketball group. 
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Generally, hip joint flexion was not as consistant as knee joint 

flexion. The amount of flexion at the hip joint ranged between 

1.40 rad (80.00) and 1.57 rad (900) with the exception of the 

volleyball CMJ. For the volleyball group the mean hip angle was 

1.2 rad (68.50) in the CMJ and 1.42 rad (81.60) in the DJ, whereas, 

the basketball group's mean hip angle was 1.48 rad (84.80) in the 

CMJ and 1.58 rad (90.70) in the OJ. The volleyball group used more 

hip flexion in the CMJ than the DJ and more hip flexion in both jump 

conditions than the basketball group. During the CMJ, both groups 

flexed the hip more than in the DJ. 

The temporal segmental sequence of the lower extremities was 

of interest to the investigator. The second research question was 

to identify the timing of segmental extension during the concentric 

phase of both jump conditions. The temporal extension sequence 

was an attempt to describe part of the jump pattern coordination. 

To determine if the extension pattern of the lower extremities 

differed between the CMJ and OJ, the order in which the segments 

initiated extension was identified for each athlete under the two 

jump conditions. If two segments initiated extension 

simultaneously, both segments were assigned the same sequential 

number. Frequencies were taken for each segment's extension order 

in the CMJ and OJ. From these frequencies, a group percentage for 



each segmental order was determined. The data were calculated 

for the total group and the two sport groups. The data are 

presented in Table 3 for CMJ and Table 4 for OJ. 

Table 3 

Segmental Seguence Percentages for CMJ 

SEGMENT TOTAL(n=25) VB(n=13) BB(n=12) 
n % n 0/o n o/o 

TRUNK 
*1st 23 92% 11 84.6% 12 100% 
2nd 2 8% 2 15.4% 0 0% 
3rd 0 0% 0 0.0% 0 0% 
4th 0 0% 0 0.0% 0 0% 

THIGH 
1st 5 16% 3 23.1% 2 16.7% 
2nd 20 84% 10 76.9% 10 83.3% 
3rd 0 0% 0 0.0% 0 0.0% 
4th 0 0% 0 0.0% 0 0.0% 

SHANK 
1st 0 0% 0 0.0% 0 0.0% 
2nd 3 12% 0 0.0% 3 25.0% 
3rd 1 5 60% 1 0 76.9% 5 41.7% 
4th 7 28% 3 23.1% 4 33.3% 

FOOT 
1st 0 0% 0 0.0% 0 0.0% 

2nd 0 0% 0 0.0% 0 0.0% 

3rd 10 40% 3 23.1% 7 58.3% 

4th 1 5 60% 10 76.9% 5 41.7% 

* Order of segmental extension during concentric phase 
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For the majority of each group the shank segment started 

extension third in the sequence (60% for the total group, 76.9% for 

the volleyball athletes, and 41.7% for the basketball players). 

Twenty five percent of the basketball athletes used the shank 

second in the extension order during the CMJ, whereas, the 

volleyball players never used the shank second in the extension 

pattern for the CMJ. The shank extended fourth for 28% of the 

entire group, for 23.1% of the volleyball players, and for 33.3% of 

the basketball players. 

The foot extended either in the third or fourth position for all 

groups. Extension of the foot ranked third for 40% of the whole 

group, for 23.1% of the volleyball players, and for 58.3% of the 

basketball players. Fourth position for extension of the foot 

occurred in 60% of the entire group, in 76.9.% of the volleyball 

group, and in 41.7% of the basketball group. By studying the entire 

table, it can be observed that the CMJ followed a sequential pattern 

from proximal to distal segments. 

During the DJ, the segmental sequential pattern was more 

diverse among the subjects and groups. The segmental sequence 

data for the DJ are presented in Table 4. 



Table 4 

Segmental Segyence Percentages for OJ 

SEGMENT TOTAL(n=25) 
n % 

V8(n=13) 
n % 

76 

88(n=12) 
n % 

TRUNK 
•1 st 
2nd 
3rd 
4th 

. 1 1 
9 
5 
0 

44% 
36% 
20% 
0% 

6 
5 
2 
0 

46.1% 
38.5% 
15.4% 
0.0% 

5 41.7% 
4 33.3% 
3 25.0% 
0 0.0% 

THIGH 
1st 
2nd 
3rd 
4th 

SHANK 
1st 
2nd 
3rd 
4th 

FOOT 
1 st 
2nd 
3rd 
4th 

1 7 
8 
0 
0 

1 
8 

12 
4 

2 
2 
7 

15 

' 68% 
32% 
0% 
0% 

4% 
32% 
48% 
16% 

8% 
8% 
24% 
60% 

8 
5 
0 
0 

1 
2 
7 
3 

0 
1 
4 
8 

61.5% 
38.5% 

0.0% 
0.0% 

7.7% 
15.4% 
53.8% 
23.1% 

0.0%% 
7.7% 

30.8% 
61.5% 

• Order of segmental extension during concentric phase 

9 75.0% 
3 25.0% 
0 0.0% 
0 0.0% 

0 0.0% 
6 50.0% 
5 41.7% 
1 8.3% 

2 16.7% 
1 8.3% 
2 16.7% 
7 58.3% 

In the DJ segmental sequence pattern, the trunk ranked first 

through third in the initiation of extension. The trunk initiated 

extension first for 44% of the entire group, for 46.2% of the 

volleyball players, and for 41.7% of the basketball players. The 



trunk was second in 36% of the total group, in 38.5% of the 

volleyball group, and in 33.3% of the basketball group. Third 

position for the trunk occurred in 20% of total group, in 15.4% of 

the volleyball group, and in 25% of the basketball group. For all 

groups, the thigh began extension either first or second in the OJ 

pattern. For the majority of each group, the thigh segment 
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initiated extension first for 68% of the total group, for 61.5% of 

the volleyball players, and for 75% of the basketball players. 

Second position for the thigh was less prevalent for all groups with 

the percentages being 32% for the entire group, 38.5% for the 

volleyball athletes, and 25% for the basketball athletes. 

The sequential position for the shank and foot segments were 

more varied. One individual in the volleyball group initiated 

extension first with the shank which accounted for 4% of the total 

group and 7.7% of the volleyball group. Initiation of shank 

extension second occurred in 32% of the entire group, 15.4% of the 

volleyball group and 50% of the basketball group. Third position for 

shank extension happened 48% in total group, 53.8% in volleyball 

group, and 41.7% in basketbarr group. The shank, being the last 

segment to extend in the OJ pattern, occurred 16% in total, 23.1% in 

volleyball athletes and 8.3% in basketbarr athletes. For two 

basketball players, the foot initiated extension first which 

accounted for 8% of the total and 16.7% of the basketball group. 

One athlete from each sport group started foot extension second in 
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the DJ pattern. Most of the subjects started extension of the foot 

fourth, 61.5% of the volleyball players, 58.35% of the basketball 

players and 60% of the total. The second most common sequential 

position of the foot was third, 30.8% for volleyball athletes, 16.7% 

for basketball athletes, and 24% for total group. Although the OJ 

was performed predominantly with a sequential pattern, the order 

in which the segments progressed was less clear due to the 

percentage discrepancies within each segment's temporal sequence. 

In most of the OJ patterns, the thigh segment usually preceded the 

trunk in extension, but it was difficult to decern the order for the 

remaining segments. This amibuity of segmental sequence was 

true for both sport groups. 

The third research question regarding time delays between the 

lower extermity segments was devised to help identify the skill 

level of jump performances according to Hudson's (1986) brief time 

delay criteria. To present a more complete description of the 

performance pattern used in both jump conditions, the time delays 

between the extension of the first and second segment and the 

second and the third segment were extracted from the video data. 

The first time delay represented the time between the first and 

second segment. The second time delay was the time between the 

second and third segment. If two segments began extension 

simultaneously, the time delay was zero. If the simultaneity of 

two segments occurred to initiate the jump, the first time delay 
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was zero. Similarly, if two, segments started simultaneously in 

second position, the second time delay was zero. The time delays 

are presented in Table 5. 

Table 5 

Segmental Tjme Delays for CMJ and OJ 

CMJ DJ 
Variable Range M Range M 

(Min. - Max.) (Min - Max.) 

Segment 1 - 2 Delay (ms) 

VB 50.0 28.8 14.2 70.0 16.9 19.0 
(0.0 - 50.0) (0.0 - 70.0) 

88 60.0 18.8 22.2 75.0 24.6 27.0 
(0.0 - 60.0) (0.0 - 75.0) 

TOTAL 60.0 24.0 18.8 75.0 20.6 23.0 
(0.0- 60.0) (0.0 - 75.0) 

Segment 2 - 3 Delay (ms) 

VB 155.0 82.7 38.1 190.0 74.2 52.1 
(30.0 - 185.0) (5.0 - 195.0) 

BB 95.0 61.7 28.7 145.0 51.7 47.4 
(0.0 - 95.0) (0.0 - 145.0) 

TOTAL 185.0 72.6 34.9 195.0 63.4 50.2 

The comparison of mean time delays for CMJs and DJs were 

considered first. For the CMJ the time intervals between segments 

one and two were lower for the basketball athletes (18.8 ms) 

compared to volleyball athletes (28.8 ms). Time between segments 
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two and three was less for the basketball (61.7 ms) compared to 

volleyball athletes (82.7 ms). For the DJ, the volleyball players had 

a shorter time delay between segments one and two (16.9 ms) as 

opposed to basketball players (24.6 ms). However the DJ time delay 

between the second and third segments was greater for volleyball 

players (74.2 ms) versus basketball players (51.7 ms). By 

evaluating the standard deviations (SD) of the time delays it 

became apparent that the basketball players displayed more 

variance in both the CMJ and DJ for the time delay between the 

first and second segments, whereas, the volleyball players had 

more variance between the second and third segment's time delay 

in both the CMJ and the DJ. 

The fourth research question was intended to further describe 

the speed and timing elements involved in the concentric phase of 

jump conditions. To give an indication of segmental speed during 

the concentric phase, the maximum velocities of the segments 

were noted for both jump conditions. Table 6 shows that all three 

segments reached higher velocities during the CMJ than the OJ. 
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Table 6 

Qco~:<~otci~:< ebasf! S~grn~ot ~~lc~:<iti!:!S fQ[ QMJ am:! OJ 

CMJ OJ 
Variable Range M SQ Range M 

(Min. - Max.) (Min - Max.) 

Maximum Trunk Velocity 
(O/s) 

VB 255.4 263.9 72.7 185.7 243.6 56.6 
(148.0-403.4) (187 .6-373.3) 

BB 131 .2 246.0 46.3 164.0 242.2 46.1 
(176.6-307.7) (133.1-297.1) 

TOTAL 255.4 255.3 60.9 240.1 242.9 248.8 
(148.0-403.4) (133.1-373.3) 

Maximum Thigh Velocity 
(O/s) 

VB 198.9 531.8 61.9 198.7 501.6 52.1 
(433.1-632.0) (399. 7-598.4) 

BB 247.1 476.6 66.6 194.8 448.4 64.0 
(382.0-630.1) (374.6-569.5) 

TOTAL 249.0 505.3 68.9 223.7 476.1 308.8 
(383.0-632.0) (374.6-598.4) 

Maximum Shank Velocity 
(Ofs) 

VB 312.0 582.5 76.5 414.5 566.9 104.3 
(415.9-727.9) (384.2-798. 7) 

BB 692.6 528.4 169.4 463.2 504.4 116.4 
(333.4-1 026.0) (356.6-819.8) 

TOTAL 692.6 556.5 129.8 463.2 536.9 551.1 
(333.4-1 026.0) (356.6-819.8) 

The maximum velocity of the trunk was slightly faster during 

the CMJ for both groups. The volleyball athletes had a trunk 
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velocity of 4.6 rad/s (263.9 Ofs) for the CMJ and 4.25 rad/s 

(243.6 Ofs) for the OJ, whereas, the basketball athletes' trunk mean 

velocity was 4.29 rad/s (246.0 Ofs) for the CMJ and 4.23 rad/s 

(242.2 Ofs) for the OJ. During the CMJ the volleyball players' mean 

trunk velocity was faster than was the basketball players. 

The thigh segment velocity was the next to be considered. By 

comparing the mean velocities of the thigh for the CMJ and the OJ, 

. it was observed that the thigh velocity was faster during the CMJ 

than the OJ. The volleyball group reached a mean velocity of 

9 .. 28 rad/s (531.8 Ofs) in the CMJ and 8.75 rad/s (501.6 Ofs) in the 

OJ, whereas, the basketball group, which was slower under both 

jump conditions, achieved a mean velocity of 8.32 rad/s (476.6 Ofs) 

in the CMJ and 7.83 rad/s (448.4 Ofs) in the OJ. 

The last segment velocity to be considered was the shank. Both 

sport groups had higher mean shank velocities for the CMJ than the 

DJ. The volleyball group had mean shank velocities of 10.17 rad/s 

· (582.5 Ofs) for the CMJ and 9.89 rad/s (566.9 Ofs) for the OJ, 

·whereas, the basketball group had mean shank velocities oi 

· 9.22 rad/s (528.4 Ofs) and 8.8 rad/s (504.4 Ofs) for the CMJ and OJ, 

respectively. The volleyball group reached higher mean shank 

velocities for both jump conditions. 

The final research question was an attempt to identify the 

·coordination between the segments during the force production 

phase of the jumps. The shared positive contribution variable 
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which was devised by Hudson (1986) described the interaction of 

the segmental contributions. The shared positive contribution 

variables consisted of shared contributions between the trunk and 

thigh as well as the thigh and shank. Providing a segment 

maintained angular acceleration for extension, it was considered to 

be positively contributing to the power phase. These shared 

positive contributions were a percentage of time that two adjacent 

segments were simultaneously contributing over the total time 

that any one segment was contributing to the power. These 

variables are presented in Table 7. 
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Table 7 

Segmental Contrjbytjons 

CMJ OJ 
Variable Range M .s.o Range M 

(Min. - Max.) (Min - Max.) 

Shared Positive Contribution TR & TH (%) 

VB 74.6 68.4 22.4 79.0 68.2 24.2 
(14.5 - 89.1) (18.2 - 97 .2) 

88 76.8 66.1 23.9 49.7 74.9 13.3 
(23.2 -1 00.0) (43.1 - 92.9) 

TOTAL 85.5 67.3 22.7 79.0 71.4 19.6 
(14.5 -1 00.0) (18.2- 97.2) 

Shared Positive Contribution TH & SH (%) 

VB 37.9 66.9 11.7 56.4 64.1 18.3 
(42.4- 80.3) (39.4 - 95.8) 

88 46.9 69.8 13.5 48.6 63.9 14.7 
(53.1 -1 00.0) (38.9 - 87 .5) 

TOTAL 57.6 68.3 12.4 56.9 64.0 16.3 
(42.4 -1 00.0) (38.9 - 95.8) 

TR =Trunk TH =Thigh SH =Shank 

The amount of positive shared contribution between the trunk 

and thigh was similar for the CMJ and OJ. The basketball group's 

shared positive thigh and trunk contribution was 66.1% in the CMJ 

and slightly more in the OJ (74.9%). The volleyball group had 

virtually the same trunk and thigh shared contribution 68.4% in the 

CMJ and 68.2% in the OJ. Both sport groups had slightly Jess shared 

contribution between the thigh and shank in the OJ condition. The 
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volleyball players' thigh and shank contribution was 66.9% for the 

CMJ and 64.1% for the OJ, whereas, the basketball players had 

69.8% and 63.9% for the CMJ and OJ, respectively. 

In summary, the descriptive kinematic variables provided some 

general information regarding the jump techniques used during the 

CMJ and OJ. It was apparent that the knee joint flexed to 

approximately 1 .57 rad (900) for all conditions. except the 

volleyball CMJ. The hip flexion was consistant in all conditions 

with the exception of the volleyball CMJ. During the CMJ, the 

volleyball athletes used more hip and knee flexion than their OJ and 

than both basketball jump conditions. The temporal segmental 

pattern used for both jump conditions was sequential. The CMJ 

pattern followed a proximal to distal order, but it was difficult to 

identify a specific segmental order for the OJ. The second time 

delay was longer than the first time delay for both jump conditions 

and sport groups. The maximum segmental velocities were slightly 

higher for all segments in the CMJ. The thigh maximum velocity 

had the greatest difference in velocity between the CMJ and the OJ 

and the volleyball group was higher than the basketball group. The 

shared positive contributions for adjacent segments were similar 

for both jump conditions. 

Eccentric Phase of Jump Performance 

During the downward motion of a OJ, the muscles which 

underwent eccentric contraction were being worked to a greater 
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degree than the same muscles during a CMJ. The amount of muscle 

loading was depicted by the: maximum downward velocity of the 

body's COM, the descent distance of the body's COM, and the duration 

of eccentric time. Since gravity accelerated the body's COM during 

the drop, the DJ condition was expected to demonstrate larger 

downward velocities of the body's COM. If the COM drops faster, 

the eccentric time period is decreased. The loading factor 

variables were selected out of the video data and are presented in 

Table 8. 
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Table 8 

Loadjng Factor Consjderatjons 

CMJ OJ 
Variable Range M .SO Range M 

(Min. ~ Max.) (Min - Max.) 

Maximum Downward Velocity of body's COM (cm/s) 

VB 150.0 183.8 42.0 116.3 268.8 28.2 
(131.5-281.6) (221.9-338.2) 

BB 73.4 149.5 21.6 43.6 239.5 12.7 
(114.9-188.3) (219.7-263.3) 

TOTAL 166.7 167.3 37.4 118.5 254.8 26.4 
(114.9-281.6) (219. 7 -338.2) 

Descent Distance of body's COM (em) 

VB 17.0 36.6 5.0 21.4 31.6 6.1 
(28.8 - 45.8) (22.9 - 44.3) 

BB 18.8 30.2 5.2 28.3 26.9 7.6 
(21 .9 - 40. 7) (12.9 - 41.2) 

TOTAL 23.9 33.5 6.0 31.4 29.3 7.1 
(21.9 - 45.8) (12.9 - 44.3) 

Eccentric Time (ms) 

VB 445.0 575.4 145.5 220.0 265.8 69.9 

( 440. 0-885.0) (170.0-390.0) 
BB 320.0 483.3 101.3 205.0 234.6 51.6 

(370.0-690.0) (130.0-335.0) 
TOTAL 515.0 531.6 132.0 260.0 251.2 305.1 

(370.0-885.0) (130.0-390.0) 

The first hypothesis dealt with the loading factor variable of 

maximum downward velocity of the body's COM. The higher the 
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maximum velocity of the body's COM, the greater the load placed on 

the extensor muscles going through eccentric contraction. The 

force of gravity had the preliminary drop time period to accelerate 

the COM prior to the downward countermotion of the OJ. It was 

evident that there was a difference between the mean velocities of 

the CMJ and OJ for both sport groups. The mean velocities for the 

CMJ were 183.8 cm/s for volleyball players and 149.5 cm/s for 

basketball players, whereas, the DJ mean velocities were 

268.8 cm/s for volleyball athletes and 239.5 cm/s for basketball 

players. By making a comparison between the two groups of 

athletes, a difference was observed between the mean velocities of 

the two sport groups. The volleyball players' COM descended faster 

in both jump conditions than the basketball players. These 

differences, which are presented in Table. 9, were found to be 

significant with an ANOVA. 
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Table 9 

QQM Ma~imum OQWIJ~arc ~eiQQi!l! fQr QMJ ace 1:2J (~:<mlsl 

~ .SS. .d.1 t£ E ,Q 

Sport 125.99 1 125.99 1 0.83* 0.003 
Error 267.62 23 11.64 

Jump 956.26 1 956.26 203.44* <.0001 
Interaction 7.63 1 7.63 0.16 
Error 108.11 23 47.01 

• significance < .01 

The second hypothesis was selected to provide information 

regarding muscle stiffness. This second loading. factor variable 

was the descent distance of the body's COM. This distance was 

determined by subtracting the lowest height of the COM during the 

jump countermotion from the height of the COM during standing. A 

significant difference was found between the CMJ and the OJ for 

both groups. The COM descended further during the CMJ, 36.6 em for 

the volleyball group and 30.2 em for the basketball group relative 

to the OJ descent of 31.6 em for volleyball athletes and 26.9 em for 

the basketball athletes. There was a significant difference 

between the two groups of athletes in the distance of descent 

(refer to Table 1 0). The volleyball players descended further in 

both jump conditions than the basketball players. 
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Table 10 

CQM O~S!:<~Dl OislaDt:f! (!<!D) 

IDl .ss. Qf MS E ll 

Sport 378.53 1 378.53 6.35* <.0001 
Error 1371.16 23 59.62 

Jump 211.53 1 211.53 15.53* .0007 
Interaction 9.56 1 9.56 0.70 .41 
Error 313.19 23 13.61 

* significance < .01 

The third hypothesis, regarding eccentric time, was the final 

variable that dealt with the loading factors placed on the extensor 

muscles of the lower extremities. The shorter the time interval, 

the greater the load placed upon the extensor muscles during the 

eccentric phase. By comparing all the eccentric time means for the 

two jump conditions it was apparent that the DJ eccentric time 

was less than half the eccentric time of the CMJ. Since the DJ 

eccentric time was approximately half of the CMJ eccentric time 

for all groups, it was expected that there would be a significant 

difference between the two jump conditions, but not necessarily a 

significant difference between the sport groups. The results of the 

ANOVA indicated that there was a difference between the jump 

conditions but no difference between the volleyball and basketball 

athletes (refer to Table 11). 
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Table 11 

E~!lDWti Iim~ filr QMJ ao~j QJ 

~ .ss .d..f .MS. E l2 

Sport 46.11 1 46.11 3.42 0.07 
Error 310.39 23 13.50 

Jump 972.73 1 972.73 156.25* < .0001 
Interaction 11.56 1 11.56 1.86 0.18 
Error 143.19 23 6.23 

* significance < .01 

In summary, the eccentric time interval was shorter during the 

DJ than the CMJ. For both sport groups, the COM dropped at a higher 

velocity during the OJ and the distance of descent was greater 

during the CMJ. Under both jump conditions, the volleyball athletes' 

COM descended faster and further than the COM of the basketball 

athletes. 

Concentric Phase of Jump Performance 

The concentric phase variables consisted of the concentric time 

period and simultaneity. The fourth hypothesis was concerned with 

the concentric time period. The concentric time period began with 

the initial raise in the COM and stopped at takeoff. The fifth 

hypothesis referred to degree of simultaneity among the segments 

of the lower extremity. The time period over which all three 
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segments were accelerating was termed as simultaneity and was 

calculated as a percentage of the total time period over which any 

segment was accelerating. The sixth hypothesis regarding the 

percent of utilized stored elastic energy was of interest because 

there were descrepancies in the results of stored elastic energy 

research. The seventh hypothesis was related to the power which 

the athlete developed during the concentric phase of the jump. The 

height of the jump was determined by power generated by the jump 

performance. The jump height in em was measured by subtracting 

the standing height of the COM from the highest point which the 

COM achieved during the jump. The variables of the concentric 

phase are presented in Table 12. 



Table 12 

Concentric Phase 

Variable Range 
(Min. - Max.) 

Concentric Time (ms) 

VB 145.0 
(250.0-395.0) 

BB 205.0 
(21 0.0-415.0) 

TOTAL 205.0 
(21 0.0-415.0) 

CMJ 
M 

320.0 

282.9 

301.8 

Simultaneity of TR,TH,SH (%) 

VB 56.9 41 .8 
(13.7 - 70.6) 

BB 80.7 38.3 
(1.8 - 82.5) 

TOTAL 80.7 40.1 
(1.8 - 82.5) 

TR "' trunk TH =thigh 

46.2 

52.4 

52.1 

20.9 

26.5 

23.3 

Range 
(Min -Max.) 

175.0 
(220.0-395.0) 

160.0 
(160.0-395.0) 

235.0 
(160.0-395.0) 

70.8 
(00.0 - 70.8) 

82.8 
(00.0- 82.8) 

82.8 
(00.0 - 82.8) 

SH =shank 

OJ 
M 

280.4 

253.7 

267.2 

41.3 

51.3 

46.1 

93 

60.5 

47.7 

55.6 

25.4 

26.0 

25.6 

The concentric time of the CMJ was longer than the OJ for both 

groups of athletes. The volleyball group spent a mean time of 

320.0 ms in the CMJ and 280.4 ms in the OJ. The basketball players 

had a mean time of 282.0 ms during the CMJ and mean time of 

253.7 ms during the DJ. The difference between the two groups 

was not significant, however there was a significant difference 
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between the two jump conditions relative to concentric time period 

(refer to Table 13}. 

Table 13 

Concentric Tjme for CMJ and OJ 

SY .ss. .d..f fl.§ E ll 

Sport 13.34 1 13.34 3.05 .094 
Error 100.54 23 4.37 

Jump 14.76 1 154.76 13.54. .001 
Interaction .34 1 .34 0.31 .582 
Error 25.08 23 1.09 

• significance < .01 

In summary, the means for the variables which tested 

significant are presented in Table 14. Row and column means for 

sport groups and jump conditions provided additional information. 

It was more evident with these additional means that there was no 

interaction between the group and jump condition (refer to 

Table 14}. 



Table 14 

Cell. Row. and Column Means .for Jumo Conditions by Sport 

VARIABLE VARIABLE 

COM Maximum Downward Velocity Descent Distance of Body's COM 

SPORT CMJ . OJ SPORT CMI OJ 

VB 183.7 268.8 226.3 

BB 149.5 239.5 194.5 

167.3 254.7 

VARIABLE 

Eccentric Time (ms) 

SPORT 
VB 

BB 

CMJ OJ 

575.4 265.8 420.6 

484.2 235.4 359.8 

531.6 251.2 

VB 36.5 31.5 34.0 

BB 30.1 26.9 28.5 

33.4 29.3 

VARIABLE 

Concentric Time (ms) 

SPORT 

VB 

BB 

CMJ OJ 

320.0 280.4 

282.1 252.9 

301.8 267.2 

300.2 

267.5 
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The percent of simultaneity did not change between the CMJ and 

OJ for the volleyball players. For the volleyball group, the 

simultaneity means were 41 .8 % for the CMJ and 41.3% for the OJ. 

For the basketball players, the simultaneity means increased from 

38.3% for the CMJ to 51.3% for the DJ. There was no significant 

difference in percent simultaneity (refer to Table 15 ). 

Table 15 

EIW:<!!Dl Qf Sirnultac!!ill! 

SY .ss. t!.f MS E 12 

Sport 146.67 1 146.67 0.16 .696 
Error 21558.54 23 937.33 

Jump 453.61 1 453.61 1.52 .229 
Interaction 530.72 1 530.72 1.78 .195 
Error 6844.77 23 297.60 

Stored Elastic Energy in Jump Performance 

Stored elastic energy and the peak jump height were variables 

that were addressed in the sixth and seventh hypotheses. Stored 

elastic energy was calculated by the difference in energy between 

the static jump and it's paired CMJ or OJ concentric phase divided 

by energy of the eccentric phase the jump condition (Asmussen & 

Sonde-Petersen, 1974a, Husdon, 1981). The jump height was 

measured in em by subtracting the standing height of the COM from 



97 

the maximum vertical height of the COM during the jump. These 

variables are presented in Table 16. 

Table 16 

S!Qr~g Ela:ztiQ En~rgJ! aod Jum12 !:::!~ight 

CMJ DJ 
Variable Range M SQ Range M 

(Min. - Max.) (Min - Max.) 

Stored Elastic Energy (%) 

VB 86.0 46.8 29.4 78.1 46.7 21.2 
(2.83 - 88.9) (1 0.7 - 88.8) 

BB 87.3 55.8 33.2 92.1 41.8 27.0 
(12.1 - 99.4) (7.8 - 99.9) 

TOTAL 96.6 51.1 31.0 92.1 44.4 24.0 
(2.8 - 99.4) (7.8 - 99.9) 

Jump Height* (em) 

VB 18.4 38.1 5.1 16.8 38.0 5.3 
(27.7 - 46.1) (28.9 - 45.7) 

88 14.2 36.5 4.3 14.6 37.5 4.5 
(30.5 - 44.7) (31 .3 - 45.9) 

TOTAL 18.4 37.4 4.7 17.0 37.8 4.8 

(27.7 - 46.1) (29.0 - 45.9) 

* difference between body's COM standing to jump peak 

The percent stored elastic energy did not differ between the two 

jump conditions for the volleyball athletes. The mean percent 

stored elastic energy of the volleyball group was 46.8% for the CMJ 

and 46.7% for the OJ. The basketball athletes had mean stored 
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elastic energy value of 55.8% in the CMJ and 41.8% in the OJ. 

Neither difference between the sport groups or the jump condition 

was significant (refer to Table 17). 

Table 17 

Stored Elastjc Energy jn the CMJ and OJ 

~ .ss d..f 

Sport 40.49 1 
Error 258.71 23 

Jump 17.18 1 
Interaction .91 1 
Error 213.82 23 

40.49 
11.25 

17.18 
91.00 

9.30 

E 

3.60 

1.85 
0.10 

.070 

.187 

.757 

The seventh hypothesis dealt with the generation of power 

during the concentric phase and was observed by the jump height 

achieved in each jump condition. For the CMJ, the jump height was 

virtually the same for both sport groups, 38.1 em for volleyball 

athletes and 36.5 em for basketball athletes. The OJ peak 

projection heights were 38.0 em and 37.5 em for volleyball and 

basketball, respectively. There was not a significant difference 

between the jump heights of the two jump conditions for either 

sport group (refer to Table 18). 



Table 18 

Jump hejght for CMJ and OJ 

' t!..f ' E 

Sport 13.18 1 13.18 0.31 
Error 992.64 23 43.16 

Jump 2.26 1 2.26 0.73 
Interaction 3.65 1 3.65 1.18 
Error 71.18 23 3.09 

Summary of Hypotheses 

1. There is no significant difference in the CMJ and OJ in 

maximum downward velocity of the body's COM during the 

preliminary countermotion in female basketball and volleyball 

athletes. 

REJECTED 

99 

.586 

.402 

.289 

2. There is no significant difference between the CMJ and DJ in 

the descent distance of the body's COM during the countermotion in 

female basketball and volleyball athletes. 

REJECTED 

3. There is no significant difference between the CMJ and DJ in 

the eccentric time period in female athletes. 

REJECTED 
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4. There is no significant difference between the CMJ and OJ in 

the concentric time period in female athletes. 

REJECTED 

5. There is no significant difference between the CMJ and OJ in 

the percent simultaneity of the lower extremity segments 

extension in female athletes. 

ACCEPTED 

6. There is no significant difference between the CMJ and OJ in 

the percent stored elastic energy in female athletes. 

ACCEPTED 

7. There is no significant difference between the CMJ and OJ in 

the peak jump height in female athletes. 

ACCEPTED 



CHAPTERV 

DISCUSSION 

The primary purpose of this study was to determine if there 

are differences between the CMJ and DJ in the following selected 

biomechanical variables: (a) the maximum downward velocity of 

the body's COM in the countermotion, (b) the descent distance of 

the body's COM during the countermotion, (c) the duration of the 

eccentric and concentric time periods, (d) the degree of 

simultaneity of the lower extremity segments during the 

concentric phase, (e) the amount of stored elastic energy utilized 

by the leg extensor muscles, and (f) the vertical projection heights 

of the body's COM in the vertical jump. The secondary purpose of 

this study was to compare the CMJ and DJ based on: (a) the degree 

of flexion at the hip and knee joint at the low point of the 

countermotion, (b) the temporal segmental sequences in 

percentages, (c) the time delays between segmental extension 

during the concentric phase, (d) the maximum lower extremity 

segmental velocities, and (e) the shared positive contribution of 

adjacent segments. 

The information in this chapter is organized into the following 

headings: (a) Summary of the Findings, (b) Discussion, 

(c) Conclusions, and (d) Recommendations for Future Research. The 
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order in which the topics were addressed follows the order of 

presentation of the research questions and hypotheses. 

Summary of the Findings 
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The demographic data of the subjects were analyzed 

descriptively by ranges, means, and standard deviations. The 

demographic profile included age, weight, height and percent body 

fat. The two sport groups were within .5 years of age and .4% body 

fat. The total group means were 19.2 years for age and 19.2% for 

body fat. The volleyball group's weight and height means were 67.0 

kg and 170.0 em, whereas, the basketball group's weight and height 

means were 69.5 kg and 171.8 em, respectively. Generally, the 

basketball players were slightly taller and heavier. According to 

the skinfold sums and derived body fat percentages basketball 

athletes displayed more variance in adipose tissue. 

The first descriptive kinematic variable was the degree of 

knee and hip flexion at the low point of the countermotion. Knee 

flexion was consistantly around 1 .57 rad (90°) for both the sport 

groups and under both jump conditions with the exception of the 

volleyball CMJ. Volleyball players flexed their knees slightly more 

than basketball player under both jump conditions. The amount of 

hip flexion was consistantly between 1.4 rad (800) and 1.57 rad 

(900) with the exception of the volleyball CMJ. Hip flexion was 

greater for the the CMJ for both sport groups. Also in the CMJ, 

there was more difference between the sport groups in hip flexion. 



The volleyball group used more flexion at the hip for both jump 

conditions .. 
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The second descriptive kinematic variable was the temporal 

segmental' sequence of the lower extremities during the concentric 

phase. ·A percentage was calculated to indicate the frequencies of 

the total group, volleyball athletes, and basketball athletes. The 

percentages for the CMJ clearly indicated that all athletes 

performed the jump with a sequential pattern which progressed 

from proximal to distal. Ninety-two percent of the athletes 

initiated extension with the trunk. The second segment was the 

thigh for 84% of the athletes. The shank was third for 52% of the 

athletes, and foot was fourth for 52% of the athletes. However, the 

segmental sequence of the OJ was much less defined. The trunk 

began extension either first in 44% of the DJ performances and 

second in 36% of the DJ performances. There was more diversity 

among the performances with the shank and foot extension. It 

appeared that both sport group's DJ performance did not follow any 

particular pattern. The OJ segmental order was not as clearly 

defined as the CMJ proximal to distal progression. 

The third descriptive kinematic variable was the two time 

delays between the first and second segmental extension and the 

second and third segmental extension. Both sport groups had lower 

CMJ mean time delays for the first delay relative to the second 

delay. For the CMJ, the basketball athletes had lower time 



intervals between both the first and second time delays. The 

basketball athletes' CMJ mean time delays were 18.8 ms and 
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61.7 ms, whereas, the. volleyball athletes' mean time delays were 

28.8 ms and 82.7 ms for the first and second delays, respectively. 

Since the OJ performance pattern was less defined, the mean time 

delays between the two sport groups were inconsistent. The 

volleyball group had a lower first delay, 16.9 ms relative to the 

basketball group's delay of 24.6 ms but the basketball group had a 

lower second delay, 51.7 ms relative to the volleyballs' group's 

74.2 ms. The inconsistency in the OJ pattern for both sport groups 

was evident in the time delay variable. 

The fourth descriptive kinematic variable was the maximum 

segmental extension velocities for the lower extremities during 

the concentric phase. All three segments reached higher maximum 

velocities during the CMJ over the OJ. For the total group the 

segmental maximum velocity means were 4.46 rad/s (255.3° /s) for 

the CMJ and 4.24 rad/s (242.9° /s) for the OJ for the trunk, 

8.82 rad/s (505.3°/s) for the CMJ and 8.31 rad/s (476.1°/s) for the 

OJ for the thigh, and 9.71 rad/s (556.5°/s) for the CMJ and 

9.37 rad/s (536.9°/s) for the OJ for the shank. The volleyball group 

had slightly higher segmental maximum velocities for all segments 

under both jump conditions. The maximum segmental mean 

velocities for volleyball athletes compared to basketball athletes 

were: (a) trunk CMJ velocities of 4.61 rad/s (263.90/s) for 
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volleyball and 4.29 rad/s (2460/s) for basketball, (b) trunk OJ 

velocities of 4.25 rad/s (243.60/s) for volleyball and 4.23 rad/s 

(242.20/s) for basketball, (c) thigh CMJ velocities of 9.28 rad/s 

(531.80/s) for volleyball and 8.32 rad/s (476.60/s) for basketball, 

(d) thigh OJ velocities of 8. 75 rad/s (501.60/s) for volleyball and 

7.83 rad/s (448.40/s) for basketball, (e) shank CMJ velocities of 

10.16 rad/s (82.50/s) for volleyball and 9.22 rad/s (528.40/s) for 

basketball, and (f) shank DJ velocities of 9.89 rad/s (566.90/s) for 

volleyball and 8.80 rad/s (504.40/s) for basketball. The volleyball 

group had more range of motion and used more time to develop the 

higher velocities over the basketball group. 

The fifth descriptive kinematic variable was the shared 

positive contribution between adjacent segments. Shared positive 

contribution between the trunk and thigh remained the same for the 

volleyball group during the CMJ (68.4%) and the DJ (68.2%). 

However the trunk and thigh shared positive contribution for the 

basketball group increased from 66.1% to 71.4% from the CMJ to the 

OJ. The increased shared positive contribution between the trunk 

and thigh during the DJ ·probably was responsible for the increased 

percent simultaneity in the OJ. Both sport groups had slightly less 

shared positive contribution between the thigh and shank in the DJ. 

However the thigh and shank positive contribution was within 2.3% 

for both groups under the two jump conditions. 



106 

The kinematic variables that were statistically analyzed by a 

two factor ANOVA are presented in the order of the hypotheses. 

The first three variables were related to the eccentric phase of the 

jump conditions. 

The first eccentric kinematic variable was the maximum 

downward velocity of the body's COM. It was expected that the DJ 

would have higher downward velocities of the body's COM due to the 

acceleration of gravity during the drop. The volleyball group had 

higher mean maximum velocities for both jump conditions. For the 

volleyball group the mean maximum velocities were 183.8 cm/s for 

CMJs and 268.8 cm/s for DJs, whereas, the basketball group's mean 

maximum velocities were 149.5 cm/s and 239.5 cm/s for the CMJ 

and OJ, respectively. There were significant differences found 

between the sport groups and the jump conditions. 

The second eccentric kinematic variable was the descent 

distance of the body's COM during the countermotion. Significant 

differences were found between the jump conditions and the sport 

groups. The COM descended further during the CMJ, 36.6 em for the 

volleyball group and 30.2 em for the basketball group as compared 

to the OJ descent of 31.6 em for volleyball athletes and 26.9 em for 

basketball athletes. The volleyball group descended further in both 

jump conditions than the basketball group. The larger descent 

distance provided a greater range over which to develop angular 
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velocity. Since the CMJ had less momentum assisting the motion, 

the larger descent distance was expected. 

The third kinematic· variable was the eccentric time period. 

The eccentric time phase was compared between the two jump 

conditions. The OJ eccentric time period was less than half the 

CMJ eccentric time period for the entire group and for both sport 

groups. For the total group the means for the eccentric time period 

were 531.6 ms for the CMJ and 251.2 ms for the OJ There was a 

significant difference between the jump conditions but not 

between the two sport groups. 

The next set of kinematic variables to be compared between 

the jump conditions and the sport groups were variables related to 

the concentric phase. The CMJ mean concentric time period was 

longer than the OJ mean concentric time period for the total group. 

The mean concentric time periods were: (a) 320.0 ms for the 

volleyball CMJ, (b) 282.9 ms for the basketball CMJ, (c) 280.4 ms 

for the volleyball OJ, and (d) 253.7 ms for the basketball OJ. There 

was a significant difference between the CMJ and DJ, but there was 

not a significant difference between the volleyball and basketball 

athletes. 

The second variable related to the concentric phase was the 

percent simultaneity of all three lower extremity segments. For 

the total group the means for percent simultaneity were 40.1% for 

the CMJ and 46.1 o/o for the OJ. There was no significant difference 
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between the jump condition or the sport groups. The third variable 

within the concentric phase was the percent of stored elastic 

energy utilized during the jump conditions. The means for percent 

stored elastic energy were: (a) 46.8% for the volleyball CMJ, 

(b) 55.8% for the basketball CMJ, (c) 46.7% for the volleyball DJ, 

and (d) 41.8% for the basketball DJ. Neither the jump condition or 

the sport groups were significantly different. 

The final kinematic variable was the peak jump height achieved 

from the two jump conditions. The mean peak jump height were: 

(a) 38.1 em for volleyball CMJs, (b) 36.5 em for basketball CMJs, 

(c) 38.0 em for volleyball DJs, and (d) 37.5 em for basketball DJs. 

It was apparent that there was no significant difference between 

the jump conditon or the sport groups. 

Discussion 

Subjects within the sport groups of this study were similar in 

age, weight, height, and skinfold sums to other studies which 

reported on body composition and physiques of female basketball 

and volleyball athletes. By comparing the demographic data for age 

and weight of all female subjects in Hudson's study (1986), both 

the sport groups' mean age was younger by one and a half years for 

volleyball players and two years for basketball players and the 

mean weights were heavier by 8.6 kg for volleyball players and by 

11.1 kg for basketball players. Hudson's female subjects were 

more lean with a mean skinfold of 27.5 mm as opposed to the 
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subjects of this study 35.8 mm for volleyball athletes and 41.2 mm 

for basketball athletes. This skinfold sum difference might be 

expected since Hudson's athletes were distance runners and track 

jumpers. In the Komi and Bosco (1978) study of stored elastic 

energy, the 25 female physical education students averaged 

20.6 years of age, 58.2 kg in weight and 165.6 em in height. The 

female subjects of Komi and Bosco (1978) were lighter and shorter 

than both the volleyball and basketball subjects in this study. In 

descriptions of female athletes physiques and body composition, 

Conger and MacNab (1967) and Kovaleski, Parr, Hornak and Reitman 

(1980) reported on collegiate volleyball athletes. In the Conger and 

MacNab (1967) study, the volleyball athlete's means were 59.8 kg, 

166 em, and 25.3% in weight, height, and body fat, respectively. In 

the Kovaleski et al. (1980) study, the weight, height, and body fat 

means were 61.0 kg, 171.0 em, and 19.5%, respectively. In this 

study, the volleyball players were taller and heavier than the 

Conger (1967) study athletes. The volleyball athletes in this study 

had similar physiques, with the exception of weight, to the 

athletes in the Kovaleski et a1.(1980) study. Investigations by 

Sinning (1973) and Conger and MacNab (1967) reported on female 

basketball players physiques, body composition and physiological 

profiles. The basketball players in this study were slightly taller 

and heavier than the collegiate basketball athletes of the Sinning 

(1973) study which reported a mean height of 166.0 em and a 
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weight of 62.6 kg. In the Conger and MacNab (1967) study, the mean 

height was 167.0 em and the mean weight was 63.9 kg which were 

also slightly lower than the heights and weights of the basketball 

players in this study. However the basketball players' percent body 

fat of 20.8% and 26.9%, reported by Sinning (1973) and Conger and 

MacNab (1967) respectively, was slightly higher than the percent 

body fat of the basketball players in this study. The percent fat 

difference, between this study's athletes and the Sinning (1973) 

and Conger and MacNab ( 1967), could be attributed to the recent 

changes in percent body fat estimated by skinfold sums. The 

athlete, whose body has a lower percentage of fat, might be 

expected to project her body's COM higher, if all the other 

performance variables were equal. 

The first descriptive variable that described the depth of the 

countermotion was maximum flexion at knee and hip joints. In the 

vertical jump studies of Asmussen and Sonde-Petersen (1974a, 

1974b) as well as Komi and Bosco (1978), the maximum knee 

flexion was reported at 1.57 rad (90°) for both CMJs and DJs from a 

variety of drop heights. In this study, the extreme flexed position 

of the knee was close to 1.57 rad (900) for both sport groups and 

jump conditions with the exception of the volleyball CMJ. The 

volleyball athletes flexed their knees slightly more than the 

basketball athletes in this study. Two other studies reported both 

the knee and hip flexion at the low point of the countermotion for 
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male handball and volleyball players (Bobbert et al., 1986, Bobbert 

et al.,1987a). Both of the aforementioned studies contained two OJ 

techniques. These two studies differed in that the first study 

(1986) the subjects naturally selected the DJ joint postions which 

felt best for them, whereas, in the second study (1987a) the 

subjects were asked to perform two types of DJs, a counter 

technique and a bounce technique. In the Bobbert et al. (1986) study 

the counter group, who selected a OJ more similar in technique to 

the CMJ, flexed the knee to 1.34 rad (76.80) and flexed the hip 

1.21 rad (69.30) for the CMJ, whereas, the bounce group, who 

naturally used a quick rebound in the OJ, used 1.48 rad (84.80) of 

knee flexion and 1.44 rad (82.50) of hip flexion for the CMJ. The 

volleyball and basketball athletes in this study used approximately 

the same amount of knee flexion in the CMJ as the bounce group of 

the Bobbert et al. study (1986). However, the hip flexion of 

volleyball players in this study was closer to the hip flexion, 

1.2 rad (68.50), used by the counter group, whereas, the basketball 

players of this study used 1.5 rad (84.80) of hip flexion which was 

similar to the bounce group. During the CMJ, the greater hip flexion 

increased the range of motion which would allow for greater 

segmental velocity from a more stationary position. After 

comparing joint angles in Table 2 and segmental velocities in 

Table 6, the increased flexion at both lower extremity joints 

resulted in higher segmental velocities. These results agreed with 



the biomechanical principle of increasing range of motion to 

develop greater angular velocity. 

For the DJs of the Bobbert et al. study (1986), the counter 

group flexed the knee to 1.32 rad (75.60) and the hip to 1.38 rad 

(79.10), whereas, the bounce group flexed the knee to 1.76 rad 
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(1 00.80) and the hip to 2.06 rad (118.00). Both the sport groups in 

this study flexed the knee to a position between the knee position 

of the two groups in Bobbert et al. study. In this study the 

volleyball group flexed the knee to a position closer to that of the 

counter group of the Bobbert et al. study, whereas, the basketball 

group used a knee position similar to the bounce group of the 

Bobbert et al. study. The hip flexion for both groups in this study 

was much closer to the hip flexion of the counter group of the 

Bobbert et al. study. Since the DJs in this study were similar in 

ranges of motion and time to the CMJ, the subjects performed a CDJ 

rather than a BDJ. 

In the Bobbert et al. study (1987a) that compared 1 0 male 

volleyball players performing CMJs and two techniques of DJs, the 

CMJs flexed the knee to 1.4 rad (80.20) and the hip to 1.23 rad 

(70.50). These two joint positions were very similar to the 

volleyball group of this study. However the basketball athletes of 

this study used slightly less flexion at both the knee and hip. In 

comparing the DJs of this study and the Bobbert et al study, both 

the sport groups of this study had similar knee and hip positions of 



the CDJ which were the knee at 1.5 rad (86.50) and the hip at 

1.7 rad (99.70). Both the volleyball and the basketball groups of 

this study used more flexion at the hip for their DJ than the 

Bobbert et al. subjects' CDJ. The increased hip flexion probably 

influenced the longer eccentric and concentric time periods. 
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During concentric phase of a coordinated vertical jump, the 

temporal sequence of the lower extremity segments has been 

identified as sequential by Hudson (1981) and (1986), Gregoire et 

al. (1984), and Bobbert and Van lngen Schenau (1988). In this study 

an overall view of the jump performances identified some general 

characteristics among the subjects and the sport groups. During 

the jump performances, it appeared that the CMJ followed a 

sequential pattern from proximal to distal segments. However, 

there was more discrepancy between the shank and foot sequential 

order in the basketball athletes. During the OJ, the segmental 

sequential pattern was more diverse among the subjects and 

between the groups. The OJ performance appeared to be more 

sequential than simultaneous, however the order in which the 

segments intiated extension was difficult to determine. It 

appeared that the pattern between the CMJ and OJ was not the same 

for either sport group. For these athletes, it may have been that 

the loading on their muscles during the OJ eccentric phase was too 

much for the muscles to overcome in the subsequent concentric 

contraction. The basketball group attempted a more simultaneous 
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pattern for the OJ. The increased simultaneity in the basketball 

group's DJ pattern was probably caused by the increase in the 

positive contribution between the thigh and trunk during the OJ. 

Hudson (1986) concluded that segmental sequencing from proximal 

to distal was less important than short time delays between 

adjacent segments. 

For performance clarity, time delays between the segments 

were used. The basketball group had a shorter time delay between 

the first and second segments for the CMJ, whereas, the volleyball 

players showed a shorter time delay between the first two 

segments during the OJ. For. both sport groups, the second time 

delay was shorter in the OJ than the CMJ. · In both the CMJ and DJ, 

the basketball players displayed more variance in the first time 

delay, whereas, the volleyball players had more variance between 

the second time delay in both the CMJ and the DJ. The time delays 

in Hudson's (1986) study were 32 ms and 50 ms for a CMJ. For the 

CMJ in this study, the first time delay means were 28.8 ms for 

volleyball and 18.8 ms for basketball and the second time delay 

means were 82.7 ms for volleyball and 61.7 ms for basketball. The 

subjects in this study had a shorter first time delay and a longer 

second time delay relative to the athletes of Hudson's study. The 

unskilled jumpers in Hudson's study did not necessarily follow a 

sequential pattern of proximal to distal and often demonstrated 

time delays of 60 ms or more. This time delay of 60 ms was 
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noticed in the second time delay in this study for both the jump 

conditions. Hudson suggested that a good vertical jump 

performance was more dependant on brief time delays between 

adjacent segments than the order in which the segments initiated 

extension. According to Hudson, the trunk and thigh shared positive 

contribution was more critical to good performance than the shared 

positive contribution between the thigh and shank. 

Maximum segmental velocities were reported by Hudson (1986) 

and Bobbert and Van lngen Schenau (1988). In her research on 

coordination between the segments during vertical jumps, Hudson 

(1986) divided her subjects according to the five most skilled and 

the five least skilled for reporting segmental velocities. The most 

skilled jumpers developed maximum velocities of 3 rad (171.90) for 

the trunk, 6 rad (343.80) for the thigh and shank, whereas, the 

unskilled jumpers maximum velocities were 3.2 rad (183.40) for 

the trunk, 6.5 rad (372.50) for the thigh and 6.3 rad (361.00) for the 

shank. The unskilled jumpers developed higher velocities over a 

longer time period and the time delay were longer (Hudson, 1986). 

The maximum velocities for the male volleyball player of the 

Bobbert et al. study were 3 rad (171.90) for the trunk, 8 rad 

(458.40) for the thigh and shank. Under both jump conditions, both 

sport groups in this study had higher maximum velocities for all 

the segments. The higher maximum velocities could be developed 



due to the larger depth of descent of the body's COM, the greater 

degree of hip flexion and the increased time periods. 
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The variable of positive shared contribution was devised by 

Hudson (1986) to identify synchonization between adjacent 

segments. Hudson found higher shared positive contributions 

percentages for both the trunk and thigh segments, 71.8%, and the 

thigh and shank segments, 76.3%. Hudson arbitrarily identified any 

shared positive contribution percentage above 50% as simultaneous 

and those below 50% as sequential. According to her classification 

of simultaneous, 13 out of her 20 subjects had a simultaneous 

jumping pattern. In this study, both sport groups' shared positive 

contributions were greater than 50% for both jump conditions, 

therefore the jumping pattern would be identified as simultaneous 

according to Hudson. 

The kinematic variable of eccentric time was reported or could 

be calculated from the given data in many vertical jump studies 

(Asmussen & Sonde-Petersen, 1974a; Bosco, Komi, & Ito, 1981; 

Bosco et al.,1982; Bobbert et al.,1987a; Bobbert et al.,1986; Bedi et 

al., 1987). The eccentric times for the CMJs were very diverse. 

The shorter eccentric time intervals were between 268 ms 

(Asmussen & Sonde-Petersen, 1974a) and 202 ms for small knee 

amplitude jumps (Bosco et al., 1982). The average eccentric time 

period was between 450ms to 600 ms (Bobbert et al., 1987a; Bedi 

et al., 1987; Bobbert et al., 1986; Bosco et al., 1982). The longest 
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eccentric time period was 850 ms which was found by Bosco, Komi 

and Ito (1981). In this study, both sport group's eccentric time was 

within the average time reported for the CMJ. The eccentric time 

periods for DJs were between 100 and 200 ms (Bedi et al., 1987; 

Bobert et al., 1986; Bobbert et al., 1987a). The eccentric time for 

the DJs in this study were slightly higher at 265.8 ms and 234.6 ms 

for volleyball and basketball, respectively. The difference may be 

due to the fact that the subjects were male in the reported 

research. The subjects in this study did not appear to increase the 

extensor muscles' stiffness to absorb and slow their descent more 

rapidly. This lack of muscle stiffness could have been related to 

Jack of strength to overcome the rate of body's descent. 

The maximum downward velocity of the body's COM was a 

variable that Hudson (1981) found to be highly variable among 

skilled females and males and unskilled males. For CMJs, Hudson 

reported mean downward velocities of the body's COM at 

101.4 cm/s for skiffed females and 84.3 cm/s for unskiffed 

females. Both sport groups in this study had faster descent 

velocities for the CMJ. ·The volleyball athletes' mean descent 

velocity was 183.8 cm/s and the basketball athletes' mean descent 

velocity was 149.5 cm/s. The DJ's mean velocities were 

approximately 90 cm/s faster than the CMJ's. This increase in 

velocity between the CMJ and OJ was expected due to the 

acceleration of gravity during the drop. It may have been that the 



subjects in this study were not able to control the velocity of 

descent during the countermotion of the OJ, therefore the jump 

pattern disintegrated. 

118 

The descent distance of the body's COM may have indicated the 

degree of stiffness in the hip, knee and ankle extensor muscles. It 

would be expected that the body's COM would descend further in the 

CMJ than the OJ. The increased descent allowed more time and 

range of motion for developing upward velocity for takeoff. For 

male subjects, the ranges of descent distances for the CMJ were 

33 to 37 em (Bobbert et al. 1986; Bobbert et al., 1987a}. In this 

study the basketball athletes used a shorter descent distance. The 

relative height of the performer may be related to the distance of 

descent. The descent distance for the DJ depended upon the OJ 

technique which was performed. The descent distances of the CDJ 

were 33 em and 25 em, whereas, the descent distances for the BDJ 

were 21 em and 13 em (Bobbert et al., 1986; Bobbert et al., 1987a). 

Both sport groups in this study used descent distances of 31.6 em 

for volleyball athletes and 26.9 em for basketball athletes which 

puts them in the catagory of a CDJ. It may be that the subjects in 

this study were not able to establish sufficient muscle stiffness to 

limit the descent distance or it may be that these subjects did not 

considered using a bounce type rebound due to lack plyometric 

training experience. 
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The concentric time period was another variable that helped to 

determine the type of OJ which was performed. First the CMJ 

concentric time period was considered. The CMJ concentric time 

period was commonly between 280 and 290 ms (Bobbert et 

al.,1986; Bobbert et al.,1987a). During the CMJs in this study, the 

basketball group in this study was close to the reported time 

period with 282.9 ms, however the volleyball group used a longer 

concentric time period of 320.0 ms. The longer concentric time 

period for the volleyball group's CMJ could be attributed to the 

larger distance the COM had to raise before take off. The distance 

that the COM had to rise was portionally higher relative to body 

height for the female volleyball players than basketball players in 

this study and the male subjects in Bobber! et al.(1986) and 

Bobbert et al. (1987a) studies. According to Bobber! et al (1986) a 

true OJ, which was described as a bounce, used a concentric time 

period of 200 ms or less, whereas, a COJ used a time period of 

260 ms or more. It was noted that the OJs in this study had mean 

concentric time periods of close to or more than 260 ms for the 

basketball players (253.7 ms) and for the volleyball athletes 

(280.4 ms). Therefore, neither sport group used a true BOJ. The 

increased descent distance ultimately increases the distance the 

COM has to cover before take off. This increased distance required 

more time to raise the COM to the take off height. 
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In skills that require explosive power it has been suggested 

that simultaneity might be advantageous (Kreigbaum & Bartels, 

1990). Due to the decreased concentric time interval of the OJ, the 

percent overlap between the lower extremity segments might be 

expected to be higher. The concentric time period was not 

sufficiently decreased to perform a true OJ . according to Bobbert et 

al. (1986) .. During a CMJ, Hudson (1986) found that simultaneity for 

all three segments occurred 49.2% which was between the two 

sport groups in this study. However, the percent of simultaneity 

did not change between the CMJ and OJ for the volleyball players. 

The basketball group attempted a more simultaneous pattern for 

the OJ. The slightly increased simultaneity in the basketball 

group's OJ pattern was probably caused by the increase in the 

shared positive contribution between the thigh and trunk during the 

OJ. If the concentric time period had been under 200 ms, the 

amount of simultaneity might have been higher. The CDJs of this 

study were no different in the percent simultaneity of the CMJs. 

The amount of utilized stored elastic energy between the two 

jump conditions was of interest to the investigator. Bosco and 

Komi (1978) reported that their female subjects utilized 90% of 

their stored elastic energy during the CMJ and 23% during the DJ 

from 20 em. During the CMJ, the stored elastic energy percentages 

of this study were higher for both sport groups, 46.8% and 55.8%, 

than either the female, 23.2%, or male, 26.3%, stored elastic energy 
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of Husdon's , study (1986), but were considerably lower than the 

females in the Bosco and Komi study (1978). The percent stored 

elastic energy did not differ between the two jump conditions for 

the volleyball athletes. The basketball athletes had a slightly 

higher mean stored elastic energy value in the CMJ than the DJ. In 

that the CMJ and the DJ were performed with a similar technique it 

would make sense that the percentage of stored elastic energy 

would be similar. Since the DJ was not performed with small knee 

and hip joint amplitudes and a quick bounce, the possibility for 

increasing stored elastic energy with true DJ was not really tested. 

Many researchers found that peak jump height increased with 

DJs up to a certain drop height which ranged between 40 and 60 em. 

(Asmussen & Sonde-Petersen, 1974a; Bosco & Komi, 1978; Jensen & 

Russell, 1985; Bobbert et al.,1987b). Bedi et al. (1987) found that 

peak jump height did not increase with a DJ over the CMJ. The male 

physical education majors and the volleyball players of Bedi et al. 

(1987) did use a BDJ according to Bobbert et al. (1986) definition. 

Bedi et al. (1987) attributed their contrary findings to the skill 

level of his subjects. ,Jensen and Russell (1985) indicated that two 

of their female volleyball players increased their DJ peak jump 

height up to a drop of 51 em and the third player increased her jump 

height up to a 42 em drop. However two of the three volleyball 

players in Jensen and Russell study (1985) did not increase their 

peak jump height with a DJ above that of their volleyball spike 
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jump. Neither sport groups in this study increased their peak jump 

height with a OJ. The peak height for the athletes in this study 

were between 36.5 and 38.1 em for both groups under both jump 

conditions. The peak jump heights achieved in this study were 

lower than the jump heights of the Jensen and Russell (1985) 

volleyball players. The height difference was expected since the 

volleyball players in the Jensen and Russell study were able to use 

their arms. Since a true BDJ was not used by either sport group, 

the peak jump height might not be expected to increase. The one 

basketball player whose concentric time would classify her as 

performing a true DJ did increase her peak jump height by 2 em. 

For this individual, the OJ pattern did not fall apart and the percent 

simultaneity of the trunk and thigh shared positive contribution 

increased. In order to answer the original question regarding a 

difference in the peak jump height achieved by a CMJ and OJ, female 

volleyball and basketball player would have to be trained to 

perform a BDJ. 

It became evident from the data collected in this study that 

female collegiate basketball and volleyball athletes do not 

naturally select to perform a BOJ. It may be that the athletes 

chose a jump technique that was similar to the technique which is 

used in their sport. In the study by Jensen and Russell (1985) one 

subject demonstrated the ability to maintain the jump technique 

used in the volleyball spike while performing a OJ. It appeared that 
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this volleyball subject was capable of regulating the muscle 

stiffness to allow greater range of motion at the knee but to 

decrease the eccentric time phase in the DJs from different 

heights. For the two other volleyball players in the Jensen and 

Russell study, the DJ strategies were different than the strategy of 

the volleyball spike jump. Jensen and Russell suggested that DJs 

should be used to teach muscle stiffness control which in turn is 

related to the utilization of stored elastic energy. 

In order to answer the hypotheses of this study it would be 

necessary to teach the athletes to perform a DJ that would 

decrease the concentric time phase in order to take advantage of 

the muscle stiffness concept and utilize stored elastic energy. 

Conclusion 

Within the scope and limitations of this study the following 

conclusions were drawn: 

(1) Among the female basketball and volleyball athletes who 

were subjects in this study, the performance of the CMJ and 

the OJ differs in that the COM maximum downward velocity is 

higher for the DJ than the CMJ during the countermotion. 

(2) Among the female basketball and volleyball athletes who 

were subjects in this study, the performance of the CMJ and 

the OJ differs in that the COM descent distance is greater for 

the CMJ than the DJ during the countermotion. 



(3) Among the female. basketball and volleyball athletes who 

were subjects in this study, the performance of the CMJ and 

the DJ differs in that the eccentric time period is longer for 

the CMJ than the OJ during the countermotion. 

(4) Among the female basketball and volleyball athletes who 

were subjects in this study, the performance of the CMJ and 

the DJ differs in that the concentric time period is longer for 

the CMJ than the DJ during the power phase. 

(5) Among the female basketball and volleyball athletes who 

were subjects in this study, the performance of the CMJ and 

the DJ does not differ in the percentage of simultaneity among 

the lower extremity segments during extension. 

(6) Among the female basketball and volleyball athletes who 

were subjects in this study, the performance of the CMJ and 

the DJ does not differ in the percent stored elastic energy 

utilized during the power phase. 

(7) Among the female basketball and volleyball athletes who 

were subjects in this study, the performance of the CMJ and 

the DJ does not differ in the peak vertical projection height. 



Recommendations for Future Research 

Based on the results of this study, the following 

recommendation are presented for future research studies 

regarding vertical jump techniques including drop jumps: 
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(1) Investigators should determine the vertical jump patterns 

unique to basketball or volleyball skills to determine if OJs 

would enhance the vertical jump performance of the sport 

skill. 

(2) A training study should be developed to determine if OJ 

exercises of the BOJ or COJ would enhance the vertical jump 

performance of female intercollegiate volleyball or basketball 

athletes. 

(3) This study should be replicated with female athletes who 

are able to perform a true OJ. 
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TEXAS WOMAN'S UNIVERSITY 
HUMAN SUBJECTS REVIEW COMMITIEE 

CONSENT FORM A (Written presentation to the subject) 

Consent to Act as a subject lor Research and Investigation: 
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The following information is to be read to or read by the subject. One copy ot this 
form, signed and witnessed, must be given to each subject. A second copy must be 
retained by the investigator lor filing with the Chairman ol the Human Subjects Review 
Committee. A third copy may be made for the investigators files. 

1. I hereby authorize Joan Weston 
[Name of person(s) who w'-:;;mc-p_e_r.,..fo-rm-p-ro_c_e_d=-u-re...,(s) 

or investigation (s)) 
to perform the following procedure(s) or investigation(s): 
(Describe in detail) 
a) Take the following measurements: body weight; foot, shank, thigh, trunk, 
arm, and forarm lengths and circumferences; ankle, hip, body height; and arm, 
leg, hip, and upper back body fat using skinfold calipers. 
b) Mark the following skin sites: ankle, knee, hip, shoulder,and head. 
c) Attach EMG surface electrodes to 6 muscles sites (calf of leg, thigh, and 
buttocks) and two electrogoniometers to the left hip amd knee. 
d) Following warm-up exercises and practice jumps, I will asked to perform the 
following activities: 

---Jump from a squat position, 
---Jump from a standing position, 
---Jump following a 25 em drop. 

e) During the aforementioned jumps, my activity will be recorded on videotape. 
Videotape will be viewed and analyzed only be the investigator. 

2. The procedure or investigation listed in paragraph 1 has been explained to me 
by Joan Weston 

3. (a) I understand that the procedures, or investigations described in paragraph 1 
involve the possible risks or discomforts: 
(Describe in detail) 

The risk to you as a subject will be the equivalent to jumping activities which you 
perform during training, practice and ?~mes. Since you are _a condi!ioned. athlete, t~e 
risk of injury is presumed to be negligible. You may expenence slight discomfort 1n 
the landing from the 25 em drop and giving a maximum effort for the subsequent 
vertical jump. 

Jn order to insure confidentiality, you will be assigned a subject number wh!ch will be 
the only means of identification in any subsequent report. The videotape, wh1ch 
recorded your performance, will be viewed and analyzed only by the investigator. 



3. (b) I understand that the procedures and investigations described in paragraph t 
have the following potential benefits to myself andlor others: 

Once the data are analyzed, you will be given the overall results and specific 
information regarding your own performance as it relates to the results and 
conclusions of the study 

3. (c) I understand that - In the event of physical injury resulting from this 
research, Texas Woman's University is not able to offer 
financial compensation nor to absorb the costs of medical 
treatment. However, emergency care will be provided as 
necessary. 

4. An offer to answer all of my questions regarding the study has been made. If 
alternative procedures are more advantageous to me, they have been explained. A 
description of the possible attendant discomfort and risks reasonably expected 
have been discussed with me. I understand that I may terminate my participation 
in the study at any time. 

Subject's Signature Date 

If the subject is a minor, or is unable to sign, complete the following: 

Subject is a minor (age __ _,, or is unable to sign because: 

Signatures (one required) 

Father Date 

--Mother----------------- ----------
Date 

- Guardian _______________ _ -------------
Date 

-------------
Date 
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SUBJECT CONSENT FORM 

"A Study of Biomechanical Variables Influencing the Countermovement Jump and Drop 
Jump in Female Intercollegiate Athletes• 

I, agree to participate in the research study under 
the direction of Dr. Robert Shapiro and Joan Weston. I understand that while the study 
will be under the supervision of Dr. Robert Shapiro, Joan Weston and other 
professional persons who work with them may be designated to assist or act in their 
behalf. 

PURPOSE OF THE RESEARCH 
The purpose of the stucy is to determine if there are differences between the 

countermovement jump and the drop jump in selected biomechanical variables. The 
variables describe the jump technique including sequence and timing of joint actions, 
maximum forces acting at the lower extremity joints, and amount of stored elastic 
energy being utilized by the leg extensor muscles. 

DURATION OF COMMITMENT 
After volunteering for the study, approximately one hour will be needed to collect 

general information regarding age, weight, height, athletic experience and training, 
and anatomical measurements. This hour will be spent at the athletes home institution. 
The second 1 to 2 hour meeting will be on the University of Kentucky campus in 
Wenner-Gren Research Laboratory. 

RESEARCH PROCEDURES: I authorize Joan Weston to perform the following 
procedures: 

1. Take the following measurements: body weight, foot, shank, thigh, trunk, 
forearm, and arm length; ankle, knee, hip, shoulder, sternum, elbow, axillary arm, 
and head circumferences; chest, waist, and hip breadths and depths; and arm, calf, 
thigh, hip, and upper back skinfold breadlhs. 

2. Mark with reflective markers the following skin sites: foot, ankle, knee, hip, 
head, shoulder, elbow, and wrist. 

3. Attach EMG surface electrodes to 6 muscles sites (calf of leg, thigh, and 
buttocks) and 2 electrogoniometers to the left knee and hip. . 

4. Following a warm up and practice jumps, data will be collected for the following 
activities: a) jump from a squat position 

b) jump from a standing position 
c) jump following a 25 em drop 

5. The above mentioned jumps will be recorded on high speed videotape. Videotape 
will be viewed and analyzed only by the investigator. 
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I understand that the above procedures, which will be explained to me, may involve the 
following possible risks and discomforts. As a subject, the risk to me will be less than 
jumping activities which I perform during training, practice and games. Since 1 am a 
conditioned athlete, the risk of injury is presumed to be negligible. 1 may experience 
slight discomfort in the landing from the 25 em drop and giving a maximum effort for 
the subsequent vertical jump. 

If I have any questions regarding the research, the procedures, my rights as a 
subject, or if an injury occurs, I should contact Joan Weston at (606) 986-9341 Ext. 
5568 or (606) 986-9428. I will receive a copy of the Subject Consent Form. 

I realize the benefits of participating in this study are not monetary, but may help 
me in understanding my own performance. The data collected during the study will 
provide me with a detailed description of my performance and the possible ways in 
which I may improve my performance or minimize the risk of injury during 
performance. Once the data are analyzed, I will reveive by mail: (a) the overall 
results of the study, and (b) specific information regarding my own performance as it 
relates to the results and conclusions of the study. 

I understand that the information collected, the measurements obtained, and the 
videotape record and possible photographs taken will be kept confidential by the 
investigator. In order to insure confidentiality, I will be assigned a subject number 
which will be the only means of identification in any subsequent report. The videotape 
and electronic images, which will record my performance, will be viewed and analyzed 
only by the investigators. 

1 understand that no photogrphs of my participation will be utilized in any public 
presentation until I have reviewed them and signed a specific release pertaining to the 
use of the photographs. 

1 understand that no monetary incentive will be provided for my participation in 
this investigation. Furthermore, I understand in the event of physical injury resulting 
from the research procedures in which I am to participate, no form of compensation is 
available. Medical treatment may be provided at my own expense ot at the expense of 
my health care provider(i.e., Medicare, Medicaid, BC/BS, etc.) which may or may not 
provide the coverage. If I have any questions I should contact my insurer. 

1 understand that participation in this project is voluntary. Refusal to participate 
will involve no penalty or loss of benefits to which I am entitled. 
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My signature below indicates that I have received a satisfactory explanation of the 
project entitled "A Study of Biomechanical Variables Influencing the Countermovement 
jump and drop jump in Female Athletes" from Joan Weston, and I have been given 
ample opportunity to ask questions and read this Subject Consent Form. My signature 
below also indicates that I have been given a copy of this form that I may keep. 

Subject's Signature Date 

I have explained and defined in detail the research procedure in which the subject 
has consented to participate. 

Principal Investigator Date 
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GENERAL INFORMATION SHEET 

NAME: ______________ __ SUBJECT # ______ _ 

AGE: __ COLLEGE AFFILIATION: ----------

YEAR IN COLLEGE: __ _ 

HOW MANY YEARS OF COMPETIVE BASKETBALL OR VOLLEYBALL? 

COLLEGE __ _ HIGH SCHOOL __ _ 

ESTIMATE YOUR MAXIMUM VERTICAL JUMP IN INCHES? __ _ 
DESCRIBE THE SPECIFIC JUMP CONDITIONING PROGRAM USED 
PRESEASON AND DURING COMPETITIVE SEASON. 

HAVE YOU HAD ANY LOWER EXTREMITY BONE OR JOINT 

INJURIES? IF YES, EXPLAIN THE INJURIES (be specific 
with type, location, dates): 

LIST OTHER SPORT EXPERIENCE AND THE NUMBER OF YEARS 
PARTICIPATION: 
SPORT & EVENT OR POSITION YEARS PARTICIPATION 

-------------------------
-------------------------
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ANTHROPOMETRIC DATA SHEET 143 

NAME: ~-------------------- SUBJECT #. __ _ 

AGE: ------ COLLEGE AFFILIATION. __________ _ 

GENERAL DATA: WT: ___ LBS OR KG HT: ---- CM 

CIRCUMFERENCES: 

ANKLE: __ _ FIST: __ _ AXIL.ARM: ____ _ 

KNEE:· ___ _ WRIST: __ _ HEAD: ___ _ 

THIGH: ____ _ ELBOW: __ _ 

SEGMENT LENGTHS: 

FOOT: ___ _ SHANK: ___ _ THIGH:------

ARM: ------ FOREARM: ____ _ 

(SITIING POSITION) HEAD-TO-HIP: ___ TRUNK: ___ _ 

HEIGHTS MEASURED FROM STANDING POSITION (MEASURE 
VERTICALLY FROM FLOOR): 

SHOULDER: _____ _ HIP: 

STERNUM: _____ _ KNEE: -------------
(SYPHOID) 
SUBMEDIAL MALLEOLUS: ------

LATERAL MALLEOLUS: ___ W/0 SHOE ___ WI SHOE 



BREADTHS: 

CHEST: ___ _ 

WAIST:---

HIP: -----
SK!NFOLDS: 

SUBSCAPULAR: _____ _ 

DEPTHS: 144 

CHEST: ___ _ 

WAIST: ___ _ 

BUTTOCKS: ____ _ 

ILIAC CREST: _____ _ 

TRICEPS: ---- THIGH: _____ _ CALF: __ _ 



e·~·· . 
~ .L._ ...... , 
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Descriptive anthropometric data for age, height, weight, and skinfold 146 
'?~'!!' ~ ' 

:':\~ 'i'·, ·r-. .. 

.n, 
Subject Age (yrs) Height (em) Weight (Kg) Sum of 

Skinfold (mm)* 

,:·/ 
1 ' 20 163.4 60.33 36.50 
2 21 172.9 70.79 45.67 
3< "• 19 173.1 74.72 42.66 
4/ 18 155.2 55.00 46.67 
5 18 173.1 63.17 52.33 
6 ,, ,, .. 18 177.6 72.02 45.00 
7 ... 19. 179.4 70.66 65.33 
8 .j 18 172.6 70.54 55.00 
9 ; 20 170.6 65.63 42.67 
10 

.. 
20 171.5 71.04 49.33 

11 18 171.6 72.51 49.66 
12 19 181.2 70.30 49.34 
13 22 172.2 70.30 51.66 
14. 19 150.0 66.37 52.67 
15' 20 176.5 64.89 35.34 
16• 19 166.7 66.86 47.01 
17 18 176.7 69.32 49.33 
18 18 166.6 72.02 44.67 
19 19 173.7 65.38 52.00 
20 20 175.9 64.15 41.67 

. 21 19 157.5 60.22 50.33 
22 21 171.0 67.10 47.67 
23 22 160.2 57.52 41.83 
24 18 172.5 79.39 47.66 

. 25 18 168.3 67.35 43.66 
--, ·, 

Mean 19.24 170.35 68.18 47.43 

S.D. 1.27 6.84 5.63 6.12 

BB Mean 19.00 171.85 69.46 48.35 

S.D. 1.04 6.97 5.85 7.25 

VB Mean 19.46 168.98 67.00 47.43 

S.D. 1.45 6.69 5.37 6.12 

. -*sum of triceps, iliac crest, and thigh 
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