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ABSTRACT 

The purpose of this stuc^ was to determine vAiether bicaonechanical 

characteristics of the non-aitputated leg of imilateral lower 

extremity aitputees significantly differed frcan the dominant leg 

of normal subjects. A conparison was made of the mean peak isokinetic 

knee extensor and ankle plantar flexor torques and mean performance 

in one-legged static and countermovement verticcd junps. 

—1 
Peak isokinetic torque was measured by a O/ijex II at 60 degrees.s •̂. 

Vertical junp performance was captured on video tape and analysed 

using the Peak 2D Motion Measurement System. The heists of the 

juirps were calculated from the difference in the position of the 

centre of gravity of the body as determined by the segmentation 

method. Stunp anthrqpometrics, Hanavan's (1964) model, and density 

data from Deirpster (1955) were used to calculate the volume, mass, 

and position of the centre of gravity of the residual limb of the 

amputee subjects. 

Four unilateral lower extremity amputees, age 31.5 ±4.9 years and 

hei^t 179.7 ±2.3 cm, were ccarpared with four normal subjects, age 

31.1 ± 4.1 years and hei^t 179.2 ± 1.8 cm. The results revealed 

that the mean peak isokinetic knee extensor (190 + 19 Ito) and ankle 

plantar flexor (84 + 20 Mm) torques for the aitputees were less than 

but not significantly (p<0.05) different from the mean peak 

isokinetic knee extensor (199 + 15 Urn) and ankle plantar flexor 

(115 + 21 JM) torques of the normal subjects. The normal subjects 
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attained a hi^ier mean rise of the centre of gravity of the body 

during one-legged countermDvenent (14.6 + 2.6 cm) and static 

(11.1 + 0.5 cm) junps than the amputee subjects (13.1 + 1.9 cm 

for ccunterraovement, 10.6 ± 1.1 cm for static junps) but the 

difference was not significant (p<0.05) 

It was concluded that the normal subjects did not have superior 

knee extensor or ankle plantar f le»Dr strength and unilateral 

lower extremity amputees would not be disadvantaged in their 

standing one-legged jumping ability. 
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CHAPTER 1 

1.0 INTRODUCTK^ 

A German neurosurgeon. Sir Ludwig Guttman was largely responsible for 

initiating organized spoirt for individuals with disabilities. In 

1944, at the Stoke Mandeville Hospital in Buckinĉ iam, Guttman 

introduced his therapy of v*ieelohair sport and recreation for patients 

with spinal cord disabilities (Paravics, 1990). 

Australia's involvement in v*ieelchair sport began v*ien Doctor David 

Cheshire, Spinal Unit Director of the Austin Hospital, Heidelberg, 

along with the Paraplegic and Quadriplegic Association organized the 

first games for the disabled in Melbourne in 1960. There were 

approximately 50 conpetitors from around Australia. At the more 

recent National Games for the disabled in Adelaide in 1986, there were 

over 200 conpetitors (Paravics, 1990). 

Paravics has been the organization that controls and organizes 

viieelchair sport in Victoria. It has provided sporting and 

recreational activities for people with spinal cord injury, spina 

bifida or poliosiiyelitis. Recently, international policy has been 

changed to permit individuals with other non-spinal disabilities to 

oompete in the same events; for example, aitputees play basketball 

(Paravics, 1990). 



Early instances of organized activities for aitputees occurred in 

Germany for ex-servicemen after the First World War. later, an 

organization in the USA provided golf for leg and/or arm amputees. In 

several European countries and the USA, skiing has become pcpular for 

amputees (Williams and Sperryn, 1976). 

The Victorian Anputee Association first held games for the disabled in 

October, 1980, in ̂ lich conpetitors participated in golf, swimming, 

athletics, snooker, table tennis and squash. Now amputees play a 

large variety of sport at state, national and international levels. 

In recent times amputees have been classified into disability levels 

for conpetition. For example, a single below-knee anputee was Class C 

(Beebe, 1981). 

Demographic data have not been generated for Australia but in the USA 

investigations have shown that approximately 17 amputees exist per 

10,000 people (Glattly, 1964). Anputation has been the result of 

tirauma, congenital deformities, and disease including carcinoma. 

Lower extremity aitput:ation can occur at various levels: partial foot, 

below-knee, above-knee or hip disarticulation and may involve one or 

both lower limbs. It was believed that the number of below-knee 

amputees have increased because of the ageing population and surgical 

removal of limbs related to peripheral vascular disease (Winter and 

Sienko, 1988). Bone cancer has contributed to an increase in the 

number of above-knee aitputees (DiAngelo, Winter, Ghista, and Newcoiibe, 

1989). 



2^ indication of participation of lower extremity anpitees in ̂ »rting 

and recreational activities can be gauged from Table 1. Kegel, 

Carpenter, and Burgess (1978) surveyed 134 lower extremity aitputees, 

103 males and 31 females. Of these, 87 were below-knee, 27 

above-knee, and 20 bilateral aitputees. The ages of the subjects at 

time of amputation ranged frcm three t:o 89 years with a mean of 45 

years. The time from amputation to this survey ranged from six months 

to 12 years. 

Of the aitputees surveyed, 82 (61%) were active in various sports and 

65 (49%) participated in more than one activity. Age and amputation 

level played a role in determining viiether amputees participated in 

sports. Those that did participate in sport had a younger mean age 

and lower level of anputation. Only 6% used special prostheses or 

assistive devices for sports. Examples of these devices were swimming 

fins for scuba diving and ̂ )ecial straps or outriggers for skiing. 



Table 1. Avocational activities of lower extremity aitputees. 

Below-knee Above-knee Bilateral Total 

Fishing 

Swimming 

Dancing 

Hunting 

Bcwling 

Golf 

Hiking 

Baseball 

Basketball 

Running 

Snowskiing 

Football 

Skating 

Horseback riding 

Gardening 

Miscellaneous* 

46 

29 

28 

19 

15 

15 

11 

9 

7 

6 

4 

4 

4 

-

3 

6 

11 

11 

8 

4 

5 

5 

3 

3 

3 

2 

3 

2 

1 

3 

-

6 

5 

4 

5 

1 

-

-

1 

2 

1 

1 

-

1 

1 

1 

1 

1 

62 

44 

41 

24 

20 

20 

15 

14 

11 

9 

7 

7 

6 

4 

4 

13 

* Miscellaneous included waterskiing, motorcycling, soccer, flying a 

sailplane, frisby, cutting wood, cheerleading, boating, ping pong, and 

uneven parallel bars. 

Kegel et al., 1978. 



In another survey, 100 lower extremity amputees, 85 males and 15 

females, were questioned on participation in recreational activities 

(Kegel, Webster, and Burgess, 1980). There were 58 below-knee, 25 

above-knee, and 17 bilateral aitputees. The mean age at the time of 

the anputation and the survey was 35 and 45 years respectively. Table 

2 displays the recreational activities the amputees participated in 

immediately prior to and after anputation. 

Table 2. Recreational activities of aitputees. 

Activity Before anputation After anputation 

Fishing 

Swimming 

Bcwling 

Hunting 

Golf 

Baseball 

Horseback riding 

Basketball 

Volleî aall 

Waterskiing 

Sncwskiing 

Tennis 

Football 

Jogging 

38 

42 

30 

33 

17 

34 

15 

27 

24 

17 

6 

9 

26 

17 

43 

40 

27 

24 

21 

17 

16 

12 

12 

8 

10 

6 

4 

3 

Kegel et al., 1980 



The extent of anputee participation in recreational activities was in 

agreement with the previous survey. Gender was not a significant 

factor in determining vdietiier aitputees were active. The younger 

aitputees were more involved in recreation. Unlike the previous 

survey, the level of anputation was not a determining factor in the 

activity level. It was found that 60% of each group of subjects with 

belcw-knee, above-knee, and bilateral anputations were active. 

It was apparent that lower extremity anputees had a h i ^ participation 

rate in ̂ xDrting and recreational activities, yet a review of the 

literature revealed that biomechanical research on specific population 

groips was limitied. Most of the biomechanical research conducted on 

lower extremity aitputees has focused on gait: walking (Hoy, Whiting, 

and Zemicke, 1982; lewallen, Quanbury, Ross and Letts, 1985; Winter 

and Sienko, 1988) and running (Miller, Enoka, McCulloch, Burgess, and 

Frankel, 1981; Enoka, Miller and Burgess, 1982; Miller, 1987). 

Hoy et al. (1982) analyzed the gait of five child unilateral lower 

extremity anputees. Stride kinematics and knee joint kinetics were 

examined for three different speeds of walking, t:wo types of 

prosthetic feet, and intact versus prosthetic limbs. 

The walking gait, joint angles, and joint moments in the sagittal 

plane at the knee and hip joint of six above-knee and six below-knee 

aitputees was oonpared with 17 normal subjects (Lewallen et cil., 

1985). The joint moments of the anputees' intact limb were found to 

be normal or below normal. The moments about the joints in the free 

and supported aitputated limb were lower than the intact limb. 



winter and Sienko (1988) collected synchronized cinematographic and 

force plate data from ei<^t below-knee anputees during walking. IMG 

activity^ was recorded from five residual muscles (gluteus maxiraus, 

bioqps femoris, semitendinosis, rectus femoris and vastus lateralis) 

from three of the subjects. All subjects were found t:o have more 

active hip extensors during early and mid-stance phases viiioh resulted 

in above-normal energy generation by these concentrically contracting 

muscles. This compensation made up for the loss of the major energy 

generation by the plantar flexors at push-off. 

Vertical ground reaction force-time histories of ten lower extremity 

anputee runners were analyzed by Miller et al. (1981). It was found 

that the maximum force recorded on the prosthetic lirtib, vAiile between 

two and three times bocfy wei^t, did not significantly differ from 

that on the intact limb. 

Enoka et al. (1982) analyzed the running gait of ten unilateral 

below-knee amputees. Examination was made of t±ie tenporal and length 

characteristics of the running strides and the angular displacement 

patterns of the intact and prosthetic limbs. Six of the subjects 

satisfied the criterion for running, that being, having alternating 

periods of single sipport and complete non-sL?port in their strides. 

Miller (1987) determined resultant flexior^extension lower extremity 

joint moments of four below-knee anputees during the running st:ance. 

It was found that the resultant hip extensor moment on the amputated 

side was greater in magnitude and duration than on the intact side. 

It was suggested that the increased moment may help contirol knee 

flexion and proanote knee extension of the residual limb. 
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There has been limited biomechanical research conducted on specific 

pcpulation groups. Most of the biomechanical researxii on Icwer 

extremity amputees has concentrated on kinematic and kinetic 

parameters associated with gait. It was evident that data on simple 

and complex movements involving unilateral lower extiremity anputees 

were sparse. 

1.1 Statement of the Problem 

Do the bioomechanical characteristics of the non-anputated leg of 

unilateral lower extremity anputiees significantly differ from the 

dominant leg of normal subjects? The aim of this investigation was to 

coaopare performance in single joint motions and conplex, multijoint 

movements. More ̂ jecifically a ccaiparison was made of: 

(i) Peak isokinetic torque generated by the ankle plantar 

flexors and knee extensors. 

(ii) Performance in one-legged vertical junps with and without a 

preparatory countermovement. 

1.2 Hypotheses 

The null hypotiieses were: 

(i) Peak isokinetic torque of the ankle plantar flexors and knee 

extensors of unilateral lower extremity aitputees would not 

significantly differ from that of normal subjects. 



(ii) Performance in one-legged vertical junps, with and without 

a preparatx)ry countermovement, of unilateral lower 

extremity anputees would not significantly differ from 

that of normal subjects. 

1.3 Significance of the Study 

The proficiency with vAiich motx>r tasks are executed has been found to 

be d^)endent on several factors. Physiological, psychological, and 

biomechanical parameters all influence the effectiveness witii vdiich a 

movement pattern is aoconplished. There are limited data on the 

biomechanical characteristics of the lower extremities of unilateral 

aitputees. There has been increased interest and participation in 

disabled sports. This study was designed to obtain a bett:er 

understanding of the capabilities of anputees so as to encourage and 

facilitate their participation in sporting and recreational 

activities. 

1.4 Limitations of the Study 

The limitations of this investigation were as follows: 

(i) Subject population was limited to 0iysically active males 

(ii) Anputee subjects were selected on the basis of 

availability and willingness to participate in the 

investigation 
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(iii) The videotape datia were subject to inaccuracies inherent 

with the recording and digitizing processes. 

1.5 Assumptions 

To perform this investigation it was necessary to itake certain 

assunptions. It Wcis assumed that: 

(i) For botii junps, the subjects conplet:ely understood the 

procedures and exerted maximal effort vdien requested. 

(ii) The action of jumping verticsilly involved movements in tiie 

sagittal plane. Any minor deviations from tiiis plane 

would be insignificant. 

(iii) Videotape data were captuired at a constant rate. 

(iv) Dempster's (1955) and Hanavan's (1964) anthrcpometric data 

used in the determination of the centre of mass generated 

valid values. 
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1.6 Definition of Terms 

The follcwing terms were defined in accordance with their particular 

usage in this investigation. 

Countermovement junps (CMJ): Vertical junp vftiioh ocaimenced with the 

subject in an ipri^t stationary position, then without an daservable 

pause, crouched arxi propelled ipwards. 

Cybex II: Cybej^II caramercicil dynamometier (Lumex, Incorporated Bay 

Shore, New York) used to assess isokinetic torque. 

Isokinetic: Constant angular speed of body segment. 

Limb-lever system: Irput adaptor (lever) of cybex II and boc^ segment 

attached to it. 

Normal subjects: Individuals witii no anputations to the lower 

extremities. 

Sanpling rate: Number of frames acquired per second. 

Static junp (SJ): Vertical junp vJiich commenced with the subject in a 

stationary crouch position witii no allowance for a pr^jaratory 

countiermovement. 

Take-off: The instant the metatarsal heads of the foot lost contact 

with tiie force platform. 
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Torque: Product of the length of the lever arm and the force 

perpendicular to tiie lever arm. 

Unilateral lower extremity aitputees: Individuals with above-ankle 

amputations of one leg. 

Vertical junp: l̂ jward propulsion of tiie body. Unless ̂ lecified 

otherwise, referred to two-legged propulsion. 

Vertical junp performance: The hei^t attained by the CGB from 

take-off to the apex of the junp. 

1.7 Abbreviations 

ANOVA: 

CGB: 

cm: 

IMS: 

FIT: 

FT: 

ft.lb: 

Hz: 

Kg: 

1-1 

m: 

mm: 

ms: 

Nm: 

Analysis of variance 

Centre of gravity of the bocfy 

centimetres 

Electrorayogram 

Footscray Institute of Technology 

Fast-twitxh 

Foot pounds, 1 ft.lb = 1.356 Nm 

Hertz 

Kilograms 

per litre 

meters 

millimetres 

milliseconds 

Newton metres 
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p: 

r: 

XI 

PCM: 

s: 

s-1: 

s-2: 

SHD: 

ST: 

UBXT: 

USA: 

VHS: 

X ± SD: 

2D: 

%: 

level of significance 

correlation coefficient 

length of movement arm 

Range of Motion 

seconds 

per second 

per second squared 

Siper Heavy Duty 

Slow-twitch 

l^per-Body Exercise and Testing Table 

United States of America 

Video Home System 

mean ± standard deviation 

Two Dimensional 

percent 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 ISOKINETICS AND CYBEX II 

Isokinetics has been the term applied to muscle ccaitractions that 

acconpany constant angular speed of a lint). Hinson, Smith, and Funk 

(1979) provided mathematical proof that constant angular speed of a 

linib was not accxstpanied by a constant linear rate of muscular 

contraction. 

Isokinetic devices have been developed to keep limb motion at a 

constant, preselected speed. When the preselected speed is at±ained, 

any effort applied to the lever arm of tiie device encounters an equal 

counterforce. Increased muscular output produces increased resistance 

rather than acceleration. The resistance developed is prcportional to 

the torque exerted (Moffroid, Whipple, Hofkosh, Lcwman and Thistle, 

1969) 

The conc^jt of isokinetic exercise was developed by Perrine (1969). 

Since its inception, isokinetic exercise has became increasingly 

popular in clinical, athletic, and research settings. It has been 

used as a rehabilitation tool in clinical setings, as a training and 

testing device for athletes and as a method of examination of the 

relationships between torque and angular velocity, and muscle 

agonist/antagonist action (Coplin, 1971; Markhede and Griiiiby, 1980; 

Fugl-Meyer, 1981). 
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The O^aex II has been widely used for the evaluation of voluntary 

muscular concentric contractions {O/bex, 1988). O/bex II provides 

measurements of torque in conjunction with the joint angle throu^out 

the RCM. A dual-channel recorder is att:ached to the torque tiransducer 

and to an internal electrogonioroeter within the Cybex II mechanism. 

Since speed and resistance are controlled, objective measures of 

torque can be detained (Costain and Williams, 1984). 

2.1.1 Acceleration and Deceleration in Isokinetic Movements 

Ci*)ex II does not provide resistance or measure torque until the limb 

segment attempts tx> exceed the preselected speed. An acceleration 

phase has been detected during the initiation of a movement (Hislop 

and Perrine, 1967). This is necessary for the linib to attain the 

preselected speed of the dynamometer (Ostemig, 1975). The faster the 

preselected speed, the greater the initial RCM containing accelerated 

movement (SavMll, 1981). The accelerating linib may actually exceed 

the preselected speed and is subsequently decelerated by the 

(̂ TiaiiKaneter. 

Artifact appears in Cybex II torque data as a result of the initial 

deceleration and subsequent speed fluctuations of an initially 

overspeeding limb-lever system. The artifact is in the form of a 

prominent initial torque "overshoot" spike. The damping circuit in 

the O/bex II si^presses the overshoot artifact, but it may also 

suppress the muscular torque signal as well (Sapega, Nicholas, Sokolow 

and Saraniti, 1982). 



16 

Investigations have found that vAien a dairp setting is used, the torque 

curve shifts relative to tiie time base and is no longer synchronized 

with the gcaiiometric tracing (Sinacore, Rothstein, Delitto and Rose, 

1983). Angle-specific torque measurements are questionable vdien a 

damp setting is used, especially at h i ^ speeds (Rothstein, Lamb and 

Mê iiew, 1987). 

It has been stated that for accurate analysis, torque data only from 

the constant speed portion of the RCM be considered. The RCM analyzed 

excludes the initial and final portions vAiere overshoot (Perrine and 

Edgerton, 1978) and final decelerations of the linib-lever system 

(Ostemig, Saviiill, Bates and Hamill, 1983) have been reported. 

2.1.2 Advantages of Isokinetic Devices 

The use of Cybex II to evaluate muscular performance has been prcposed 

to overcome some of the limitations of other metiiods such as isomvetiric 

measures and one-repetition maximum contractions with free wei^ts. 

The torque produced by muscle contiraction is continuously registered 

during movement at constant angular speed. The rotary torque irput 

shaft of the O/bex II sinplifies the task of isolating muscle grotps 

so that extraneous muscle contributions are minimized by stablization 

means (Perrine, 1986). There is an inherent safety factor in Cybex 

II. An individucil does not encounter more resistance than they can 

handle because the resistance is equal to the force applied (Davies, 

1984). This device optimally loads the muscles and joints throu^ the 

Wti, accommodating to pain and fatigue, thereby minimizing potential 

for injuries. 
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2.1.3 Strength and Slow Speeds of Isoldnetic Testing 

Strength had i» inherent definition ^ihesn applied tx) muscle performance 

and has to be defined operationally (Rothstein et al., 1987). In the 

cont::ext of isokinetic testing, slow speeds of 60 degrees.s" or 

below have been used as a measure of muscular strength (Davies, 

1984). Muscular strength has been associated with the maximum force 

or tension generated by a muscle or muscle groip. Tension is a 

uniaxial force generated vdien a muscle pulls on a t:endon. It can only 

be measured if some type of ĉ Tiamameter is attached directly to the 

tendOTi. Numerous authors [e.g.Hill (1970)] have enployed invasive 

means to assess in vitro muscular tension. When tension is measure 

directly, it is not influenced by mechanical factors such as the lever 

arm. Muscle tension can not be measured directly by isokinetic 

devices. The torque recorded by an isokinetic device is an indirect 

reflection of the t:ension a muscle is generating (Rothstein et al., 

1987). 

2.1.4 Fast Speeds of Isokinetic Testing 

In the literature pertaining to isokinetic devices, the term "power" 

has been used inappropriately. Any tests faster than 60 degrees.s 

have been considered to be power test:s (Davies, 1984). However, by 

definition, power is work per unit time (Krei^ibaum and Barthels, 

1985). 

It hcis been proposed that the reason for testing at fast contractile 

speeds was because the angular speeds of various sport activities were 
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very feist (Davies, 1984). It has been suggested that faster ̂ )eeds of 

joint motion on the Ĉ iaex II approximate those needed for functional 

activities such as gait. For nornal adults during free cadence gait 

(speed = 133cm. s~^), it was found that the knee extensors became 

active during the last 12% of the gait cycle and during this stage the 

knee extended at a rate of 233 degrees.s"! (V^tt and Edwards, 

1981). 

Cybex II has a maximum speed setting of 300 degrees.s-l. Many 

functional activities involve speeds greater than those vAiich can be 

measured by this device. Ingen Schenau, Bdbbert, Huijing and Woittiez 

(1985) measured angular velocities of plantar flexion of 12 trained 

subjects performing maximal SJs. The mean maximal angular velocity 

was found to be 970 degrees.s--*-. 

Isokinetic limb movements do not occur normally since functional 

movements are not constiant speed (Rothstein et al., 1987). As 

previously stated, the faster the preselected speed, the greater tiie 

RCM containing accelerated movement (Savdiill, 1981). It has been 

suggested tiiat measurements should not be taken from the first or last 

0.125s of the torque curve. This is vdiere overshoot and damping error 

occur. At some h i ^ test speeds the torque curves may be briefer than 

0.25s, thus resulting in insufficient torque duration to obtain 

accurate peak torque readings (Cybex, 1980). 
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2.1.5 Validity and Reliability of Ĉ îaex II Measurements 

The validity (Moffroid et ELL., 1969) and reliability (Johnscai and 

Siegel, 1978; Mawdsley and Knapik, 1982) of O/bex II measurements have 

been substantiated. Moffroid et al. (1969) placed successive loads 

(five, 10, 20, 30, 40, 50, 60 px3unds) on the isokinetic device at the 

same distance (two-foot lever arm) and pxDsition. Frcm this test 

protocol a linear relationship was obtained. To determine the 

validity vAien the same load (30 pounds) was placed at various angulcu: 

positions throu^ an arc of 180 degrees, the calculated tuDrque was 

correlated with the obtained torque. The coefficient of validity of 

predicted-to-obtained torque measurements was found to be h i ^ 

(r=0.999). 

Johnson and Siegel (1987) measured the peak knee extension torque in 

40 female subjects aged 17 to 50 years, at 180 degrees.s"l . Six 

test trials on each of tiiree consecutive days were administered. 

Reliability was determined by interclass correlations using a two-̂ way 

ANOVA design. It was found that the major portion of variance was 

accounted for by subjects (92.85%). Of much less inportance was the 

two sources of error variance: days (5.10%) and trials (2.05%). The 

average correlation for the mean of the last three trials per day for 

the three days was 0.98. 

Various testing prtJtocols have been used for the assessntent of peak 

isokinetic torque. Johnson and Siegel (1978) found that a protocol of 

three submaximal t:rials followed by tiiree maximal warm-ip trials was 

required before reproducible measures were manifested. Mawdsley and 
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Ki^ik (1982) assessed 16 subjects (12 men and four women) aged from 

20 to 50 years, for pjeak isokinetic knee extension torque at 30 

degrees.s"^ . Six maxiital trials were elicited in each of the three 

sessions s^arated by two weeks. It was found on the average, that 

there were no significant differences in mean peak torque across 

trials or across sessions. The pattern of peaik torque values within 

test sessions differed and it was reccmmended that at least one 

maximal warm up trrial should be permit:ted if subjects were to be 

tested in one session only. Both studies used non-reciprocal 

contractions. 

2.1.6 Gravitational Effect on Isokinetic Movement:s 

Witii movement:s in the vertical plane, the limbs not only work against 

the c^mamometer but are also eitdier aided or opposed by gravity. A 

correction for the gravitational forces acting on the moving linib and 

lever arm has to be made to eliminate this potentially large error 

(Winter, Wells and Orr, 1981; Fillyaw, Bevins and Fernandez, 1986). 

Winter et al. (1981) had four male subjects perform two minutes of 

submaximal alternating knee flexion and ext:ension at three different 

speeds (20, 40, and 60 degrees.s--'- ). When the gravitational forces 

were not taken into account, the error in mechanical work varied from 

26 to 43% in extension and from 55 to 510% in flexion. 

Fillyaw et al. (1986) compared peak isokinetic knee extension and 

flexion torque values uncorrected for gravity with peak torque vsLLues 

corrected for gravity. Twenty-five female university soccer players 
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with a mean age of 19 years were tested at 60 and 240 degree, s"-*-. 

(Correcting for gravity yielded increases in mean extension peak torque 

of 4.5ft.lb (6.1̂ to) at 60 degrees.s"^ ar¥i 7ft.lb (9.5Nm) at 240 

degrees.s" over the uncorrected torque values. For knee flexion, 

gravity correction yielded approximately an 8ft.lb (ll̂ to) decrease in 

peak torque at each speed. Gravity corrected values were determined 

as reconmended ty Nelson and Duncan (1983). 

An accurate and siirple technique to correct isokinetic torque 

recordings for the effects of gravity was presented by Nelson and 

Duncan (1983). The torque resulting frtm the wei^t of the limb-lever 

system was recorded vAien tiie linib-lever system was allowed to fall 

passively against the resistance of the dynamometer. The 

gravitational torque at the specific angular position was calculated 

and this correction factor was added to the peak torque generated by 

muscle groips opposed by gravity or subtracted from the peak torque 

generated by muscle groips aided by gravity. 

To illustrate this technique, the authors used knee extension as an 

exanple. As the lower leg fell passively at any angle of knee flexion 

(91), the torque (TgOl) due to gravity (Pg) was equal to (PgCosQl) 

multiplied by the length of the movement arm (r) [Figure 1]; that is, 

TgGl = Fg Cosei (r) 

Fg = Tgei 

(r) Cosei 
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Figure 1. Correction of isokinetic peak torque for the effect of 

gravity 

Fg Cos 63 +Contractile Force 

Gravitational torque (PASSIVE) and combined 
gravitational and active muscular torque (ACTIVE). 
F,,CosO, (r) is the maximal torque resulting from the force 
of gravity during the passive fall when the limb and the 
input arm are 8, degrees from the horizontal. (F^CosB2 + 
contractile force)£ is the torque recorded during a maxi­
mal contraction when the limb and the input arm are 62 
degrees from the horizontal. 

Nelson and Duncan, 1983. 

The contribution of gravitational force to torque recorded at ary 

given angle (02) for an active maximum effort contraction (Tge2) was, 

Tg92 = r (FgCosG2) 

= Tg©l (CosG2)r 

(rCosGl) 

= Tgei Cos92 

Cosei 
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2.1.7 Isokinetic Torque - Velocity Relationship 

Studies have demonstrated that as the ̂ jeed of isokinetic t:esting is 

increased, peak isokinetic torque values tend to decrease (Moffroid et 

cil., 1969; Thorstensson, Griiiiby and Karlsson, 1976; Barnes, 1980; 

Yatss and Kamon, 1983). Peak isokinetic torque also occurs later in 

the HCM. as velocity increased (Thorstensson et cil., 1976; Ostemig et 

al., 1983). Muscle length arxi joint angle define a joint position for 

optimal performance. At h i ^ angular velocities the joint may pass 

this pxDint before maximum tension is developed (Cqyle, Costill and 

lesmes, 1979). 

When considering the torque-velocity relationship researchers have 

investigated the peak torque generated within the RCM (Thorstaisson et 

al., 1976; Lesmes, Costill, Coyle and Fink, 1978; Barnes, 1980) and 

the torque produced at a constant angle (Moffroid et al., 1969; 

Ostemig, 1975; Perrine and Edgerton, 1978; Ivy, Withers, Brose, 

Maxwell and Costill, 1981; Yates and Kamon, 1983). 

Conflicting results have been presented for in vivo torque-velocity 

relationship for both peak torque generated within the RCM and the 

torque produced at a constant angle. Thorst^oisson et al. (1976), Ivy 

et al. (1981) and Yates and Kamon (1983), demonstrated a relationship 

(Figure 2) similar to Hill's (1938) classical in vitro force-velocity 

relationship (Figure 3). 



24 

Figure 2. Torque-velocity relationship of human knee extensor 

muscles. 

240 

220 

200 

TORQUE. Nm 

Thorstensson e t a l . , 1976. 
15 30 60 90 180 

Figure 3. Forcervelocity relationship of in vitro animal muscle. 

« I-o 

0-2 0-4 OG 

Tension as PJ^Q 

H i l l , 1938. 
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Moffroid et al. (1969), Ostiemig (1975), lesmes et al. (1978), Perrine 

and Edgerton (1978), and Barnes (1980) found that the in vivo 

torque-velocity curve (Figure 4) was similar to the in vitro hyperbola 

at hi<^er velocities but a plateau was observed in the torque 

generated at lower velocities. It was postulated that a neural 

mechanism limits muscle tension developmvent at lower velocities 

(Perrine and Edgerton, 1978). 

Figure 4. Torque-velocity relationship normalized wilii respect to 

maximum torque. 

48 96 144 192 240 288 

VELOCITY (DEG/SEC) 

Perrine and Edgerton, 1978. 
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Baltzcpoulos and Brodie (1989) have cauticMied against cxxtpariscais 

between the in vitxo and in vivo force-velocity curves. The velocity 

in the in vitro relationship r^resented the actual velocity of 

muscular contraction, vdiere as the velocity in the in vivo 

relationship r^resented the velocity of the moving linib. A 

difference sdso existed in tiie control of itoiscle activation. For in 

vitro studies, stimulation was under esperimental cont:rol and could be 

k e ^ constant at all contiractile velocities. During in vivo stnadies 

with human subjects, activation was voluntarily controlled and the 

pxDssibility of variation existed (Bobbert and Ingen Schenau, 1990). 

2.1.8 Muscle Fibre Type Composition and Ĉ ijex II Peak Isokinetic 

Torque 

An individual's muscle fibre composition is an inportant determinant 

of p)erformance in various physical activities (Ctollnick, Armstrong, 

Saubert, Piehl and Saltin, 1972). The research investigating the 

relationship between muscle fibre composition and peak isokinetic 

tx>rque using O/bex II has focused on the knee extensors with the 

bicpsies performed on the vastus lateralis (Thorstensson et al., 1976; 

Ivy et al., 1981; Clarkson, Johnson, Dextradeur, Leszczyuski, Wai and 

Melohionda, 1982; Schantz, Randall-Fox, Hutchison, Tyden and Astrand, 

1983; Johansson, Lorentzon, Sjostrcm, Fagerlund and Fugl^feyer, 1987). 

Significant relationships between the distribution of different fibre 

types in vastus lateralis and peak isokinetic torque have been found. 

There was a trend for pjeak torque within the RCM to be determined by 
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the p)eroent FT fibres (Thorstensson et al., 1976; Ivy et al., 1981; 

JcSiansson et al., 1987). Conflicting results have also been 

r^jorted. Clarkson et al. (1982) ai>d Schantz et al. (1983) did not 

find a relationship. 

Thorstensson et al. (1976) measured knee extensor torque in 25 healthy 

habitually active male subjects. Significant correlations were 

demonstrated between peak torque produced at the hi^iest test speed 

(180 degrees.s"-^) and p)ercent as well as relative area of FT fibres. 

Ivy et al. (1981) assigned 15 active male subjects to three groips on 

the basis of the proportion of FT fibres. Subjects with predcaninantly 

FT fibres demonstrated significantly greater peak power at 120, 180, 

240, and 300 degrees.s--'" but not at the lowest speed of 60 

degrees.s"-'-. The hi^est coinrelation between performance and 

percent FT fibres occurred at 180 degrees.s •̂. 

The results of Johansson et al. (1987) also illustrated that the peak 

isokinetic torque at 180 degrees.s"-"- expressed characteristics of 

the muscle structure. Five male sprinters and five marathon runners 

were evaluated for peak isokinetic torque at 30 to 180 degrees.s . 

Peak torque was closely correlatied to the calculated absolute FT (type 

llA) fibre area of vastus lateralis, but only at 180 degrees.s"^. 

It was suggested (Johansson et al., 1987) that subjects with a greater 

prcportion of FT fibres may develop peak torque at a joint angle 

closer to the optimal for maximal torque. FT fibres are characterized 

by a shorter cont:raction time (Barany, 1967) and a faster rate of 

tension development (Close, 1972). 
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Although the rate of rise in tension may be faster in muscle 

containing a h i ^ pjercent FT fibres as opposed to muscle containing a 

h i ^ percent ST fibres. Ivy et al. (1982) found no significant 

difference in time to pjeak torque between the groips. It was stated 

that since the angular speed of the linib was preset during isokinetic 

movements the angle resulting in cptinal lever length for torque 

production was a constant pxDint in the RCM for each subject regardless 

of the subject's muscle fibre composition. 

Cjontrary to the tiiree aforementioned studies, Schantz et al. (1983) 

found no significant correlation. The relationship between peak 

isokinetic torque, ST muscle fibre distribution and muscle 

cross-sectional areas were examined in 23 subjects (seven female and 

11 male pjhysical education students as well as five male boc^ 

builders). Maximal knee as well as elbow extension and flexion torque 

at angular speeds of 30, 90, and 180 degrees.s--^ was measured. 

Maximal tension developed per unit of muscle cross-sectional area in 

knee and elbow extensors did not correlate significantly with percent 

ST fibre area and did not differ between the female and male students 

or bodybuilders. 

Clarkson et al. (1982) also found no significant correlation between 

isokinetic torques (made relative to maximum voluntary contraction or 

per kg of bocty mass) and muscle fibre composition. A smaller sample 

size of ei^t male subjects were tiested at 0, 30, 180, and 240 

degrees.S-. 
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To es^lain the discr^ancy in the results. Ivy et al. (1981) have 

stated that peak isokinetic torque was prcAably influenced by the 

anatomdcal properties of the joints and regulatory mechanisms inherent 

in the nervous system, as well as muscle fibre conposition (Coyle et 

ell., 1979; Perrine and Edgerton, 1978; WilMe, 1950). 

Isokinetic devices do not mecisure force in direct line with the 

tension developed within the muscle. Peak isokinetic torque is 

assessed during angular motion and may not always reflect actual 

muscular tension (Coyle et al., 1979). 

2.1.9 Normative Isokinetic Data 

2.1.9.1 Introduction 

Normative isokinetic dynamometiry data have been presented for the 

ankle plantar flexors (Fugl-Meyer, 1981), and knee extensors 

(Poulmedis, 1985) of normal subjects ar>d for the knee extensors of 

unilateral lower extremity anputees (Renstrora, 1981). 

Normative data are specific tx) tiie particular population groip and 

test conditions. For meaningful conparisons certain variables must be 

controlled. Differences in p)eak torque values have been identified, 

resulting from technical and anatomical variations. Technical 

considerations were different angular speeds (Moffroid et al., 1969; 

Thorstensson et al., 1976; Barnes, 1980; Yates and Kamon, 1983), danp 
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setting (Sinacore et al., 1983), correction for the effect of gravity 

(Fillyaw et al., 1986), and the provisiOTi of knowledge of results 

(Figoni and Morris, 1984). 

Figoni and Morris (1984) examined the effects of knowledge of results 

on peak isokinetic knee extension torque of 20 male subjects (aged 

27.0+4.1 years) at 15 and 300 degrees.s"-*-. The knowledge of 

results condition consisted of tiie subjects watxhing the torque stylus 

draw the blue torque curve on the O/bex II recorder's v̂ iite chart 

sheet. Provision of knowledge of results significantly inproved 

torque (approximately 12%) at the slow speed but not the fast speed. 

2.1.9.2 Anatomical Factors 

The anatomdcal considerations comprised of sex (Miyashita and 

Kanehisa, 1979), age (Murray, (Gardner, Mollinger and Sepic, 1980), 

training status (Fugl-Meyer, 1981), limb dominance (Wyatt and Edwards, 

1981), test position (Fugl-Meyer, Gustafsson and Burstedt, 1980), and 

starting angle (Narici, Sirtori and Mognoni, 1989). 

Miyashita and Kanehisa (1979) determined peak isokinetic knee extensor 

torque of 569 Japanese school boys and girls, aged 13 to 17 years, and 

35 swimmers of both sexes, aged 11 to 21 years. The subjects were 

tested at an angular speed of 210 degrees.s--*-. A significant sex 

difference in peak torque bet:ween the same age groips was found. 
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Age has been shown to influence pjeak isokinetic torque. Maximum 

isokinetic knee extensor of the domiinant limb of 72 sedentary male 

subjects was measured at 36 degrees.s-^ (Murray et al., 1980). The 

subjects were divided into tiiree age grxxjps of 24 each: 20 to 35, 50 

to 65, and 70 tX3 86 years. It was found that tiie mean pjeak isokinetic 

torque was 2227+96 kg.cm (218±9.4 Nm) for the youngest groip, 1509 + 

129 kg.cm (148±12.6 Nm) for the middle age groip, and 1302±83 kg.cm 

(128±8.1 Mm) for tiie oldest age groip. 

Fugl-Meyer (1981) compared peaik isokinetic plantzar flexion torque of 

15 trained competitive male athletes (age 24 ± 3 years) with 15 

nonathletes (age 25 ± 3 years) v*io were inactive during working hours 

and leisure. The trained athletes regularly competed in at least one 

of the follcwing sports: badminton, volle^iaall, handball, soccer, and 

figure skating. Plantar flexion was pjerformed with the subjects 

supine, the knee in full extension, and commenced frtam maximum 

dorsiflexion position. Subjects were assessed at angular speeds of 

30, 60, 120, and 180 degrees.s"-*-. It was found at all test speeds 

that the mean peak isokinetic plantar flexion torque of the atiiletes 

were equal to or greater than, those of the nonatiiletes +2SD. For 

example, at 60 degrees.s""'-, the athletes registered 145 ±24 IM and 

the nonatiiletes 96 ±22 Nin. 

wyatt and Edwards (1981) measured the peak isokinetic knee extension 

torque difference betiween dominant and nondominant legs. Botii legs of 

50 male and 50 female nonathletes between the ages of 24 and 34 were 

tested at 60, 180, and 300 degrees.s-"'-. Dower extiremity dominance 

was determined ky the foot the subjects used to place kick a ball 

throuc^ two goal posts set four feet apart. 
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For males, the mean torque values of the domiinant leg was 

significantly greater than the mean torque values generated by the 

nondomdnant leg at cill three speeds. Domiinant and nondominant knee 

extension torque vcilues did not differ significantly for the females 

(p<0.01). 

Different test positions have been demonstrated to influence peak 

isokinetic torque. Fugl^feyer et al. (1980) measured p̂ eak isoJcinetic 

plantar flexion torque in 135 sedentary subjects (66 males and 69 

fenales) aged betweai 20 and 65 years. The subjects assumed a supine 

position on a plinth and were t:ested in t:wD pxDsitions at 30, 60, 90, 

120, and 180 degrees.s--*". The first position was with the knee in 

full ext:ension and the second with the flexed 90 degrees. Both males 

and females generated significantly greater (approximat:ely 13%) peak 

torques in the fully extended knee tiian in the flexed knee (p<0.01). 

Narici et al. (1989) assessed peak isokinetic knee extensor torque of 

ei(^t sedentary males (aged 23.8±3.5 years) at two different starting 

angles and five angular speeds (60, 120, 180, 240, 300 

degrees.s"-'-). The first starting angle was 90 degrees before full 

knee extension and the second was 120 degrees before full extension. 

With the increased starting angle it was found that the peak torque 

was significantly greater at all angular speeds. At 60 degrees.s , 

the peak torque was approximately 13 Nin greater for the 120 degrees 

starting condition than for the 90 degree starting condition. 
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2.1.9.3 Axis of Rotation 

It has been shown that a single axis of rotation for normal ankle 

joint motion does not exist. Sainmarco, Burstein and Frankel (1973) 

utilized a roentgenographic technique to determine the instant joint 

centires of 22 normal wei^t bearing ankles and six normal nonwei^t 

bearing ankles of living subjects. It was found that the 

instantaneous cent:res of rotation continuously changed from the time 

the motion commenced in plantar flexion to its termination at 

dorsiflexion. They occurred anatomically botii within and without the 

body of the talus, some above and anterior to, as well as below the 

talus itself. 

When evaluating plantar flexion with the Cybex II there is a change in 

tile axis of rotation as the linib segment moved without a corresponding 

change of the c^mamometer axis. Rothstein et al. (1987) pxastulated 

that this introduced an error into the measurement. 

Peak isokinetic plantar flexion torques have been found to be 

significantly greater at 0 degrees (0 degrees = full extension) than 

at 90 degree of knee flexion (Fugl-Meyer, 1981). Table 3 shows the 

peak isokinetic ankle plantar flexion torque of the dominant limb of 

15 male athletes. The action was performed in the supine position 

with the knee in full extension. 
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Table 3. Mean peak isokinetic plantar flexion torque of 15 male 

athletes. 

Item X ± SD 

Age (years) 24 ± 3 

Body Mass (kg) 75 ± 6 

Hei^t (cm) 181 ± 8 

Peak torque at 30 degrees.s--*- 184 ± 28 

(Mm) 60 degrees.s--*- 145 ± 24 

120 degrees.s--*- 95 ± 16 

180 degrees.s-^ 63 ± 11 

Adapted from Fugl-Meyer, 1981. 

The knee has been the most investigated joint J^ isokinetic testing 

(see q/bex, 1988). Poulmedis (1985) assessed the peak isokinetic 

torque of the knee extensors of 18 elite soccer players (Table 4). 
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Table 4. Peak isokinetic torque of the knee extensors of 18 

elite male soccer players. 

Item X ± SD 

Age (years) 27.8 ± 3.4 

Bodymass (kg) 75 .5+ 5.2 

H e i ^ t (cm) 176.6 ± 5.2 

Peak torque at 30 degrees.s"-'- 247 ± 29 

(Nm) 90 degrees.s--"- 191 ± 35 

180 degrees.s"^ 126 + 26 

Adapted from Poulmedis, 1985. 

2.1.9.4 Amputees 

There have been limited isokinetic data available on anputees. 

Renstrom (1981) assessed the peak isokinetic extensor torque of 24 

male unilateral belcw-knee aitputees (Table 5). 
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Table 5. Peak isokinetic torque of the knee extensors in 24 

below-knee anputees of the aitputated leg with 

prosthesis and of the nonaitputated leg. 

Leg examined 

Peak torque (3£±SD) 

(Nm) 

Angular speed 

(degrees.s ) 

30 60 120 

Aitputated leg with prostiiesis 

Nonanputatied leg 

52 ±7 44±6 38±5 

156 ±14 140 ± 12 105 +11 

Adapted from Renstrom, 1981. 

The subjects had a mean age of 61± 18 years. They had recently been 

training at an Anputee Training Centre. The mean time from anputation 

to the determination of peak isokinetic torque was 28 ±22 months (this 

value was for a groip v4iioh also included ei^t women). The boc^ mass 

of the subjects was not recorded. 

The subjects were seated with a trunk-thi^ angle of approximately 80 

degrees. Movement at the knee joint was from 100 degrees flexion to 

full extension. The torque values were corrected for the 

gravitational effect of the limb-lever system. The isokinetic knee 
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extensor torques were significantJ.y lower in the aitputated leg than in 

the nonanputated leg at the three test speeds (p<C0.05 - 0.01). 

In summary, differences in pieak isokinetic torque values have been 

identified, resulting from tecimical and anatomdcal variations. For 

valid comparison certain variables must be held constant. There are 

limited isokinetic data on anputees. No isokinetic data on young, 

active, unilateral aitputees were available. 

2.2 Vertical Jump 

2.2.1 Factors Influencing Vertical Jump Performance 

The hei^t to v*iich the CGB is elevated from take-off to the apex of 

fli^t in a maximal voluntary vertical junp has been found to be 

dependent on several biomechanical and physiological parameters. The 

junping hei^t is ultimately detjemdned by the vertical velocity of 

the CGB at take-off. This velocity is dependent on the net linear 

vertical impulse and mass of the subject. The vertical inpulses 

result from the vertical acceleration of the different segments and 

are determined ty the angular inpulses. The angular inpulse 

esperienced at a joint is the product of the mean net torque about 

that joint and time involved (Bay, Vau^han and Woodworth, 1981). 
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Figure 5. Theoretical model of the factors determining h e i ^ t of 

CGB in a ver t ica l junp. 

Elevation H e i ^ t of CGB 

Vertical Velocity a t Take-off 

Vertical Inpulse 

Linear Impulses 

Angular Inpulses at the Joijits 

Mean Net Torque at the Joints Time Intervals 

Adapted from Hay et al., 1981. 

The net t:orque about a joint is the sum of torques exerted by 

agonists, antagonists and inert strructures such as connective tissue. 

The force exerted by a muscle is t±ie sum of t:he passive force exierted 

by stiructures parallel to tiie contractile conpcaients and the active 

force exerted by the contractile components (Bobbert and Ingen 

Schenau, 1988). 

Force exertion has been shown to be determined by muscle activation 

level, naiscle length, contraction velocity (Hill, 1970), 

precontraction state of the muscle (Cavagna, IXisman and Margaria, 

1968), and skeletal muscle fibre composition (Thorstensson et al., 

1976). 
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2.2.2 Enhancement of Muscle Performance After Stretching 

CCTioentric work done by an active muscle has been demonstrated to be 

greater if the muscle is stretxhed prior to its shortening. Cavagna 

et al. (1968) carried out in vivo esperiments on toad satorius muscle 

(Bufobufo) and frog gcistrocaiemius muscle (Rana esculenta) and on the 

forearm flexors of six male subjects aged 21 to 34 years. 

The instrumentation used to obtain the force-length trace comprised of 

a lever driven by a compressed air piston operated by an 

electroveilve. This allowed for very rapid succession between 

st:i«tching and shortening of the muscle. The movement was recorded 

via a pxDtentiometer attached to the fulcrum of the lever and the force 

ty a transducer. During the experiments, the i;?per arm was abducted 

at ri^t angle to the body. 

It was found that a muscle, both in vitro and in vivo, vAiioh shortened 

immediately after being stretched performed greater work than the same 

muscle if it shortened from a state of isometric contraction, with the 

speed, the length, and extent of shortening being constant. 

The stretching of active muscles prior to shortening occurs in a 

vertical junp by a preparatory movement in the opposite direction of 

the anticipat:ed movement. This countermovement with rapid flexion at 

the lower extermity joints places the extensors on stretch (Asraussen 

and Bonde-Peterson, 1974). 
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A number of factors have been proposed to explain the enhancement of 

muscle performance after stretching. Utilization of stored elastic 

energy, greater work done by the contractile compcaient, and stretch 

reflex potentiation have been postulated to esplain this prestretoh 

piienomienon (Cavagna et al., 1968; Bosco and Kcmd, 1979a). 

The utilization of elastic energy has been proposed to contribute a 

significant role (Asmussen and Bonde-Peterson, 1974) but its 

inportance has also been disputed (Ingen Schenau, 1984). The 

utilization of stored elastic energy in a concentric contrraction 

appears to be dependent on movement anplitude (Bosco and Kami, 1981; 

Bosco, Komi, and Ito, 1981), age (Bosco and Kcmd, 1980), and possibly 

gender (Komd and Bosco, 1978). 

2.2.2.1 Influence of Movement Anplitude 

Bosco and Komi (1981) investigated the influence of movement amplitude 

during prestretoh on vertical junp performance. Ten male elite 

volle^aall players aged 23.4±3.2 years, performed SJs and CMTs v*iich 

utilized similar movement ranges about the knee joint. The lowest 

point in the CMJ was recorded by an electrogoniometer and the SJ was 

then performed at this starting angle. Movement range varied between 

27 and 90 degrees of angular displacement about the knee joint. The 

prestretoh anplitude influenced the performance difference between 

CMJs ar»d SJs. Inproved p)erformance in the concentric phase was noted 

with smaller prestretoh anplitude. Movements of small amplitude 

displayed short (50 - 55ms) stretching time for the leg extensor 

muscles compared with hi^er anplitude movements (100 - 120ms). 
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Small amplitude junps (those with a small degree of joint flexion) 

displayed greater utilization of elastic energy. This was thou^t to 

result frcm the shorter transition time in the stretch-shortening 

cycle. Bosco et al. (1981) had 14 male power trained subjects |)erform 

SJs and CMJs. Comparison was made between the t:wo conditions v*iich 

utilized similar movement ranges about the knee joint in the 

conoentric phcise. The results irxiicated that CMJs enhanced the mean 

concentric force and mean mechanical power. The hic^er the force at 

the end of prest:retch, the greater this enhancement. The prestretoh 

speed and rapid transition time in the stretch-shortening cycle were 

associated with enhanced p)erformance during the concentrric phase. 

Further support for the influence of time delay in t±ie 

stretch-shortening cycle on utilization of stored elastic energy may 

be detained from a stiucty by Thys, Faraggiana and Margaria (1972). Six 

subjects aged 22 to 29 years performed two types of movements. The 

first involved knee flexion from erect standing followed immediat:ely 

by knee extension to return to the ipri^t. The second involved an 

interval of 1.5s between the flexion and ̂ ctension. For each 

condition, movement frequency was 20 cycles per minute and the degree 

of flexion was approximately the same. The movement was performed for 

approximately six minutes. The maximal speed during the ectension was 

hi^er, the time of concentiric work was less, the mean power and the 

mechanical efficiency were greater in the condition in vMoh extension 

immediately followed flexion. The results suggests that optimal 

utilization of stored elcistic energy was achieved vAien the shortening 

occurred immediately after the stretching. 
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Large amplitude junps displayed an increase in the time delay betiween 

the stretch and shortening pAiases. Bosco and Kcmd (1981) proposed 

that the Icaig stretcii time of large anplitude movements resulted in 

the detachment of some of the cross bridges between the actin and 

myosin filaments of the muscle fibres. 

Three mechanical elements have been assumed to exist in muscle. The 

contractile and two elastic elements, one parallel and the otiier in 

series witii the contractile components (Carlson and Wilkie, 1974). 

The series elastic conponent has been thou<^t to be located in the 

crossbridges (Hill, 1968) as well as in the tendon (Wilkie, 1956). 

This would e>plain the dissipation of elastic energy with large 

amplitude movements but Alexander and Bennet-Clark (1977) have 

presented evidence that in activities such as running, a greater 

amount of elastic energy can be stored in tendons as compared to tiie 

muscle itself. 

2.2.2.2 Gender 

The influence of gender on the storage capacity and utilization of 

elastic energy was investigated in 25 female and 16 male physical 

education students (Komi and Bosco, 1978). They performed SJs from a 

stiarting position of 90 degrees of knee flexion and CMJs. The maximum 

knee flexion for CMJs was not recorded. Examination of tiie energy 

changes indicated that in CMJs female subjects were able to utilize 

approximately 92% and male subjects approximately 49% of the energy 

produced in the prestretoh phase. It was proposed that the females 

may be able to utilize a greater portion of elastic energy in vertical 

junping. 
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Inconclusive results as to the influence of gender on the utilization 

of elastic energy were <±>tained in a more recent investigaticai. 

Hudson and Owen (1985) examined ei^t males and ei^t females of 

comparable levels of physical activity. Comparison was made between 

SJs and CMJs which utilized similar movement ranges about the kr^e 

joint. This was achieved with the use of an electrogoniometer. There 

was no significant difference between females (37%) and males (51%) in 

the use of stored elastic energy (p-<0.05). 

2.2.2.3 Influaice of Age 

The effect of age on performance of SJs and CMJs was examined in 226 

subjects (113 females and 113 males) ranging in age frcm four tx> 73 

years (Bosco and Kami, 1980). Peak performance was reached ty both 

sexes between the ages of 20 and 30 years, then there was a decrease 

in performance as age increased. The results suggested that the 

elastic behaviour of muscle was also influenced by the ageing process. 

2.2.2.4 Non-Elastic Mechanism 

When an active muscle is forced to stretch it stores elastic energy 

v*iich can be partially recovered during the shortening pAiase. It has 

been proposed that the increase in concentric work done after 

stretching is not only due to the utilization of elastic energy, but 

that the contractile component is also re^x>nsible for part of this 

increase (Cavagna et al., 1968; Ingen Schenau, 1984). This 

non-elastic mechanism is believed to be due to a greater force 
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developed by each crossbridge betzween the muscle filaments (Cavagna, 

Mazzanti, Heglund and Citterio, 1985). 

2.2.2.5 Stretch Reflex Potentiation 

Another factor postulated to enhance muscular performance after 

prestretching is stretch reflex p>3tentiation (Bosco and Kami, 1979a). 

Fast stâ etch of an active muscle causes substantial stretch reflex 

potentiation via la afferents from the muscle spindles resulting in an 

increased frequency of motor unit discharge (Prochazka, Westerman and 

Ziccone, 1977). 

The improvement aft:er prestretching of in vitro muscles with intact 

nervous connections has been attributed to a cxaiibination of the 

utilization of stored elastic energy and the reflex potentiation of 

muscle activation (Bosco and Komd, 1979a). 

Support for tiie reflex potentiation hypothesis was found in a study ty 

Bosco, Tarkka and Komi (1982). Five pAiysical education students aged 

29±4.3 years performed maximal vertical junps executjed by the ankle 

plantar flexors only. The hip and knee joints were fixed with an 

orthopaedic cast. SJs were performed with the heels flat on the 

ground, CMJs were performed from a toe-standing position with a 

preliminary countermovement. 

BM3 activity was recorded from soleus and gast:rocnemius. Comparison 

was made between SJs and CMJs vhidi utilized similar movement ranges 

about the ankle joint during the concentric phase. The Q C records 

demonstrated significantly greater myoelectrical 
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activity of the plantar flexors during the concentric phase in CMJs 

v*ien compared tx> SJs. To separate the effects of utilization of 

elastic energy and reflex potentiation it was assumed that the force 

developed during the concent:ric pdiase of CMJs was linearly related to 

the integrated IMG activity. The contribution of elastic energy was 

72% and reflex potentiation, 28% 

In summary, it has been demonstrated that muscle performance is 

enhanced after stretching (Cavagna et al., 1968). Utilization of 

elastic energy has been pxjstulated to contribute a considerable role 

(Asmussen and Bonde-Peterson, 1974). Movement amplitude (Bosco and 

Komd, 1981; Bosco et al., 1981), age (Bosco and Kcmd, 1980) and 

possibly gender (Kami and Bosco, 1978) appear to influence the storage 

and utilization of elastic energy in concentric contractions, i^art 

from the utilization of stored elastic energy, greater work done ty 

the contractile conponent and stretch reflex potentiation have been 

proposed to contribute to the enhancement of muscle performance after 

stretching (Cavagna et al., 1968; Bosco and Komd, 1979a). 

2.2.3 Skeletial Muscle Fibre composition and Vertical Jump 

Skeletal muscle fibre composition has been shown to influence vertical 

junp performance. Bosco and Kami (1979b) examined thirty-four male 

physical education student:s aged 24.3+2.5 years for muscle fibre 

composition and performance in SJs and CMJs. FT muscle fibre 

distribution in vastus lateralis ranged frcm 19 to 76% with a mean 

50.7±15.1. Percent FT fibre showed significant relationship with the 

hei^t of rise of the CGB in both SJs (r=0.37; p<0.05) and CMJs 

(r=0.48; p<0.01). 
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Similar results were obtained by Viitasalo and Bosco (1982). Six male 

students aged 20 to 27 years were separated into two groips of three 

according to their muscle fibre composition in vastus lateralis. The 

subjects in the first group had a FT fibre percent greater than 50 and 

junped significantly hi^er in the SJ ccarlition than the subjects with 

a FT fibre pjercent less than 50. 

2.2.4 Coordination in Vertical Jumping 

The vertical junp is a complex multijoint movement. Coordination is 

believed to be a requirement for proficient performance. Timing, 

sequencing and anplitude of muscle activation appear to be the bases 

of coordination (Bobbert and Ingen Schenau, 1988). 

The t:wo primary patterns of segmental coordination postulated for 

junping have been simultaneous (Krei^ibaum and Barthels, 1985) and 

sequenticil (luttgens and Wells, 1982). In the simultaneous pattern 

all segments initiate extension at the same time. In the sequential 

pattern each distal segment initiates movement at the time of peak 

velocity of the adjacent proximal segment. 

Research findings have been inconclusive as to vdiich pattern of 

coordination is esdiibited by skill junpers. Hudson (1986) examined 

the coordination of segments in CMJs and SJs for ten male subjects 

aged 22.8±3.4 years and ten female subjects aged 21.0±1.9 years. 

All subjects were involved in junping activities or distiance running 

events. 
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CinematograpAiic data was used to construct a four segment model. The 

model consisted of head-arm-trunk, trunk, thi^, and legs. For each 

segment the phases of positive contribution was considered to commence 

with the initiation of extension and terminate with maximum angular 

velocity. The skilled jumpers initiated extensions and reached 

maximum velocity of the segments in proximal to distal order witii very 

small time delays between adjacent segments. Thus in this study the 

most r^resentative pattern of coordination for junping wcis 

simultaneous. 

Si^port for the sequenticil pattern of segmental coordination is found 

in a stu£^ by Bobbert and Ingen Schenau (1988). Tten skilled male 

volleyball players aged 23± 3 years p)erformed CMJs. Ground reaction 

forces, cinematographic data and BVE activity from seven leg muscles 

were recorded. 

Rectified, low-pass filtered EMS levels were assumed to reflect 

activation levels and rose to a maximum in the sequence: 

semitendinosus, long head of biceps femoris, gluteus maximus, vastus 

madialis, rectus femoris, soleus, and gastrocnemius. For the 

monoarticular extensor muscles to release as much energy as pxDSsible 

before toe-off, it was argued that the vertical velocity difference 

between the proximal and distal ends of the body segments reached 

their peak in a sequence: ipper body, thi<^, legs, and feet. 

As pointed out by Gregoire, Veeger, Huijing and Ingen Schenau (1984), 

Vergroesen, De Boer and Ingen Schenau (1982) found large differences 

between the times for peak torques and that for peak power in the hip, 

knee, and ankle joints for CMJs. H i ^ power output in the ankle 

joints was also noted. 
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In one-legged CMJs, peak plantar flexion power has been found to be 

much greater than the largest power output ciDtained by multiplying 

velocities and pjeak torques during isokinetic plantar flexion 

{Bobbert, Huijing and Ingen Schenau, 1986). The maximal power output 

of the ankle during t3(«3-legged SJs was six times larger than the 

output for maximal isokinetic plantar flexion (Ingen Schenau et cil., 

1985). 

One meciianism believed to account for this difference is the transfer 

of pxDwer from proximal to distal via biarticular muscles. Gregoire et 

cil. (1984) examined tiie role of biarticular muscles in CMJs performed 

by ei^t male subjects. 

Ground reaction forces, cinematographic data, and ByE activity from 

ei^t leg muscles were recorded. The h i ^ power output found in the 

ankle joint during plantar flexion was attributed to a sequential 

power flow from hip to knee to ankle joint. The power generated by 

the monoarticular extensors of the hip and knee joints was transferred 

distally to the ankle joints via the biarticular muscles. 

Bobbert et al. (1986) estimated the contribution of biarticular muscle 

transfer, to work done during the push-off pnase in one-legged CMJs by 

using a model of the muscle-tendon conplex of tiriceps surae. Ten well 

trained male subjects performed one-legged CMJs with their nondomdnant 

leg. Grxxind reaction forces and cinematographic data were recorded. 

From the model it was estimated that muscle fibres, tendinous 

structures and biarticular t:ransfer accounted for 30, 45 and 25%, 

respectively, of the total work done during the push-off phase. 
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In summary, the tiwo main patterns of segmental coordination proposed 

for junping have been simultaneous and sequential (Krei^ibaum and 

Barthels, 1985; Luttgens and Wells, 1982). Studies have found 

inconclusive results as to viiich pattern of coordination was ê diibited 

by ̂ cilled junpers (Hucfeon, 1986; Bobbert ai¥d Ingen Schenau, 1988). 

Biarticular muscles have been suggested to transfer power frcm the 

proximal to distal segments (Gregoire et al.,1984) 

2.2.5 Segmental Contribution to the Vertical Jump 

Different techniques have been used to assess individual segment and 

joint contributions to the vertical junp. Miller and East (1976) 

analyzed the contribution of segment inertial forces to the vertical 

ground reaction force inpulse duriiig the propulsive phase. 

Their investigation utilized four physically active college women aged 

20 to 23 years v*io performed maximal CMJs with arm swing. Ground 

forces and cinematographic data were collected. The means and 

standard deviations of relative segmental contribution for four trials 

per subject were present:ed (Table 6). 
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Table 6. Relative contributions of segment inertial forces to 

the vertical ground inpulse during the propulsion 

phase. 

Segments 

One 

Subject 

Two Three Four 

Feet 0.8±0.1 1.0±0.1 1.3±0.4 0.9±0.3 

Lower legs 5.0±0.5 4.7±0.3 7.2±0.3 4.4±0.3 

Thi«^ 9.711.3 9.1+0.7 17.310.6 7.1+1.1 

Trunk 54.511.7 59.3±2.8 46.6±2.2 60.1±0.6 

tapper arms 9.6 + 0.4 8.7±0.4 7.8±0.2 9.010.7 

Forearms and hands 11.510.5 5.412.8 10.8+0.8 7.410.6 

Head and necik 9.6+0.4 12.411.6 8.0t0.2 11.910.3 

Miller and East, 1976. 
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This technique enplcyed by Miller and East (1976) to assess segmental 

contribution was influenced by the mass of the individual segments. 

Therefore the trunk, because of its large mass, was considered 

responsible for most of the inpulse generated. 

Luhtanen and Komi (1978) analyzed segmental movement contribution to 

the forces acting on the CXSB during vertical junping. Ei^t skilled 

male junpers (volleyball and basketball players) performed seven 

different isolated movements of maximum int:ensity. 

The movements were: plantar flexion with strai^t knees and ankle 

angle of 20 degrees, knee extension from 90 degrees with fixed ankle 

angle of 0 degrees, trunk extiension from 40 degrees of flexion, head 

swing backwards from full neck flexion, straight arm ipward swing, 

ipward arm swing with 90 degree elbow angle, and upward arm swing with 

45 degree elbow angle. Complete maximal vertical jumps incorporating 

t±ie segmental movements were also performed. 

Figure 6. Schematic description of the isolated movements and the 

cxmplete vertical junp. 

FLtXION HIJNSIO" E«IJH!IO» SWINO 

Luhtanen and Kcmd, 1978. 
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Ground reaction forces and cinematogr^iiic data were used to calculate 

the positive net impulses in the segmental movements and their 

relative contribution to the complete junp. The results displayed the 

follcwing relative segmental contribution to the vertical junp: knee 

extension 56%, plantar flexion 22%, trunk extension 10%, arm swing 

10%, and head swing 2%. 

Cancerrx has been ejpressed witii the isolation technique because of the 

difficulty with complete isolation of joint movements (Hubley and 

Wells, 1983). luhtanen and Kcmd (1978) stated that several trials 

were performed and the isolated movenent:s were aoc^jted for analysis 

based on two crit:eria. Firstly, two observers had to agree tiiat the 

movement was performed in accordance with the instructions. Secondly, 

the subject had to confirm that he "felt" the performance was 

successful. 

A work-energy approach has been postulated to minimize problems 

asscoiated with other techniques. Hubley and Wells (1983) used such 

an approach to quantify the work contributions of the muscles crossing 

the hip, knee and ankle joints to the total positive work done during 

maximal vertical jumps. 

Six active male university students, mean age of 25 years, p)erformed 

CMJs and SJs with the arms akimbo to minimize extraneous movements in 

the ipperbocty. Ground reaction forces and cinematogr^Aiic datia were 

used to construct a four segment model and calculate the positive 

mechanical work performed at each joint for the propulsive phase of 

the junp. 
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It was found that the mean relative contribution of the ankle, knee 

and hip muscles were approximately 23, 49 and 28% respectively. The 

muscles crossing the knee were the largest single contributor but the 

hip and ankle extensors were also important contributors. 

The influence of arm swing on vertical junp performance was 

investigated by Khalid, Amin and Bober (1989). Twenty-ei^t subjects 

aged 23.6± 6.8 years porformed SJs with arms akinibo, SJs witii arm 

swing, CMJs with arms akimbo, and CMJs with arm swing. Ground 

reaction forces and electrogoniometric data from the loiee joint were 

recorded. 

Arm swing increased vertical junp pjerformance by 11% for SJs and 10% 

in CMJs. These results were statistically sigrdficant (p<0.05). 

Analysis of kinematic knee data revealed that time for ext:ension, 

angle of extension at take-off, and maximum angular velocity of 

flexion and extension were not significantly influenced by arm swing. 

Since t±ie difference in junps with or without arm swing was not 

reflected in t±ie kinematic knee data, it was proposed that the gain in 

junping hei^t was the result of the enhancement of the 

stretch-shortening cycle of the leg muscles and subsequent utilization 

of elastic energy. 

In summary, several techniques have been applied to determine 

individucil segment and joint contributions to the vertical junp. Knee 

extension has been found to be the largest single contributor with hip 

extension ard. ankle plantar flexion eilso being inportant contributors 
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(luhtanen and Komi, 1978; Hubley and Wells, 1983). Inclusion of arm 

swing was demonstrated to significantly increase vertical jump 

performance (Khalid et al., 1989). 

2.2.6 Kinetics of a Vertical Jump 

The vertical conponent of the ground reaction forts (Fz) of a CMJ 

take-off is deleted in Figure 7. 

Figure 7. Vertical ground reaction force of a countermovement 

junp take-off. 

"tiAiye 

Adapted from Miller and East, 1976. 



55 

The f i r s t phase (t]^-t2) coincides with the i n i t i a l countermovement 

of the junp. Fz was less tiian BW, resulting in a preliminary 

underwei^ting. The following section (t2-t3) i s the wei^ t ing 

phase vAiere Fz i s greater than BW. Firal underwei^ting (tg-t^) 

oocurrs immediately before the instant of take-off ( t^ ) . The f l i ^ t 

time of the junp i s t^ - t^ . 

Power i s not necessarily a correct concert: for assessing ver t ica l junp 

performance. The h e i ^ t of a junp i s determined ty the take-off 

velocity and neither h e i ^ t of the junp nor take-off velcoity are 

measures of leg pxower (Li<^tsey, 1985). 

Inpulse i s the more appropriate parameter. I t i s the integral of the 

function of the resultant ver t ical force (Fz-BW) on the CGB. To 

improve ver t ica l junp p»erformance the resultant ver t ical force and/or 

time duration (t2-t3) need to be increased (Adamson and Whitney, 

1971). 

Since SJs are pierformed without a countermovement, the ver t ica l force 

trace should not include a preliminary underwei^ting phase. 

Difficulty has been espressed in executing SJs without a 

countermovement. Khalid e t a l . (1989) analysed the electrogoniometric 

data v*iich revealed very small knee flexion for SJs. 
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2.2.7 Vertical Jump Performance of Countermovement Junps Versus 

Static Jumps 

Several researchers have investigated the effect of stretching the 

muscles prior to shortening by comparing CMJs with SJs. CMJs utilize 

the stretch-shortening cycle vAiile SJs ocaisist almost entirely of 

concjentric contraction. CJomparison has been made betiween CMJs and SJs 

with no constraint on novement anplitude (that is, degree of knee 

joint flexion) (Asraussen and Bonde-Petersen, 1974; Bosco and Kami, 

1979b; BC3SCO and Kcmd, 1980; Sanders and Wilson, 1989), with SJs from 

a preset knee joint angle not congruent with that of the CMJs (Kcmd 

and Bosco, 1978) and between CMJs and SJs v*iioh utilized simdlar 

movement anplitude (Bosco et al., 1981). 

Asraussen and Bonde-Petersen (1974) compared CMJ and SJ performance of 

19 subjects, 14 males and five females. Vertical junp performance was 

calculated from the fli^t time (t^j^), measured from the vertical 

ground reaction force tirace. This recjuired the subjects to leave and 

land on the platform with the same body position. The vertical 

velcxjity (Vv) at take-off was obtained from the formula: 

^ = V 2 (tair) 9' 

in v*iich g = acceleration of gravity (9.81ms ) 

The hei^t of rise (h) of the OGB was then calculated: 

h = W^ 

2g 
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This method of calculation as compared to cinematograp*iic technique 

has been shown to prcsduce an error of ±2% (Kami and Bosco, 1978). 

The subjects were instructed to keep their anms at their sides with 

only sli^tiLy flexed elbows. The degree of knee flexion was not 

recorded for either junping condition. Vertical jump performance in 

CMJs was found to be significantly greater than SJs (p<0.02). 

Table 7. Static junp and countemovement junp psrformarKe of 14 

male and five female subjects. 

Bcxiymass SJ CMJ 

(kg) (cm) (cm) 

71.0 36.6 38.6 

SD 7.1 8.3 

Adapted from Asmussen and Bonde-Petersen, 1974. 
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Bosco and Kcmd (1979b) compared CMJs and SJs of 34 male physical 

educatioMi students, age 24.3±2.5 years. Maximal vertical junps were 

p)erformed with the arms a]diiibo. The SJs were performed with no preset 

movement amplitude. The fli^t time from the vertical force trace was 

used to calculat:e vertical junp performance. CMJs resulted in a 

significantly hi^er rise of tiie CGB (p<;0.001). The mean CMJ 

performance was 41.6±6.1 cm compared with 35.9±4.7 cm for the SJ. 

In a study with a relatively large sample size, Bosco and Komi (1980) 

assessed a total of 226 subjects (113 males and 113 females) ranging 

in age from 4 to 73 years. They were divided into different age 

groips. The male groips consisted of ten children (four to six 

years), 19 school boys (13 to 17 years), 35 university st̂ jdents (18 to 

28 years), 16 school teachers (29 to 40 years), 15 hospital personnel 

(41 to 49 years), four ho^ital p)ersonnel (54 to 65 years), and 11 

pensioners (71 to 73 years). 

The female groips consisted of 11 children (fcsur to six years), 15 

school girls (9 to 12 years), 41 university students (19 to 26 years), 

16 school teachers (34 to 40 years), 15 hospital personnel (41 to 48 

years), 11 hospital personnel (51 to 64 years), and 14 pensioners (71 

to 73 years). 

CMJs and SJs were performed witii the arms akimibo and no constraint on 

knee joint angle. Fli^t time from the vertical force trace was used 

to calculate vertical jump performance. All groips attained a hi^er 
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rise of the CGB in the CMJs as compared to the SJs. The inprovenent 

in performance ranged between 10 to 20 % for the male groips and 12 to 

23% for the female grotps. 

Oonflicting results were presented by Sanders and Wilson (1989). 

Eleven male and six female subjects performed CMJs and SJs with arm 

swing and no constraint on the angle of knee flexion. Ten of the 17 

subjects performed equivalent or greater work in the SJs than in 

CMJs. The authors speculated that constraining subjects to preset 

amplitudes may not allow for optimal timing in junping, preventing the 

desired summation of forces of the elastic and contractile components 

at the appropriate time. 

In an investigation vAiere SJs were initiated from a preset knee joint 

angle of 90 degrees, Komd and Bĉ sco (1978) assessed the vertical junp 

performance of fifty-seven subjects. Twenty-five female jAiysical 

education students, 16 male physical education students and 16 players 

from the Finnish national men's volle^^aall team participated in the 

stucty. CMJs and SJs were performed on a force platform with the arms 

akimibo. The flight time from the vertical force trace was used to 

calculatie vertical junp performance. In all groips CMJ performance 

was significantly greater than SJ (p<0.01). 
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Table 8. CSountermovenent junp and static junp performance of 

physical education students and vollei*all players. 

Junping Condition Female physical Male physical Male volleyball 

ecJucation students education students players 

SJ (cm) 19.2 1 3.6 35.5 ± 5.1 37.2 ± 3.7 

CMJ (cm) 23.3 ± 3.5 40.3 1 6.6 43.4 +- 5.2 

Adapted from Kami and Bosco, 1978. 

Bosco et al. (1981) made a comparison of CMJ and SJ performance vMch 

utilized similar movement ranges about the knee joint in the 

concentric phase. Fourteen male power trained athletes, age 22.915.4 

years, performed vertical junps on a force platform. An 

electrogoniometer was attached to the lateral side of the subject's 

knee joint. The CMJ was performed first and the starting angle for 

the SJ was cdDtained from the electrogoniometer record of the CMJ. The 

results indicated that CMJs enhanced the mean concentric force and 

mean mechanical power by 60 and 81%, respectively. 
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In summary, vertical junp performance of CMJs has been found to be 

significantly enhanced over SJs. The enhancement has been 

demonstrated between CMJs and SJs of varicxis initial conditions 

(Asraussen and Bonde-Petersen, 1974; Komd and Bosco, 1978; Bosco and 

Komd, 1979b; Bosco and Komi, 1980; Bosco et al., 1981). 

2.2.8 Relationship of Isokinetic Torque to Vertical Junp 

(Senuario and Dolgener (1980) investigated the relationship between the 

vertical junp and the peak isokinetic torque. Knee extension and 

ankle plantar flexion torque were assessed in 29 female athletes at 

angular speeds of 30 and 180 degrees.s--^. Plantar flexion torque 

was cjbtained with the subjects seat:ed and knee in full extension. The 

vertical junp was expressed botii in inches and ft.lb (body mass 

displaced during junping prtsvided an indication of the work done). 

The hi^est correlation was found between vertical junp expressed in 

ft.lb. and peak knee extension torque at 180 degrees.s--^ (r = 0.587, 

p<0.01). The peak plantar flexion torque exhibited a lower 

correlation witii vertical junp espressed in ft.lb. (r = 0.502, 

p<0.01). There was no significant correlation between peak torque 

generated at 30 degrees.s"-'- and vertical junp espressed in ft.lb. 

The correlations determined in this study were low and it was 

concluded that there was little if any relationship between peak 

torque at either angular speed and the vertical junp ability for this 

group of subjects. 
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Perrine, Gregor, Munroe and Edgerton (1978) compared total-leg thrust 

isokinetic force and vertical junp height. Ten skilled 

intercollegiate vollei^all players and ten unskilled junpers, five 

males and five females in each group, participated in the study. 

Vertical jump hei^t correlated only moderately (r = 0.66) with peak 

force. 

Oberg (1988) assessed 224 scxxer players and 57 nonathletes for 

isokinetic knee extensor torque and one-legged vertical junp ability. 

Both legs were assessed for junp hei^t vftiich was calculated from 

fli^t tine of the vertical force trace. Knee extensor torque 

ejdiibited a hic^er correlation to junp hei^t for the domiinant junp 

leg (r = 0.7 to 0.8) than for the nondcaminant junp leg (r = 0.5 to 

0.7). 

Low to moderate correlations have been determined betiween peak 

isokinetic toirque and vertical junp ability (Perrine et al., 1978; 

Genuario and Dolgener, 1980; Oberg, 1988). Unlike single joint 

actions assessed by Clî oex II, the vertical junp is a complex action 

vdiich involves biarticular muscles (Gregoire et al., 1984), 

contribution of many segments (Hubley and Wells, 1983), and possible 

utilization of elastic energy (Asmussen and Bonde-Petersen, 1974) and 

stretch reflex potentiation (Bosco and Kami, 1979a). 

2.3 Unilateral and Bilateral Icwer Extremity Activity 

Investigations conparing unilateral and bilateral lower extremity 

activity have included isometiric leg press (Secher, Rorsgaard and 
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Secher, 1978; Vandervoort, Sale and Moroz, 1984; Secher, Rube arxi 

Elers, 1988; Schantz, Moritani, Karlson, Jodiansson and Lundh, 1989), 

isometric knee extension (Schantz et 2il., 1989), isokinetic leg press 

(Vandervoort et al., 1984) and CMJs (Soest, Roebroeck, Bc*±ert, 

Huijing and Ingen Schenau, 1985). 

Many of the studies viiich assessed maximal isometric leg press force 

(hip and knee extension) required the subjects to sit in a chair and 

press tiie feet against a foot-plate attached to a steel rod mounted in 

bearings on an iron frame (Secher et al., 1978; Secher et al., 1988; 

Schantz et al., 1989). A strain gauge dynamomet:er (Asraussen, 

Heeboll-Nielsen and Mblbeoh, 1959) was used to measure the force. 

Secher et al. (1978) compared maximal isometric unilateral (one-leg) 

and bilateral (both legs simultaneously) leg press force. Six male 

subjects, age 23 to 26 years, body mass 80l4.9 1^, participatied in 

the study. The ankle and knee joints were at a predetermdned angle of 

90 degrees. The maximal force of the bilateral leg press was 7513.6% 

of the summed unilateral force (the force recorded during separate 

left and ric^t leg contractions). 

In a study with a larger sample size, Secher et al. (1988) compared 

maximal isometric force during bilateral and unilateral leg press with 

167 female and male, untrained and trained subjects (ei^t bicyclists, 

38 wei^t lifters). It was found that the bilateral force was 82 ± 

1.3% of the summed unilateral force with no significant difference 

betweai trained ai>d untrained subjects. 
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Schantz et al. (1989) compared bilateral and unilateral leg press 

force of six male and ei^t female students, age 23 ±2 years with a 

mean body mass of 6412 kg. The knee joint angle was 90 degrees. The 

results demonstrated that the bilateral leg press force was 

significantly lower than the summed unilateral force (p<[0.05). 

Modifications made to a Cybex II permitted an alternative methoxi to 

assess maximal isometric leg press strength. Vandervoort et al., 

(1984) compared maximal isometiric bilateral and unilateral leg press 

force of nine male physical education stiudents. The subjects were 

aged 20 to 24, body mass 64 to 74 kg, and the knee joint angle was 100 

degrees. Maximal bilateral strength was found to be significantly 

less than summed unilateral (p^O.Ol). 

Maximal isometric knee extension force was also assessed by Schantz et 

al. (1989). The subjects were seated with their lower legs attached 

to the lever amis of two Cybex lis with the knee joint at a 90 degree 

angle, contrary to the findings of isometric leg press, the bilateral 

isometric knee extension force was significantly greater (4.211.0%) 

than the summed unilateral force. 

It has also been reported that bilateral leg strength significantly 

differed from summed imilateral during ĉ nnamic contractions. 

Vandervoort et al. (1984) assessed maximal voluntary contractions with 

a Ciiaex II modified to evaluate bilateral and unilateral leg press 

torque. 
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The subjects commenced extension from a knee angle of 90 degrees. 

Peak and average torque generated ciuring ri^t leg only, and bilateral 

leg presses were recorded from ten angular speeds ranging frcm 0 to 

424 degrees.s--'-. 

Four of the subjects were utilized for an EMS study. WG activity in 

vastus medialis, vastus lateralis, and rectus femoris of t±ie ri^t leg 

were compared between unilateral and bilateral maximal contractions at 

15 and 380 degrees.s"-'-. 

Maximal strength of the bilateral leg press was found to be 

significantly less than the summed unilateral leg press strength for 

eill concentiric speeds (p-<0.01). Significantly less integrated EMG 

activity was recorded from the knee ext:ensors muscles of the domiinant 

leg during bilateral compared with unilateral maximal contractions 

(p<0.006). The results indicated that the extent of motor unit 

activation appeared to be reduced in bilateral relative to unilateral 

maximal contiractions. 

It has been suggested that force reduction resulted from the 

incapacity of the nervous system to activate maximally a large number 

of muscles simultaneously. Secher et al. (1978) prcposed that this 

reduction was due to a decreased recruit̂ ment of ST muscle fibres viiile 

Vandervoort et al. (1984) indicated a decreased activation of FT 

muscle fibres. The exact nechaidsm is unknown. 

To investigate whether the differences between unilateral and 

bilateral isometric and isokinetic actions applied to complex 

movements, a cxmparison of one-legged and two-legged CMJs was made by 

Soest et al. (1985). 
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Ten well t r a i n e d male volleilDall p layers , aged 2 3 1 4 years and booty 

mass 8 3 . 5 1 1 0 . 0 kg, performed t h e one-legged and two-legged CMJs 

(Table 9 ) . One-legged junps were performed with the l e f t l eg . 

Anthropometric measures revealed t h a t t he ciroaamferenoes of the l e f t 

leg were smaller than those of the r i ^ t l eg , thus the l e f t l eg was 

r o t l i k e l y t o have been dominant. 

Subjects were instiructed t o keep t h e i r arms akimbo and keep the r i ^ t 

leg i nac t i ve . Ground reac t ion forces, cinenatograpAiic and IMG data 

were recorded. Junping h e i ^ t was defined as tiie v e r t i c a l d is tance 

bet:ween t h e h i ^ e s t pos i t ion of t h e g rea t e r femoral tiroohanter 

landmark and of t h i s landmark v*ien the subject was standir>g e r e c t . I t 

was found t h a t t he t h e jumping h e i ^ t in one-legged junps was 58.5% of 

t±ie junping h e i ^ t i n two-legged junps. 

Table 9. One-legged and two legged ccsuntemovement junps. 

One-legged junp Two3-legged junp 

Junping h e i ^ t (cm) 31 ± 3 5 4 1 6 

Adapted from Soest e t a l . , 1985. 
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In summary, the majority of studies comparing unilateral and bilateral 

lower ext:rendty activity have fosund the summed unilateral activity to 

be significantly greater than the bilateral. It has been 

demonstrated that maximal isometric bilateral leg press force was 

significantly less than that of the summed unilatercil leg press 

(Secher et al., 1978; Vandervoort et cil., 1984; Secher et al., 1988; 

Schantz et al., 1989). 

Maximal bilateral isometric knee extension force was found to be 

significantly greater than the summed unilateral force. During 

ctynamic and complex movements, the suraned unilateral activity was 

greater than the bilateral. Vandervoort et al. (1984) found the 

maximal isokinetic leg press strength to be significantly greater for 

the summed unilateral than for the bilateral press. Ctmparisons of 

one-legged and two-legged CMJs illustrated that the junping hei(^t in 

the one-legged CMJ was significantly more than 50% of that in the 

two-legged CMJ (Soest et ed., 1985). 

2.4 Video Analysis of Motion 

2.4.1 The Peak System 

AdvaiKements in image processing teciinology have led to the 

introduction of video systems into tiie area of motion analysis. The 

Peak system (Peak Performance Technologies Inc., 1989) has been 

designed to perform manual digitizing from standard VHS format video 

tape recordings. The system's "frame gra]±er" captures single video 

frames recorded on videotape, viiere they are split into two fields. 
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enhanced, and presented for digitization. A cross-hair pointer, 

operated by a "mouse" is siperinpoDsed onto the digitally stored image 

thereby eliminating parallax error. 

The system has three main hardware components; the video recorder and 

monitor, AT compatible computer and monitor, and the Peak 2D Ctore. 

Use of a shuttered video camera ensures a crisp, clear image. The 

Peak 2D Core consists of two circuit boards: a video recorder 

contiroller and a frame grabber. Each videotape image is composed of 

two s^arate fields. When the video camera operates at 25 

frames.s"-^, this frame splitting ability results in the actual film 

speed being 50 frames.s--'- (Peak User's Reference Manual, 1989). 

2.4.2 Accuracy of the Peak System 

The accuracy of tiie Peak system has been compared with that of 16mm 

film for point reprediction using the Direct Linear Transformation 

Method (Kennedy, Wri^t and Smith, 1989). Survey range poles formdng 

the boundaries of a cube with 20 control points of known spatial 

coordinates, were filmed and videotaped. A 16mm Locam intermittent 

camera was used for filming and a Panasonic AG450 was used to 

videotape. A Summagraphics Micaogrid II tablet connected to an lEM 

persoral computer was utilized to digitize the 16nim film. The video 

records were digitized using the Peak system. Three investigators 

digitized three frames per camera view. The nine sets of digitized 

points for toth film and video were compared with the actual 

coordinate values. 
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Resultant means errors were found to be statistically different, 4.8mm 

and 5.8mm for film and video respectively. The investigators stated 

that Iram mean difference between the video was of little practical 

significance. If t±ie calibrated field (2x2x2m cube) was considered, 

then 5.8mm for video r^resented an error of only 0.29% of the real 

space measured and the 4.8mm error for film was 0.24% of the field. 

It was concluded that video format of the Peak system was comparable 

in accuracy to 16inm filming method (Rennecty et al., 1989). 

2.4.3 Sampling Rate 

The acouracy of motion analysis systems is also dependent on the 

sanpling rate and the harmonic content of the signal. The maximum 

sampling rate is usually the maximum frame rate. The Nyquist sampling 

theorem states that the sampling rate must be at least twice the vedue 

of the hic^est frequency conponent present in the pure signal. In 

actual practice, it has been reccmmended to choose a sampling rate 

three to fo3ur times the highest frequency to ensure a satisfactory 

r^roduction of the original signal (Dainty and Norman, 1987). The 

maximum sanpling rate for the Peak system is 50Hz. This implies that 

the system would not be suitable for analysing motion in excess of 

^proximately 12 Hz. 

D'Amioo, Ferrigno and Rodano (1989) assessed the freojuency content of 

body landmark displacements during several track and field movements 

including the vertical junp. Two male athletes, one race walker and a 

hurdler acted cis subjects. The Elite system was used to analyze the 
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motion. It comprised of two television cameras allowing for three 

dimensional measurements. Reflective markers were adhered on the skin 

over the iliac crest, head of the femur, knee joint, lateral 

malleolus, and fifth metatarsal head. The subjects were illuminated 

ty infrared stxobes, mounted on the camera. The sampling rate was 50 

frames.s-1. 

Significant differences were found among the frequency content of the 

five anatomdcal points during the same movement, and bet:ween x and y 

coordinates of each marker during the sane movement. For the vertical 

junp, the means and standard deviations of the cut off frequencies 

bounding 99.5% of the signal power for the five markers were 4.84 ± 

2.20 and 2.80±1.47 Hz for the x and y coordinates respectively. 

Based on this c3ata, the Peak system is appropriate for analyzing the 

vertical junp since the frequency content of the anatomdcal markers 

did not exceed 12 Hz. 

2.4.4 Data Smoothing 

Similar to 16mm film, raw video data usually contains error arising 

frcm systematic and random sources. The potential scsurces of error 

include: misalignment of the camera, perspective error due to notion 

out of the photographic plane, movement of the camera, distortion due 

to the optical system of the camera, movement of anatomdcal markers in 

relation to the joint axes of rotation, precision limits in the 

digitization process, inaccurate tenporal and spatial scales, and 

deteradning the cent:re of the anatomdcal markers (Wood, 1982). 
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The derivatives of the displacement data are required to ascertain 

velcxjity and acceleration data. Numerical differentiation acts as a 

h i ^ pass filter and amplifies the errors vAiich can oxour with 

relatively h i ^ frequency (Lanshamnar, 1982). This has been 

demonstrated to significantly affect the accuracy of the results. 

Data smoothing is required to eliminate the errors that occur in the 

hi^er order derivatives. To reduce or smooth out the errors that 

occur in the higher devivatives a digital filter may be used (Hubley 

and Wells, 1983; Bobbert et al., 1986; Bobbert and Ingen Schenan, 

1988). Tlie Peak system includes a low-pass, fourth order, zero lag 

Butterworth digital filter with manual cut-off frequency selection. 

This type of filter is simdlar to that advocated by Winter, Sidwall 

and Hc>bson (1974). 
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CHAPTER 3 

MEIHODS 

3.1 Subjects 

The anputee subjects were male, young, and regularly engaged in 

sporting and/or recreational activities. They î esponded to requests 

for research participants placed witii several organisations including 

Anputees Association of Victoria, prosthetics department of ho5spitals. 

Department of Sport and Recreation (Disabled), and health and fitness 

centres. The normal subjects were selected for being comparable (x± 

ISD) in age, tody mass, hei^t and participation in sporting and/or 

recreational activities. 

Subjects were screened for medical contra-indications, previous 

training on isokinetic exercise equipment and vertical jump 

ejperienoe. Voluntary and informed consent in accordance with F.I.T. 

guidelines on research with humans was secured from all subjects prior 

to their participation in this study (i^pendix 1). Two testing 

sessions for each subject were recjuired to collect the data. The 

subjects r^orted to the Department of Riysical Education and 

Recreation at F.I.T. One session involved the determination of peak 

isokinetic knee extension and ankle plantar flexion torques. The 

other session involved the collection of anthropometric data and 

measurements of CMJ and SJ performance. The sequence of the testing 

sessions was randomdzed between subjects. 
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3.2 Anthropometric Measurements 

Anthropometric data were collected to describe the physical 

characteristics of the subjects and to estimate the segment inertial 

properties of the residual limib of the amputee subjects. The 

circumference measurenents were taken perpendicular to the long axis 

of tiie resicJual limb in a tiransverse plane. Equipment used to measure 

hei^t, circumference and length was accurat:e to 1mm and the values 

were read to the nearest mm. For all measurements the mean of the two 

recorded trials were calculated. 

Hei^t: The subject stood barefoot witii the heels together (anputees 

wore prostheses) and back against a wall v*iich was equipped with a 

stadiometer. The arms were placed in an akimbo pxasition and the 

subject was instructed to inhale. A sliding wedge plate was placed on 

the subject's head vAiich formed a ri<^t angle with the stadiometer and 

indicated the hei^t. The subject then flexed at the knee/s and 

stuped away. The value was read and recorded. 

Body mass: A plastic seat with a metal frame was placed on and tared 

on a Sauter E1200 electronic scale with a sensitivity of 0.005kg. The 

subject was dressed as for the vertical junp (section 3.4), sat 

motionless and respirated at their usual rate. Once the digital 

display stabilized, the bcxiy mass was read and recorded. 

Knee circumference: The below-knee anputee was seated with the knee 

in full extension and a Dean fibreglass tape measure was placed at the 

ndd-patellar level. 
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Thi^ circumference: The above-knee amputee stood vMle the Dean 

fibreglass tape measure was placed at tiie inferior edge of the gluteal 

crease. 

Distal resicJual limb circumference: The amputee was seat:ed with the 

knee in full extension (for below-knee amputees) vAiile the Dean 

f ibreglass tape measure was plaĉ ed at the distal section of the 

resicJual limib. 

Residual limb length: One arm of a Holtain anthrqpometer was placed 

at the greater femoral trochanter (for above-knee anputees) or lateral 

^icondyle (for belcw-knee anputees) and the other arm was positioned 

at the most distal point of the residual limib. 

3.3 Determination of the Centre of Gravity Location 

The Icxation of the OGB was determdned ty the segmentation metiiod 

(Braune and Fischer, 1889 as cited ty Williams and Lissner, 1962) from 

single frames of the videotape. The normal subjects were represented 

by a model composed of 14 rigid segments: head, trunk, ipper arms, 

forearms, hands, thighs, lower legs and feet (Clauser, McClDnville, and 

Young, 1969). The model for the above-knee and below knee amputees 

comprised of 12 and 13 segments respectively. 

Adhesive reflective markers were placed on the skin or attire over 

anatomdcal landmarks as described in Table 10. These landmarks were 

located by palpating bony promdnances as the body segments underwent 

various joint notions to facilitate structural recognition. A marker 

was placed at the end of the residual linb of the aitputees. 
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Table 10. Boxty segments as identified by the anatomdcal landmarks 

Head (including neck): Pftex of the head to the seventh cervical 

vertebra. 

Trunk: Glenoiiumeral axis to the greater femoral trochanter. 

Upper arms: Glenohuneral axis to elbow axis. 

Forearm: Elbow axis to wrist (ulnar styloid). 

Hand: Wrist axis to knuckle II of the middle finger. 

Thi^: Greater femoral trochanter to the lateral femoral ̂ iconctyle. 

Lower leg: Lateral femoral epicondyle to the lat:eral malleolus of the 

fibula. 

Foot: Lateral malleolus of the fibula to head metatarsal II. 

Ad^ted from Plagenheof, Evans, and Abdelnour, 1983. 

The Icxation of the OGB of tiie normal subjects was computed using the 

relative segmental masses and locations of the segment centre of 

gravity generated by Plagenheof et al. (1983). They used water 

displacement data oabtained on living subjects (35 men and 100 women) 
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and cadaver density data from Dempster (1955) to calculate gender 

specific segmental masses as percentages of the total bcxty mass 

(^pendix 2). The Icxation of the segment centre of gravity was 

expressed as a percentage of the segment length from the proximal end 

(i^pendix 3). 

Plagenheof et al. (1983) identified the inherent errors in the use of 

these anatomdcal data: soft tissue movement, use of a single point to 

r^resent the joint axis, inaccuracy of Icxating that point frcmi 

superficial landmar!ks, emission of motion in the extremities about the 

long axis, and variability betrween cadaver and living human data. 

For the anputee subjects, tiie relative segmental masses were 

calculated as follows: 

relative segmental /relative segmental (Plagenheof et al., 1983)j 
mass of anputee ^ Imass / 

/lOO - relative mass of U/relative mass of j 
\ndssing segnents / \residual limb / 

The gecxnetirical model by Hanavan (1964) was used to calculate the 

volume and position of the centre of gravity of the residual limb of 

the anputee subjects. The model assumed the limb to have constant 

density and be the shape of a t:runcated cone. Density data from 

Dempster (1955) (thi^ = l.OSkg.l"^, lower leg = 1.09kg.l-^) 

along with the volume calculated from the Hanavan (1964) model were 

used to calculate the mass of the residual limb. The segmental mass 

was the product of the volume and segmental density. 

file:///ndssing
file:///residual
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Figure 8. Hanavan model used to calculate the volume and locatiosn 

of the centre of gravity of the residual limib of the 

amputee subjects. 

IRL 

V = (J) (IRL) (Î +̂2Î >Rd+Rd2) 

•4lL 9 -) 
CGRL = { /4\ (Rp̂ 2RpRd̂ -3Rd'̂ ) 

(Rp2+Î iI?dfRd2) 

Where V = volume of the residual linib 

CGRL = location of the centire of gravity of the residual limib 

I ^ = residual limb length 

Rp = radius at proximal point 

I^ = radius at distal point 

Adapted from Hanavan (1964). 
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The CC3?L was relative to the proximal point which was the gluteal fold 

for above-knee amputees and the centre of the patella for below-knee 

amputees. The radii were estimated frcmi the circumferences measured 

assuming a circular cross section at the point at vAiich the circle was 

measured. 

3.4 Countermovement and Static Jumps 

Standardized instructions were given to each subject. The subjects 

warned ip by either cycling at a moderatie intensity for five minutes 

on a stationary Mbnark bicycle or hopped vdien cycling was not possible 

(for some anputee subjects). To stretch the dominant lower extremity, 

prone knee extensors stretch and standing plantar flexors stretch were 

performed trwice for 20s. Leg domdnance of the normal subjects was 

determdned from kicking preference (Wyatt and Edwards, 1981). The 

normal subjects were requestred to kick a tall vdiich was rolled to them 

from a distance of four metres. The intact leg of the amputee 

subjects was deemed dcaminant. 

Subjects were dressed in skin ti^t bicycle shorts and a swimming 

cap. Adhesive reflective markers (2.5cm2) were placed on: the top 

of the swimming cap (apex of the head), the bicycle shorts over the 

greater femoral t:rox±ianter, lateral a^ect of the fifth phalange of 

the domiinant leg in line with the head of metatarsal II, and on the 

skin over the other anatomdcal landmarks. The anputees performed 

without their prosthesis. 
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Subjects performed maximal voluntary one-legged CMJs and SJs on a AMIT 

aR651 force platform interfaced to an IPEX cxxiputer v*iich sampled data 

at a rate of 200Hz. The platform was unnounted but since the subjects 

performed vertical jumps, shearing forces were held to a minimum and 

the platform was stabilized in the direction of interest. 

The vertical component of the ground reaction force was recorded and 

used to confirm that no count:ermovement oxourred during the SJ 

tricds. Practice trials were allowed for each junping condition. The 

subjects were allowed to choose the starting position in SJs, no 

constraint was placed on the angle of knee or hip flexion. 

The subject was asked to position himself on the centre of the force 

platform (v*ien necessary, anputee subjects balanced by placing their 

hand against a nearby wall). A verbal signal of "junp" was given as 

the ejperinenter activated the measurement system via the ke^^xard. 

This signal infomed the subject to immediately initiate the junp. 

Junps were performed in a randomdzed sequence with a rest period of 

four minutes between junps to reduce possible effects of fatigue. 

Subjects were instructed to attain the hi^est possible junping 

hei^t. The contralateral leg was held inactive and the arms were in 

an akimibo position. Three trials for each junping conditions were 

recorded on videotape. The hi^est junp for each condition was 

determdned from inspection of tiie air borne phase of the ground 

reaort:ion force - tine grajAi. 
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3.5 Video Taping 

Vertical junp performance was calo:ulated from kinematic data captured 

ty the Peak system instead of the kinetic data generated by the force 

platform. The video taping prcxaedure set out by the manufacturer was 

followed (Peak User's Reference Manual, 1989). Mary of these 

guidelines were identical to 16mm film analysis as described ty Miller 

and Nelson (1973). 

SijTce each video camera has a unique hei^t-to-width ratio of pixel 

positioning, the aspect ratio for the camera was computed prior to 

data analysis. This ensured constant scaling between vertical and 

horizontal px3sitions on the monitor (Peak User's Reference Manual, 

1989). 

A Panasonic S-VHS AG450 video camera was secured to a stable tiripxxi 

and positioned as far from the subject as possible (7.3m) to minimize 

the effect of perspective error. The centre of the camera lens was 

l.OQm above the ground. The optical axis of the camera was aligred 

perpendicularly to the sagittal plane of the notion. 

The camera was levelled with a bubble level along the optical axis as 

well as laterally. The camera was also sifted on the centre of the 

action. The zoom lens was used to enlarge the image size aixi reduce 

the field of view. The background was plain and devoid of ary shiny 

surfaces. Two laneteam 800 Watt lamps were placed adjacent to the 

camera parallel to the optical axis and were used to illuminate the 

subject. 
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required the operator to define the centre of mass location for each 

segment of the model via proximal and distal landmark identification, 

centre of mass location from the proximal point and percentage of the 

total toc^ mass characterized by the segment. This permitted the 

computation of the position of the CGB for each frame. Bilateral 

symmetry was assumed for the position of the ipper extremities 

(̂ p̂endix 4 is an exanple of a Spatial Model Set l^). 

The Project Set Up program was used to define the specific parameters 

that were unique to each separate video taping session. These files 

contained the name of a previously defined spatial model, 

identification of the camera (identifying its aspect ratio), picture 

rate, number of pictures per field, number of pictures to skip vAien 

digitizing, number of reference point:s to digitize, scaling factor, 

unit of length, and the event frames. 

The scaling factor was determdned by the system's software once the 

scaling rod was digitized from the video tape. An event frame was a 

special flag that was stored to identify a frame in vMch an important 

event occurred sucii as take-off during the vertical junps (an exanple 

of a Project Set l^ is provided in i^pendix 5). 

The Data Capture program coordinated the Peak system's video control 

and frame grabbing hardware and facilitated the digitization process. 

The first frame for analysis was selected by the operator and imported 

into computer memory. This method permitted image processing 

technicjues to ̂ lit the imported frame and reconstruct it as two 

s^arate pictures thereby doubling the number of pictures to 50Hz. 
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The video camera was activated three minutes before the first trial. 

To permit the conversion of video image iteasurement:s to real distances 

a ri^t angle scaling rod of known dimensions (1.00 x l.OQm) with 

contrasting segnents (black and viiite) of 0.20m was positioned in the 

plane of motion at the contact point of the subject and the force 

platform. This was videotaped before the subject trials. The video 

camera operated at 25 frames.s and the shutter was set at 

1/lOOOs. To avoid disturbing the camera, a remote control was used. 

The motion was captured on Panasonic S-VHS 675 h i ^ resolution video 

cassettes. 

3.6 Digitization 

The Peak system was used to digitize the vertical junps and perform 

the data calculations (Peak User's Reference Manual, 1989). To 

digitize the previous recorded vertical junps, the video tape was 

first "encoded". During the encoding process, t±ie system recorded a 

unique frame number on the second audio tirack beside each video 

frame. This allowed the Peak software to locate the exact frame 

required to be digitized. 

The Peak system's software was menu driven and required the creation 

of four file types by the operator: Spatial Mode, Project, Trial, and 

Data files. 

The Spatial Model Set Up program created a file containing the Spatial 

model name, number of tody points in the model, label for each point, 

and the manner in v^ch the points were connected. This program also 



83 

After the frame was graiied, split, and enhanced, a stable clear image 

was presented to the operator for digitization. A three button mouse 

was used to px5sition the crxoss hair on the desired booty points and 

then manually digitized. The computer prompted the cperator v*iioh 

point to select next. The coordinates of the digitized points were 

autonatically stored in memory. 

CJnce the motion was digitized, the raw possition data were scaled and 

smoothed (cut-off frequency of 12Hz). The position of the CJGB was 

calculated and stored in the Conditioned Data Acquisition file. A 

print out of tiiese data were then obtained. 

3.7 Isokinetic Peak Torque Determination 

Maximal voluntary concentric isokinetic knee extensor and plantar 

flexor torque of the dominant leg were assessed using a Cybex II at an 

angular speed of 60 degree.s-^. 

3.7.1 Cyipex Calibration 

The otynamcmeter was calibrated immediately before each testing session 

in accordance with instructions provided by the manufacturer (Cybex, 

1983). Cybex certified calibration disc wei^ts were placed on a 

lever arm of known length and allowed to fall from the vertical 

position throu^ a 180 degree arc of motion at 30 degrees.s- . This 

was performed for all three torque range scales. 
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The peak torque was noted and if necessary, appropriate corrections 

were made by adjusting tiie potentiometer. Since the pressure 

transducer and force measuring lead cell inside the ctynamoneter 

operated indepjendently of the speed control mechanism, calibration at 

one ̂ eed (30 degrees.s ) was all that was required to ensure 

accurate torque readings at all test speeds (Ĉ iDex, 1983). 

3.7.2 Protocol 

Subjects were provided with an ejplanation of isokinetic exercise and 

a descaription of the tiesting procedures. Instructions were given to 

each subject in the same manner. The warm ip was identical to that 

for the vertical junps. 

Before testing, the subjects were permitted three submaximal and three 

maximal nonreciprocal practice trials at 60 degrees.s -̂  for each 

joint to allow tiie muscles to warm ip and to familiarize the subjects 

with the equipment and e>perimnental procedure. This protocol has been 

found to yield reproducible Ci*ex II data (Jodinson and Siegel, 1978). 

Following a rest period of two minutes, each subject performed three 

nonreciprocal contractions with 30s rest period between trials. 

Studies that have obtained reliable measurements have used 

nonreciproxal contractions (Johnson and Siegel, 1978; Mawdsley and 

Knapik, 1982). Each trial was preceded by a verbal signal to initiate 

a response. The subjects were instructed to kick (for knee extensors) 

or press (for plantar flexors) as hard aixi as fast as possible for the 

entire RCM. Verbal encouragement was provided to elicit a maximal 

effort. Knowledge of results was not provided until the subject had 

completed the entire protocol. 
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To diminish the variability that may have resulted from learning or 

fatigue, a randomized testing sequence of joints was enployed. 

Between the testing of different joints, there was a five minute 

rest. Each effort was recorded on the Cybex II dual-channel recorder 

at a chart speed of 25ram.s and a damp setting of zero. The 

hi^est torque value recorded within the RCM was designated the peak 

torque. The hi^est of tiiese three peak torque levels was selected as 

the representative value. 

3.7.3 Gravity Correction 

Once the test t:rials were completed several passive cJrcps of the 

linib-lever syst:em were performed for the knee extensors. The angular 

speed was set at 30 degrees.s--*- and the lijtib-lever system was 

initially sipported by the esperimenter in full ext:ension. The 

subject was instiructed to completely relax the extremity vMch was 

then released by the experimenter and it fell passively against tiie 

resistance offered by the cJynamometer. The minimum passive torques 

from these curves were used to correct the measured torques for 

gravity (Nelson and Duncan, 1983). 

Pilot work revealed that a passive drop from full plantar flexion in 

the prone pxjsition was not possible. The initial motion was 

influenced by the elastic recoil of connective tissue of the ankle and 

the relative li(^t mass of the foot segment was insufficient to carry 

the linib-lever system to the neutral position. This also implied that 

the gravitational torque was not substantial. For these reasons, 

plantar flexion torques were not adjusted for gravity. 
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3.7.4 Stabilization and Positioning 

Subject positioning and stabilization were in accordance with the 

guidelines set out in the cybex II handbook (1980). The noving limb 

segments were aligned parallel to the lever arm of the ctynamometer. 

The axis of rotation of the joint and that of the dynamometer 

coincided. Limib segments were firmily strapped to the ciynamometer, 

S.H.D. table, or U.B.X.T. as appropriate. Straps were applied to 

provide stabilization for other body parts, so as to isolate the 

muscles being tested. 

3.7.5 Knee Extension 

The subject was dressed in Icose fitting clothing removed tiieir shoes 

and sat on the S.H.D. table with the back sipported and a thi^-trunk 

angle of approximately 100 degrees. Axis of rotation of the 

ctynanometer was aligned witii the lateral femoral ̂ icondyle. 

Stabilization straps were used across proximal and distal thi^, and 

chest (anchoring the subject to the back rest). The shin pad was 

positioned with its bottcam edge level with the superior border of the 

medial malleolus. Full extension was designated as the zero degree 

pojsition. The subjects crossed their arms over their chest and began 

from approximately 90 degrees of knee flexion and went to full 

extension. A stabilization wei^t was pxasitioned onto the base of the 

cJynaitKameter prior to each test to minimize any movement of this unit 

during knee extension. The torque range scale was set at either 180 

or 360 ft.lb. (244 or 488 Nm) depending on the torque value 

registered during the warm ip trials. The angle range was set at 150 

degrees. 
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3.7.6 Ankle Plantar Flexion 

The subject adopted a prone pxisition an the U.B.X.T. and their fcx>t 

was strapped onto the foot plate. Velcro straps stabilized the thi^ 

and pelvis. The subject was instructed to k e ^ the knee of the test 

liitib in full extension throo^iout the movement. The contralateral leg 

remained strai^t and the hands grasped the sides of tiie U.B.X.T. The 

test ccatnnenced from maximum dorsiflexion. The torque range scale was 

set at 180 ft.lb. (244 Nm) and the angle range at 150 degrees. 

3.8 Statistical Analysis of Data 

Comparisons were made within and between the data from the amputee 

subjects and the data from normal subjects. Means and standard 

deviations of the descriptive data, peak isokinetic torques, and 

one-legged vertical junp performances were calculated. A one-tailed 

paired t-test was used to assess tiie difference between CMJ and SJ 

performance for the amputee and for normal subjects. 

Having satisfied Cochran's test for homogeneity of variance, 

multivariate ANOVA was used to perform main effect analysis between 

tiiese two multivariate groips. Pearson Product Moment coinirelation 

coefficients and their significance levels were eilso generated to 

observe the asscx:iation between the variables within each group. The 

Statistical Analysis System (SAS/STAT, 1988) was used to analyse the 

data. 
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CHAPTER 4 

RESULTS 

The desc r ip t ive data of t h e amputee and normal subjects a re presented 

in Tables 11 and 12. Foar amputee subjects pa r t i c ipa t ed in the 

stucty. The domiinant (non-amputated) leg for a l l amputees was the 

l e f t . Since t h e normal subjects were se lec ted on t±ie ba s i s t h a t t i i e i r 

age, h e i ^ t , and tody mass f e l l i n t h e range of t h e x±lSD of t h e 

amputee subjec ts , these values were comparable. All normal subjects 

had a r i ^ t domiinant l eg . 

Table 11 . Age, h e i ^ t , bocty mass, and domiinant leg of anputee 

sub jec t s . 

Subject Age 
(years) 

H e i ^ t 
(cm) 

Box3y mass Dominant leg 
(kg) 

Al 35.1 179.2 71.075 Left 

A2 28.3 182.8 89.020 Left 

A3 26.3 179.2 75.320 Left 

A4 36.3 177.4 69.830 Left 

X+SD 31.5f4.9 179.7+2.3 76.4+8.9 
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Table 12. Age, h e i ^ t , body mass, and domiinant leg of normal subjects . 

Subject Age H e i ^ t BoxSy mass Domiinant leg 
(years) (cm) (kg) 

Nl 27.4 181.6 82.825 R i ^ t 

N2 32.3 177.6 74.410 R i ^ t 

N3 28.5 179.7 71.685 R i ^ t 

N4 36.4 177.9 79.550 R i ^ t 

X+SD 3 1 . 1 + 4 . 1 179.2+1.8 77.1+5.0 

Table 13 i l l u s t r a t e s t h e c h a r a c t e r i s t i c s of the amputee subjec ts . The 

amputee groip comprised of the two above-knee and two below-knee 

amputees. The time from amputation t o pa r t i c ipa t i on in t h i s study 

ranged from 2.3 t o 23.3 years with a mean of 11.0 years . The 

calculated stunp cinthrqpometrics required for t h e determination of the 

locat ion of the OGB a re depicted in Table 14. 
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Table 13. Characteristics of anputee subjects. 

Subject 

Anputation l eve l 

Time from anputat ion 
to t e s t (years) 

Distal stunp 
circumference (cm) 

Proximal stunp 
circumference (cm) 

Stunp length (cm) 

Al 

Above-knee 

16.1 

39.0 

59.5 

19.8 

A2 

Above-knee 

2.3 

40.3 

57.2 

32.3 

A3 

Below-knee 

2.4 

23.6 

36.1 

19.5 

A4 

Below-knee 

23.3 

25.5 

34.5 

7.6 

Table 14. Calculated stunp anthropometrics. 

Subject 

Distal stump 
radius (cm) 

Proximal stump 
radius (cm) 

Stunp volume (m"̂ ) 

Stunp centre of mass 
Icxation 

Stunp mass (kg) 

Relative stunp 
mass (%) 

Proximal (cm) 
% Proximal 
d is tance 

Al 

6.2 

9.4 

3.88 

8.6 
43.2 

4.07 

5.73 

A2 

9 . 1 

6.4 

6.15 

14.3 
44.3 

6.45 

7.22 

A3 

3 .8 

5 .8 

1.41 

8.4 
43.1 

1.48 

1.96 

A4 

4 . 1 

5 .5 

0.55 

3.4 
45.0 

0.60 

0.86 

The hi^est isokinetic torque value of the three trials at 60 

degress.s--*- for knee extension and ankle plantar flexion for each 

subject was recorded. The peak isokinetic knee extensor torque for the 

amputee subjects ranged from 164 to 207 Nm with a mean of 190 + 19 Nm 
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(Table 15). The peak ankle plantar flesror torque ranged from 73 to 114 

Nn with a mean of 84 + 20 Nm. These values did not sigrdficantly 

(pKO.05) differ from those of the normal subjects (Table 16). 

For the normal subjects, the mean peak isokinetic knee extensor torque 

was 199 ± 15 Nm and ranged from 188 to 220 Nm. The peak ankle plantar 

flexor torque ranged from 103 to 146 Nm with a mean of 115 + 21 Nm. 

Table 15. Peak isokinetic knee extensor and ankle plantar flexor 

torques of amputee subjects. 

Subject 

Al 

A2 

A3 

A4 

X±SD 

Knee extensor 
(Nm) 

201 

207 

186 

164 

190±19 

torque Ankle plantar flexor torque 
(Nm) 

77 

114 

73 

73 

84±20 

Table 16. Peak isokinetic knee extensor and ankle plantar flexor 
torques of normal subjects. 

Subject 

Nl 

N2 

N3 

N4 

X+SD 

Kiee extensor 
(Nm) 

188 

191 

195 

220 

199+15 

torque Ankle flexor torque 
(Nm) 

108 

103 

104 

146 

115121 
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Table 17 d i sp lays t h e one-legged CMJ and SJ performance of t±ie amputee 

subjec ts . The h i ^ e s t junp of the t i i ree t r i a l s for each condit ion was 

recorded. Ver t i ca l junp performance for CMJs ranged from 10.7 t o 15.3 

cm with a mean of 13.1 l 1.9 cm. For t h e SJs , t h e range was 10.2 t o 

12.2 cm with a mean of 10.6 ± 1 . 1 cm. There was a s ign i f i can t (p<0.05) 

difference between t h e two junps. CMJ performance was on the average 

2.5 cm g rea t e r than SJ performance. 

Table 17. One-legged v e r t i c a l jump performance of amputee subjec ts . 

Subject CMJ SJ 
(cm) (cm) 

Al 15.3 10.5 

A2 10.7 9.5 

A3 13.4 12.2 

A4 12.9 10.2 

X±SD 13.1+1.9 10.6+1.1 

No statistical (p<0.05) difference was found between the performance of 

the two junps for the normal subjects (Table 18). The hei^t attained 

in the CMJs ranged from 10.9 to 17.1 cm with a mean of 14.6 + 2.6 cm. 

For the SJ condition, the mean was 11.1 + 0.05 cm and ranged from 10.3 

to 11.8 cm. 
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Table 18. One-legged v e r t i c a l junp performance of normal subjects . 

Subject CMJ SJ 
(cm) (cm) 

Nl 15.5 11.5 

N2 10.9 11.8 

N3 1 7 . 1 10.3 

N4 14.9 10.7 

X+SD 14.6+2.6 11.1+0.5 

Althoo^ the normal subjects displayed a greater mean performance in 

one-legged CMJs and SJs than the amputee subjects, the difference was 

nonsignificant (pK0.05). Table 19 provides a summary of the 

multivariate ANOVA for the variables. 

Table 19. Multivariate ANOVA summary for the variables. 

Variable Groip x SD F-ratio Pr > F 

Kee (Nm) Anputee 190 19 0.56 0.4833 
Normal 199 15 

Ankle (Nm) Anputee 84 20 4.68 0.0738 
Normal 115 21 

CMJ (cm) Anputee 13.1 1.9 0.88 0.3834 
Normal 14.6 2.6 

SJ (cm) Anputee 10.6 1.1 0.50 0.5050 
Normal 11.1 0.5 

Pr > F = probability of exceeding the F-ratio. 
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The correlation coefficient between peak isokinetic torques and 

one-legged junp performances for amputee and normal subjects are 

presented in Table 20 and 21 respectively. The only sigrdficant 

(p<0.05) correlation found was between the peak isokinetic knee 

extensor torques and peak isokinetic ankle plantar flexor torques for 

the normal subjects (r = 0.961). 

Table 20. Ooixelations betiween peak isokinetic torques and one-legged 

jump performance for anputee subjects. 

Ankle CMJ SJ 

¥hee 0.667 

Ankle 

CMJ 

0.116 

0.783 

0.240 

0.664 

0.458 

Table 21. Correlations between peak isokinetic torques and one-legged 

junp performance for normal subjects. 

Ankle CMJ SJ 

Kiee 0.961* 

Ankle 

CMJ 

0.138 

0.122 

0.501 

0.344 

0.792 

* significant at pK0.05 level of confidence. 
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CHAPTER 5 

DISCUSSIC^ 

Anputee subject recruitment was found to be a difficulty. The 

impression received by the author was that tiiere were a number of suitable 

amputees in the general population but they were reluctant to take part in 

the stu(^. It is possible that these individuals after having ejperienced 

trauma and being fitted with piostheses did not weloxate any more testing. 

Some of the organisations contacted also appeared hesitant to assist in 

recruiting subjects, stating that the amputees had committed their tine to 

other studies. For this investigation, four lower extremity anputees 

consented to serve as research participants. 

The mean peak isokinetic torques for knee extension and ankle plantar 

flexion of the normal subjects were 9 Nm (5%) and 31 Nm (37%) greater than 

thcjse of the anputee subjects. The differences were not significant 

(p<0.05). This sipports the hypothesis that there would not be a 

statistically significant differenc^e between the peak isokinetic torques. 

With a small sample size, a large difference is required to establish 

statistical difference. Perhaps with larger groups a significant 

difference may be found for peak isokinetic torques. 

The mean peak isokinetic plantar flexor torques for both the anputee 

(84 ± 20 Nm) airl normal (115 ± 21 Nm) subjects at 60 degrees.s-^ were 

lower than the values previcsusly reported for non-aitputee individuals. 

Fugl-ifeyer (1981) assessed the dominant linb of 15 male athletes at 30, 

1 -1 
60, 120, and 180 degrees.s"-^. The mean peak torque at 60 degrees.s 
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was 145 + 24 Nm. A reason for this may be found in the variatio»i in 

subject positioning. Fugl-Meyer (1981) assessed the subjects in a supine 

position. While in tiie present stody, the action was performed in a prone 

position. Since the knee was in full extension and the RCM was similar 

(maximum dorsiflexion to maximum plantar flexion) for both studies, the 

muscle length-tension relationship was unlikely to have contributed to the 

difference. 

The mean peak isokinetic knee extensor torques for the anputee (190 + 

19 Nm) and normal (199 + 15 Nm) subjects at 60 degrees.s--*- were 

comparable to the value (191 + 35 Nm) obtained by Poulmedis (1985) for 18 

elite male soxxer players at 90 degrees.s. The soccer players were 

not assessed at 60 degrees.s--^ but it could be argued that they would 

have generated greater values than the subjects in the present stu(^. 

This is based on the fact that they generated the hi^est torque (249 ± 29 

Mm) at the lowest test speed of 30 degrees.s"-'-. This would suggest that 

they would follow the torque-velocity relationship established by others 

(Moffroid et al., 1969; Thorstensson et al., 1976; Barnes, 1980; Yates and 

Kamon, 1983), that is, as the speed of isokinetic testing decreases, peak 

concentric torque values tend to increase. Cue to the nature of the 

sport, elite soccer players engage in intense sprinting and kicking bouts 

vhich are likely to enhance knee extensor strength. 

The anputees in this stxjidy generated greater mean peak isokinetic knee 

extensor torques than the anputees in Renstrom's (1981) group. Renstrom 

neasured the torques of 24 male below-knee anputees. At 60 

degrees.s"-'-, the mean value was 140 + 12 Nm. The subjects had a mean 
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e ^ of 61 + 18 years and mean tine from anputation to testing was 2.3 + 

1.8 years. The subjects in the present sttK^ were ycxinger (31.5 + 4.9 

years) and had teen anputees for a longer period of time (11 + 10 years). 

It is believed that tiiese t̂tra points largely account for the siperior peak 

knee extensor torques of the present groip. 

The amputees in the present study did not otemonstrate significant 

differences in peak knee extensor nor ankle plantar flexor torques vdien 

compared to the normal subjects. Peak isokinetic torque may serve as a 

reflection of strength. Strength is an important factor in many sporting 

actions. 

All of the anputee subjects junped hi^ier in the CMJ condition than tiie 

SJ. The mean difference was 2.5 cm (24%) and significant at pK0.05. The 

mean difference for the normal subjects of 3.5 cm (32%) was not 

statistically significant. There are seme factors vAiich could account for 

this lack of statistical significance: one of the normal subjects 

attaining a greater junp performance in the SJ than the CMJ vAiioh 

contradicts previous findings, and the sample size being small. 

The greatier mean enhancement of junp performance after incorporating a 

countermovement for the normal subjects suggestis a hi^er net contribution 

of the mechanisms activated v̂ ien the muscles are prestretched. One 

nechanism is the utilization of stored elastic energy (Asmussen and 

Bonde-Peterson, 1974). When an active muscle is forced to stretch it 

stores elastic energy vlhidh can be partially recovered during the 
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diortening phase. The stretching of active muscles prior to shortening 

occurs in a vertical junp by incorporating a countemovement. This 

oountermovement with r^id flexion at the lower extremity joints places 

the extensors on stretxh. Greater work done by the contractile ccxtponent 

is cdso believed to cxxur vAien tiie muscles are prestretched. Cavagna et 

al. (1968) found that a muscle both in vitro and in vivo, viiioh shortened 

immediately after being stzretxhed performed greater work than the sane 

muscle if it shortened from a state of isometric oont:raction, with the 

speed, the length, and extent of shortening being constant. Anotiier 

mechanism pxDstulated to be activated v*ien the muscles are prestretched is 

stretch reflex potentiation (Bosco and Kcmd, 1979a). Prochazka et al. 

(1977) demonstrated that a fast stiretxh of an active muscle caused 

substantial stretch reflex potentiation via af ferents from the muscle 

^indies resulting in an increased frequency of motor unit discharge. 

Most of the normal subjects (three out of four) junped hi^er in the 

CMJ than the SJ. This finding is in agreement with those for two-legged 

vertical junps reported in the literature. Asraussen and Bonde-Peterson 

(1974) found a significant (pKO.02) mean difference of 2om (5%) between 

the SJ (36.6 cm) and CMJ (38.6 cm) performance of 14 male and five female 

subjects. A greater mean difference of 5.7 cm (16%) was found by Bosco 

and Komi (1979b). Thirty-four male physical education students attained a 

mean CMJ performance of 41.6 cm compared with 35.9 cm for the SJ. In a 

study with a larger sample size, Bosco and Kami (1980) assessed a total of 

226 subjects (113 males and 113 females) ranging in age from 4 to 73 

years. The subjects were divided into age groips. All groips attained a 

hi^er rise of the CGB in the CMJs viien compared to the SJs. The 

improvement in performance ranged from 10 to 20% for the male groips and 

12 to 23% for the female groips. 
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There are other studies (Komd and Bosco, 1978; Bosco et al., 1981) 

vAiich demonstrated a greater mean performance of CMJs over SJs but the 

junping conditions (present knee joint angle) differed from those of the 

present investigation. The conditions in the three studies quoted above 

c^raximnated tiiose in the present investigation. To eliminate arm swing 

in this investigation as well as others, the arms were positioned in an 

akimibo position. There was no constraint on movement anplitude about the 

knee joint for SJs or CMJs. One difference between the t:wo studies was 

that vertical performance was calculated from the fli^t time neasured 

from the vertical ground reaction force trace. As previously stated, this 

method of calculation as compared to cinematograjAiic technicjue has been 

shown to produce a difference of + 2% (Kami and Bosco, 1978). 

Some difficulty was e>qerienced during the determination of the stunp 

anthropanetrics. The Hanavan (1964) model was used to calculate volume 

and position of the centre of gravity of the residual limb of the amputee 

subjects assumed the limb to have constant density and be the shape of a 

truncated cone. The calculations required a distal stunp circumference 

vhich was difficult to determine since the stump end was generally dome 

sh^ed. Stunp volume in future studies nay be better measured by water 

volunetry techniques. 

The mean score for one-legged CMJ performance of ten well trained male 

volle^aall players was found to be 31 cm (Soest et al., 1985). This is 

more than twice the mean CMJ performance of the dominant leg of the 

anputee (13.1 cm) and normal (14.6 cm) subjects of present investigation. 

Admittedly, the amputee and normal subjects were not skilled junpers but 
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the vol le i^a l l players performed tiie one-legged junps with the i r l e f t 

leg. Anthrcpometric measures suggested that the l e f t leg was not l ikely 

to have been domiinant. Part of t h i s large difference may be attr ibuted to 

the definitioMi and calculation of junping h e i ^ t of the volleiioall 

players. Junping h e i ^ t was defined as the ver t ical distance between the 

hi^iest pxjsition of the greater femoral tiroohanter landmark and of t h i s 

landmark v*ien the subject was standing erect . I t i s assumed by t h i s 

author that "standing erect" signified tha t the heel was in contact with 

the ground. In the present investigation, junping h e i ^ t was defined as 

the h e i ^ t attained by the CGB from the instant the metatarsal heads of 

the foxjt los t contact with the force platform to the apex of the junp. 

Had the junp h e i ^ t of the volleyball players been measure frcm take-off 

and not from standing with heel contact, the recorded junp h e i ^ t would 

have teen considerably l ess . 

In the present study, a l t hou^ the normal subjects achieved a greater 

height during CMJs and SJs than the amputee subjects, the difference was 

not found to be significant. This i s sipport for t±ie hypothesis that 

performance in one-legged ver t ica l junps would not significantly differ 

between amputee and normal subjects. This should be encouraging for 

anputees since one-legged junps and take-offs are performed in a th le t ic 

act ivi t ies in which uni lateral lower extremity amputees part icipate, suchi 

as the h i ^ junp and swimming s t a r t s . 

Consistent with previous findings (Perrine e t a l . , 1978; C^enuaro and 

Dolgener, 1980; Ctoerg 1988), t h i s investigation found low to moderate 

correlations (r=0.116 to 0.783) between peak isokinetic torques and 

vertical junp performance for toth the anputee and normal subjects. No 
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correlation was found to be significant. This nay be explained by a 

number of factors. The vertical junp is a complex novement involving 

actions at many joints. The isokinetic torque values are for a single 

joint notion. The isokinetic speed was set at 60 degrees.s- vAiile the 

angulcur speed of the leg segments during vertical junping nay exceed the 

mayiTnal c;̂ Dex II speed setting of 300 ciegrees.s . Ingen Schenau et al. 

(1985) fojund the mean maximal angular velocity of plantar flexion of 12 

trained subjects during SJs to be 970 degrees.s"-^. Vertical junping 

also involves coordination: timing, sequencing and amplitude of the forces 

of the elastic and contractile components of the muscular system. 
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CHAPTER 6 

6.1 OONCmSIC^JS 

Ihe following conclusions were reached based on tiie findings of this 

investigation: 

1. The mean peak isokinetic knee extensor and ankle plantar flexor torques 

at 60 degrees.s--*- for the non-anputated leg of t±ie unilateral lower 

extremity aiiput:ees were less but not significantly different from thosse 

of the domiinant leg of tiie normal subjects. Since isokinetic torque is 

a reflection of stirength, the normal subjects did not have superior 

knee extensor or ankle plantar flexor strength. 

2. Consistent with the firxiings of two-legged vertical junps (Asmussen and 

Bonde-Pet:erson, 1974; Bosco and Komd, 1979b; Bosco and Kami, 1980), the 

anputee subjects attained a significantly higher mean rise of the 

centire of gravity of the body during one-legged countemovement junps 

oxxipared to static junps. The normal subjects also attained a hi^er 

mean rise of the centre of gravity of the bcx^ during one-legged 

countemovement junps compared to static junps but the difference was 

not significant. 

3. The normal subjects attained a hi^er mean rise of the centre of 

gravity of the bocty than the amputee subjects during one-legged 

countermovement and static junps but the differences were not 

significant. Compared to normal subjects, unilateral lower extremity 

amputee subjects would not be disadvantaged in their ability to perform 

standing one-legged juirps. 



103 

4. No significant correlations were found tetiween peak isokinetic knee 

extensor and ankle plantar torques at 60 cJegrees.s"-̂  and hei^t 

attained by the centre of gravity of the bocty during countemovement 

and static junps of the amputee and normal subjects. This 

substantiates the belief that many factors contribute to vertical junp 

performance. 

6.2 RECCMMENDATTONS 

1. Due to the limited number of subjects tested in this investigation, it 

is recommended that a study with a larger sample size be conducted. 

2. It is recommended that the findings of this investigation be made 

available so as to encourage unilateral lower extremity anputees and 

ojther individuals with disabilities to engaged in sporting and 

recreational activities. 
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APPENDIX 1: Subject Consent Form. 

FOOTSCRAY INSTITUTE OF TECHNOLOGY 

DEPARTMENT OF PHYSICAL EDUCATION & RECREATION 

STANDARD CONSENT FORM FOR SUBJECTS INVOLVED IN EXPERIMENTS 

1. CERTIFICATION BY SUBJECT 

I , 

o f 

certify that I have the legal ability to give valid consent and that I am 
voluntarily giving my consent to participate in the experiment entitled: 
It BIOMECHANICAL CHARACTERISTICS OF THE LOWER 

EXTREMITIES OF AMPUTEE VERSUS NORMAL SUBJECTS 

being conducted at Footscray Institute of Technology by: 
CON HRYSOMALLIS. 

I certify that the objectives of the experiment, together with any risks 
to me associated with the procedures listed hereunder to be carried out 
in the experiment, have been fully explained to me by: 

CON HRYSOMALLIS 

and that I freely consent to participation involving the use on me of these 
procedures. 

Procedures 

(i) PERFORM A SERIES OF MAXIMAL EFFORT ONE-LEGGED VERTICAL JUMPS ON A 

FORCE PLATFORM WHILE- BEING VIDEO TAPED. 

(ii) PERFORM MAXIMAL KNEE EXTENSION AND ANKLE PLANTAR FLEXION ON A 

'ISOKINETIC DYNAMOMETER. 

I certify that I have had the opportunity to have my questions answered 
and that I understand that I can withdraw from this experiment at any 
time and that this withdrawal will not jeopardise me anyway. 

Signed: ) 

Witness other than the experimenter ) Date 

CERTIFICATION 

T CON HRYSOMALLIS . , ., ^ -, . . 
J-1 nave fully explained 
the objectives, risks and procedures of the abovenamed experiment to the 
subject named herein. 
Signed Date 

NOTES: 1. Those signing this form are reminded that while research workers 
have a duty to advance knowledge by research, the rights of the 
individual subject take precedence over expected benefits to 
knowledge or to the community. 

2. The experimenter is reminded of the need to observe confidentiality, 
when appropriate, to protect the interests of subjects. 

3. Subjects who are employees of Footscray Institute of Technology should 
be advised that participation in the experiment does not affect in any 
way their entitlement or right to receive workers' compensation. 
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APPENDIX 2: Segmental Masses as Percentages of the Total Bocfy 

Mass for Males. 

Segment Percentage of total tody mass 

Hand 0.65 

Forearm 1.87 

l^per arm 3.25 

Foot 1.43 

Lower leg 4.75 

Thi^ 10.50 

Trunk 46.48 

Head arxi neck 8.26 

Plagenhoef et al.(1983). 
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APPENDIX 3: Segment C3entre of Gravity Location as a Percentage 

of the Segment Length from the Proximal End for Males. 

Segment Percentage of segment length 

Haixi 46.8 

Forearm 43.0 

Upper arm 43.6 

Fox3t 50.0 

Lower leg 43.4 

Thi^ 43.3 

Trunk 63.0 

Head and neck 55.0 

Plagenhoef et al.(1983). 
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APPENDIX 4: An Example of a Spatial Model Set X^. 

Name: 

# of P o i n t s : 

1 

2 

3 

4 

5 

6 

7 

8 

9 

10 

11 

12 

AMPAK 

12 

HEAD 

NECK 

SHOUIDER D 

EIBOW D 

WRIST D 

KNUCKIE D 

HIP D 

KNEE D 

ANKIE D 

TOE D 

HKET. D 

STUMP 

SEGMENTS P D 

HEAD+-NEC3C 2 1 

TRUNK 7 3 

THIGH D 7 8 

STUMP 7 12 

ICWER LEG D 8 9 

FOOT D 

UPPER ARMS 

FOREARMS 

HANDS 

9 10 

%Dist 

55 .0 

63 .0 

43 .3 

44 .3 

43.4 

50 .0 

43 .6 

43 .0 

46 .8 

%Mass 

9.28 

52.60 

11.79 

5.73 

5.33 

1.61 

7.30 

4 .20 

2 . 1 



129 

APPENDIX 5 



130 

APPENDIX 5: An Example of a Project Set Up. 

1 Project Name: AMPAKL 

2 Spatial Model Name: AMPAK 

3 Camera Used: 4 

4 Picture Rate: 50 

5 # of Pictures per Field 1 

6 Pictures skipped, (U) ser select: 0 

7 Number of Reference Pointzs: 1 

8 Scaling Factor: 138.0018 

9 Units of length: METRE 

10 Nuniber of Event Frames: 1 

SUPER VHS 


