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CHAPTER I

])F‘:V [_,l ()2‘ K

T OF THE PROBLEM

For years, advertisements for ankle weights heve
appearcd in various Sporting goods catalogues. Manufoo-
turers claim that the use of ankle weights provides coaches
with an easy method of conditioning athletes. Such an
advertisement appears in the Wolverine Sports Supply 1966
catalogue:

Vieights employ the basic principle of 'overload
trﬁLnlnm ce«o They develop the actual mascles used

in urwck, baseball, football, basubbball and other
sports by making Lhom work hcrd during warm up
prao»loc.o.o Improvc your athLoLos in less time and
get more out of svailabhle training periods. (2, p. 40)

Some coaches have used these weights extensively in
exercise brograms, either for pre~scoson condit tioning or in
rOfU7 ar training programs.

There is much controversy among physical educators
as -to the value of wesrable weights. The results of studies
reported by physical educators do not indicate that these

weights have significant value in d oping such varisbles

O

velo
as leg strength, jumping ability, speed, and endursnce. No
rescarch has been published by established manufecturers to
substontiate the claims for using snkle weights to improve
athletic training,

While there is no agreement as to their use in



athletic training, there is a further controversy as to the
effect of these weights on the performance of skills where
timing and coordination are prime factors; Most physical
educators feel that, while the wearing of the weights
supposedly increases strength, the performer will vary his
skill pattern to compensate for the additional weights.

Thus; the athlete will practice an altered pattern rather
than the desired sucessful pattern. The formulation of these
opinions are the result of observation; there is no actual
written research to substantiate these claims.

Since manufacturers continue to claim the value of
their products és effective methods of conditioning athletes;
and coaches and trainers continue to uée weights, research
was definitely needed to present objective results to indicate

the effect of ankle weights on the performance of skill

patterns.

Statement of the Problem

The purpose of this study waé to compare a volleyball
spike pattern performed without ankle weights with one

performed while wearing a 2.5 pound ankle weight on each

ankle.

Subproblems

The following subproblems were considered in this

study:



Selection of the subject.

o

.

Obtaining anatomical date of the subject.

N
e

Selection of a method of skill analysis,

Sw
e

. Collection of the data.

Analysis of the data.

1
e

Hypothesis

o0

The Following hypothesis was bascd upou complete
research in the area of study: Ankle weights will caus
alteration in the performance of a skill pattern; the slcdll

pattern under analys s being the volleybell spike.
Basic Assumptions

The following fundanmental essumptions were made by
the experimenter:

1. Plagenhoel's method of kinetic analysis (17, [
103) is a valid method of analyzing motion.

o, Ankle weights are uscd extensively throughout

i >

]

the United States in the training of athletes.

Definitions

o1

Since various terms used throughout the study are
cibhcw controversisl or unclear, definitions of words used
in this stvdy are needed.

Ankle weishts. Canves belt approximately one foot

in length, with pockets filled with fine lead shot. Worn



by wrapping around the ankle and securing with larsge pins.
Each weight weighs 2.5 pounds; each pair, a total of

pou’tld W oe

Overload princi The strengthening of a muscle

[ —

by loading it over and above previoug regquirements. This
may be done by increasing the speed of the movement, or by
adding weights to that portion of the body involved.

Einetic snalysis. An analysis of joint forces and

moments of force for any position of =z whole body motion
through the use of slow motion photography, anatomical data,

and mechanics.
Delimitations

The study was confined by the following delimita-—

tions :
1. The study wes delimited to one subject, =
female greduszte student at the University of Massachusetts.
2. The volleyball spike was the skill pattern under
consideration.

3. There was one sel of 2.5 pound ankle weights

added to the ankles of the subject.,

The experimenter recognizes the following limita-
tions to the completed study:

1., The study was limited to one subject.



1

2. Psychological effects which night have influenced
the subject were not taken into consideration.
3. The motivation of the subject was not controlled,
4. The physical condition of the subject at the
time of performance was not counsidered.
5. The study was linited to the effects of one

specific set of ankle weights which weighed 2.5 pounds each.,
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REVIEW OF RELATED LITERATURE

The literature related to this study is presented
under two headings. The first section consists of liter-
ature concerning the alteration of skill patterns through
the application of weights. The second section presents

published research related to training through the use

of ankle weights.

Alteration of Skill Patterns Through
the Applicatiqn of Weight

Physiologists have proﬁosed that a muscle may be
. gtrengthened through the application of weights, and upon
this assumption, trainers utilize various types of wearable
weights and weighted implements in training for various
types of activities. They can not actually agree upon how
much weight for each activity, or when this weight should
be applied. This controversy stems from their fear that
the wearable weight will alter the skill pattern during
practice, so that ah altered pattern will be practiced;
rather than the desired sucessful pattern.

Application of weights to the body. Winningham (21),

while investigating the use of ankle weights in running, has

é



o

definite statements concerning their effect on performance:

Because the research has generally suvpported the
view that skill development is specific in nature,
weighting performers while they practice in a
specific skill may, in fact, mean they are devel-
oping a different skill than the one desired.
Repeated practice may bring a positive effect in
performance only under the particular weighted
condition applied. If this hypothesis were true,
there remains the pvossibility that the use of
weights could produce a negative effect in the
efficiency of the asctual desired performance.

The stronger contractions reguired to move the
weighted limb might still function for a period
of time after the weightls have been removed.

(21, D« 5)

Whitley and Smith (19) have shovwn that an arm can
move faster while emptly than when holding e weight, and

therefore, the speed of arnm flexion depends on the weight

held in the hand. Winninghaﬁ (21) also noticed this
reduction of speed in his study of running. He found that
the group wearing 5 pound ankle weights ren slower then
all other groups, and at the termination of his study, he
had the following conclusions and recommendations:

There were findings, however, that raised questions

as to ‘the value of wearing ankle weights while
training for a teem sport activity. ihen proper
timing and coordination between players is the desired
outcome of a practice session, a detrimental effect

of such weights would secem a possible outcone. «o.
based on the findings of this study, the use of ankle
weights while training for sports activities requiring
intricate team play cannot be recommended. (21, Dpp.
90-92)

lorehouse and Miller (12) indicate that "during

practice those objects and movements which will be employed

in the finel performance should be used." (12, p. 71)



Considering the physiological aspects of weights,
Van Huss (20) has discussed the possibility that additional
motor units recruited into action by the overload may
actually enhance performance. He states:
T4 may be that the effects were not warm up but
neuromuscular in nature in that the motor units
or the additional muscle fibers in a uvnit recruited

oh intensity overload continued to function
when the load was decreased. (20, P 472)

Application of weighted implements. Overloading

or weighting a warm up or practice movement through the
use of a weighted implement prior to using that same move-
ment in competition with a regulation implement has
received little study. Morchouse (13) states thatb:
The procedure of warnming vp with an implement heavier
then +that used in competition has been advocated on
the theory that the lighter implement felt so nmuch

better that performance would be improved. (13, pp.
21.3--214)

Morechouse (13) goes on to say that performance

[
(€

not improved through the practice of warming up with a
heavier or lighter implement. The best performance 1is
noted when athletes warm up with the same implement they
gre to use in competition.

Morehouse and Rasch (14) make specific statements

concerning the effect of weights on the performence of a

skill pattern. They state:
Bach athletic event nakes specific demands in
terns of its pattern of load, ratec, repetition,
ond duration. The neurophysiological adjust-~
ments must be acquired. These adjuatments are so




BIP—

precise that a slight channc in th weight of a
club or ball WllL affect the trained athletes!
pOflOLMQWC A heavy shot or discus used as a

Lﬂ70(,ldl tra LNTJ]“ device will T LLﬂ.’Ule a hlxzb@

to use that parLLovl 2y implement. = But, wh

athlehc transfers to the lighter, T“WUTFtiOJ

shot or discus, he also tends to transfer the
timing and coordination for the heavier ljplement
which is improper for the lighter. Thus he starts
again essentially from the beginning uﬂJﬂSLLU“

to the lighter implement., (14, pp. 29-30)

Scott and Crafts (4) recommend the use of weight
training in women's track and field, but they disapprove
of the use of a heavier shot in practice throws. They
realize that the strength of the girl will be increased,
but they feel that "either a heavier or lighter objec
produces g different technique than that required for
official competition.” (4, pe 158)

.
L

an Huss (20) investigated the effect of over-
1éading werm up on the velocity and accuracy of throwing
in baseball. Utilizing a weighted ball, he found an
increase in ball velocity, but a significant negative
affecct of accuracy of the throw.

Lindelburg and Hewitt (9) utilized a weighted
pasketball and found '"no appreciable effect on the basket
ball skills of shooting and ball handling." (9, Do 164)

Kennison (10), in a study of various programs'
effect on basketball skills, also utilized an overweight
ball as one training method, and his findings indicated

a shooting improvement in all groups except the one
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! He did notice that the

utilizing the weighted baly .
weighted group increased In pagsing veloelty and pelnar

trength.

&

[

flexion ¢

Ny

The immediate sensgiion crested by removing excess
welight following training hag been termed kinesthedic
illusion or after-effect. (ratty and Hutton (5) have
suggested that there may e some benefit in holding a
heavier shot just before throwing & light one. Nelson and
Nofsinger (15), in a study of effects of overload on speed
of elbow flexion, also noticed this kinesthetic illusion
of speed when the weights were removed, although increased

speed was not actually evijent.
Training Through the Use of Ankle Weighte

Recently there has been some limited resesrch
concerning the use of ankle weights in the training of

athletes, but the results have been controversial.

Winningham (21) investigated the effects of ankle
weilghts on the running slkill of college males, He
utilized 5 pound, 2 pound, and no weights on three Qiff-
erent groups. His results indicated that the S5-pound
group actuelly ron a one hundred yard dash slower ofter
training with the weights, and would, thercfore, not
recommend thelr use in athletic training.

Chambers (3) also studied the effect of ankle



ik
weights on ronning. He lcncgd junior high schooi hoys fdr
improvement of running egllity, and Found +that the weighted
Sroup improved significantly at the BOOl level on all four
acility tests, vut the unweighted group improved gignifiml
cantly on three out of the four agility tests. He con-

cluded, "The practice increased agility, but the anlkle

weights mede little apporent difference.” (%, Be 27 )

A master's thesis by Anderson (1) investigated the

£ a weighted enkle spat to improve the jumping pexrfor-

mance, egility, and endurance of high school basketball

players. The study utilized ten subjects who ex rercised for
o seven—weck period. The results indicated improvement in
jumping performance and agility of both the unweighted and

weilghted groups. The improved Jjumping performance of the

welghted group was the only improvement significant at the
.05 level. The results also indicated idmprovement A8
enduraence of the unweighted group, while the weighted

group decreased in endurance.

ol ]

Ranniger (18) studied the effect of ankle weights
on the vertical jump ebility, leg strength, and agility

of male high school basketball players. He found, upon

completion, that both the comtrol and experimental groups

improved in leg ¢ strength and agility at the .01l level of
significancey but only the experimental group improved
significantly in vertical jump ebility. Besed on his

findings, Ranniger would still not recommend the use of



the weights because he felt that they had o negative
psychological effect on the baslythall players using them.

A study directly related o gnkle wei{é‘hté was made,
utilizing a weighted training slhe, ITukes (11) investi-
gated the effect of this welghtey shoe on the Jjumping
performance, agility, running SPeed, and endurance of
college basketball players. He ptilized three groups: a
control group, a regular shoe glhup, and a weighted shoe
group-- and found no significant gifference between the
weighted and the unweighted shoe groups, Although there
was no significant difference, Inkes did state that the
results indicated a trend which favored the weighted
group. |

Another investigation in which the results favored
the weighted group, but in which there was no significant
difference evident, was perforiel by Davis (7), who inves-
tiga'ted the effect of b pov.:m_'!_ anzcle \r/eizr:r)‘};_-t,c,‘ o1 ]-OC; ,f,"tx-@ng'thy

speed, and general endursnce cf zollege women.
Summa.ry

From the related literatire presented, it is evi-
dent that there exists a dearth »f actual research liter-
ature on thc alteration of skill patterns through over—
weighting, throush the use of wearable weights and weighted
implements. It is evident, however, that here exists

general opinion or fear that overwelighting a performance
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wili alter the skill pattern, although no actual research
is available to support this.
Some research has indicated that ankle weights
have improved some variables. This fact was observed in
research performed by Lukes (11) and Ranniger (17); but
the results'are S0 inconsistant; that none of the research-
ers will actually recommend the general use of the weights.
Actual research is needed to indicate exactly if
and how ankle weights alter skill patterns; and theif |
effect on such physical variables as strength; endurance;

jumping ability, and speed.



CHAPTER III

PROCEDURE

The procedure described in this chapter was used
in the selection of a subject, selection‘of a method of
analysis, collection of data, and methods employed in
| data analysis. This procedure was utilized in solving
the problem of a comparison of a volleyball spike ﬁef—

formed with and without ankle weights.
Selection of a Subject

The subject was a2 female graduate student at the
University of lMassachusetts, who was chosen for her

ability to perform an acceptable volleyball spike.
Selection of a Method of Analysis

To compare volleyball spike patterns with and with-

out ankle weights, the investigator employed a type of
kinetic analysis that was developed by Plagenhoef (17).
This method was chosen for its accurate and practical aspects
in analyzing whole body motions in the actual athletic situa-
- 4ion. A comparison of the motion performed with,and.with-
out ankle weights was made possible by comparing maximum

arm and leg velocities, moments of force, dominant muscle
groups, and times‘of flight.

14
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Collection of Data

K o completing a kinetic analysis according to
Plagenhoef's method, it was necessary to follow specfic
steps as outlined in his article, "Methods for Obtaining
Kinetic Data to Analyze Human Motions." (17, p. 103)

Determine the length of each body segment. The

length of each body segment was determined through the
measuring of three 8" X 10" somatotyping photographs taken
with a 35 mm. camera. The three photographs consisted of
a front; back, and side view, and included, in eaoh; a
meter stick to determine the proper scale. |

Since the body segment length was measured from
joint center}to joint center, it was necessary to determine
each of the joint centers. This was accomplished by the
use of anatomical data provided by Dempster (8) as to the

location of joint centers.

Determine the weigcht of each body segment. The

weight of each body segment was determined by measuring the
volume of each and multiplying it by the specific gravity
of each segment. The average specific gravity as deter-

mined by Dempster (8) is:

Hand: , 1.16
Upper Arm: 1.07°
Shank: ; 1.09
Forearm: " 1613
Thigh: | 1.05

Foot: 1.10




The volume of each segnent was determined by lmmers-
ing the extremities in woter to a plane which was level

7

with each joint center, and neasuring ~the volume of water

displaced.

rhotograph the desired motion. The motion pictures

g R Y.

of the volleyball spike were taken with & 16 mm. camera at
64 frames per second at 2+ open. They were taken in a gym-
nasium on a regulation volleybell court, with the volleyball
net positioned at the correct height. The volleyball was
a Japanese-made SV-5, inflated to regulation poundage,.

The subject was filmed from the right side in a
standing position, holding a meter stick which weas later

used to determine the scale. A clock was included to cal e

1ate the actual speed of the camera. The subject then
performed several splkes without the ankle weights and

several spilkes while wearing 2.5 pound ankle weights on

h

esch enkle. She was given o target on the opposite side of
the net, and a volleyball spilke was considered "good" if

it landed within this target areca and if the subject felt

3

that the movement was correct.

Method Employed in Data Analysis

N . .

Agein, methods of cdata analysis were given in

specific steps by Plagenhoef {17 s

£ the total movement. A 16 mun.
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motion picture pro jector was used- to project the film on
tracing paper mounted on & wall. A horizbnt@l and vertical
reference line was marked on the paper to assuré accurate
tracing. The meter stick filmed with the subject was marked
as a scale, and the clock was ma arked frame~by-Lrame to
calculate the actual camera time.
Two volleyball spike pattern sequences were chosen

for analysis-- one withouwt ankle weights, and one with
ankle weilgats, Prome-by-frame LCJCLn°“ were nade of both

secuences. The tracings were made by marking the joint
centers and connecting them with lines. The lines indicated
the segment lengths and pos yitions. While tracing the motion,
the time of flight of the subject in both the uvanweighted and
weighted flights was calculated by counting the number of
frames during flight.

Locate th@WEEQEEELﬂi;ﬁfﬁYiEKW?“d radiug of gyration

cment. The location of the center of gravity and

ot e B e

of ea

b e NG T4 L AW S

the radius of gyration for each seguent is expressed in
percentages in relation To the segment's length, end are
calculated from either the proximal or distal end of the
segment. Utilizing these percentages which were aveilable
from Dempster (8) and The corrected seguent's length
(measured from the tracings), 1t was possible to calculate
the center of grevity end the radius of gyration for each

segment in each instantaneous position.
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A correction 1O the trunk center of gravity was
necessary for greatest accuracy because shoulder move-
ment wém involved in the motion. The dverage weight of
both shovlders is 5.5% of the total trunk weight, so a
1.8 cm. correction was made o the trunk center of gravity
for every 10 cm. of shoulder joint motion in the direction
of the change. This correction booomes.inor@asimgly

important when the =rms go over head and maximun shoulder

clevation occurs.

t forces ond moments of force. By

e B I P

Determine jo:

wtilizing the tracings of the two sequences, the angle of
cach segment at ezch joint was neasured from the right
horizontal counterclockwise o the segnent for each
instantancous position desired. These angular measure-—
ments, the film time, and the number of positions were
used to calculate the angular acceleration and velocity of
each segment. Thesc were calculated using a Control Data
3600-type computer and Computer Program No. 1 developed
by Plegenhoef and Curtis (6).

Once this data wes celculated, the angular velocity
ond acceleration, the corrected segments' length, the

segments' weight, ond the segments' center of gravity and

padive of gyration were utilized through Computer Program

Ho. 2 (6) to calculate joint forces, moments of force, center

of gravity of the whole body, and the contribution of cach

seoment to the total movemende.



CHAPTER IV

ANALYSIS OF THE DATA

This chapter is concerned with enslysis of data
relevant to the purposc. The purpose of this study was
to compare a volleyball spike pattern performed without
enkle weights with one periormed wilt
ankle weights on each ankle.,

The analysis included comparison of the mean time
of flight for all vnweighted and weighted performances,
naximum angular velocity of the leg, maximun angular
velocity of the arm, moximum moments of force, and the
dominant muscle group during cach performance. The

o

aﬁalygis was performed utilizing the right side of the
body; the subject being right handed.

gince the uvnweighted performance was .15 seconds
lTonger in execution and included 10 more frame positions
than the weighted performaﬁce, it was necessary bto divide
the enalysis of the performance of the volleyball spike
into three distinct phases (figure 1). Yhase I included
the positions from the maximom leg flexion to the actual
take off of the foot from the floor surface. This phase
included pogitions 1 through 23 for the uwnweilghted per-

formance and positions 1 throush 19 for the weighted

13
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performance. Fhase I1 included the positions from the
take off to <the maximun arm cock, which incorporated
positions 24 through 33 for the unweighted performance
and 20 through 26 for the weighted‘performance. Phase
TII included the positions from maximum arm cock to actuval
impact of the ball. This phase involved positions 34
through 43 of the unweighted performance and 27 through
33 of the weighted performance.

The beginning of the enalysis was determined by
the point of maximum leg flexion. It was interesting to
note that the leg position for the unweighted and weighted
performance was very similer. The position of the lovier leg
at this point of maximun leg flexion was measured (from
the right horizontal) as 26.8° for the unweighted perfor-
mance, and 28.8° for the weighted performsnce. The upper
leg position was 105.8o for the unweighted performance and
109.6o for the weighted performance. This indicated that
the point of maximum leg flexion was practically the same

for both the unweighted and weighted pérformance.
Time of Flight

The time of flight for all performances filmed was
calculated by counting the number of frames from take off
to landing. The time of flight of the performances used
Lo analysis was .525 seconds for the unweighted perfor-

mance and .420 seconds for the weighted performance.
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Of the performances wnich were Lilmed the mean of

the Tour unweighted performances filmed was 491 s oooqdf,

and the mean of the seven weighted performances filmed was

.41l seconds., The time of flight for all performances are

included in Appendix A.

Angular Velocity of the Leg

Utilizing the speed of the film and the angles
measured from bthe right horiz sontal at each of the instan-

tancous positions, the engular Velocity of the performences

wes caleulated for the lower and the upper 1 g (figures 2

end 3). The exact values are included in Appendix C. The

velocity of the gegments was compared utilizing the maximumn
velocity of each distinct phese
Angular velocity is expre cssed in radians per second
& - ol bt O - ~ e .’.1 [_. . - p— . & L
(one radian = 57.3 ). The mathema ical negative and positive
signs preceding the numerical value indicate direction in
relation to the original direction of motion, not a negative

>

or positive value.

Phase I — Meximum Log - Texion To I

Qﬁﬁﬁfml%$° The meximum angular velocity for the
lower leg during this phage was 216.,9 radians per second for
the unweighted performance ond 455.9 radions per second for

(mable ).

The maximimn angular velocity for the

the weighted performance

Uppex. Loz
Do s duping this phe ; ~414..9 radians per se :
upper leg during TAlS phase was -414.9 radians per second
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for the unweighted performance and -422.9 radians per

second for the weighted performance (Table II).

s

TABLE I

Maximum Angular Velocities of the Lower Leg

Phase Unweighted Weighted
‘ Performance Performance
(rad/sec) (rad/sec)
PHASE I 4
(Moximum Leg Flexion 216,9 455.9
to Take Off)
PHASE II
(Take Off to Maximum -238.9 54,3
Arm Cock)
PHASE III
175-5 -9505

(Maximum Arm Cock 10
Actual Impact)

Phase 11 - Take off to Maximum Arm Cock

' The maximum angular velocity for the

Lower leg.

lower leg during this phase was -238.9 radians per second

for the unweighted performance and 54.3 radians per second

for the weighted performance (Table I).

Upper_leg. The maximum angular velocity for the
ﬁpper leg during this phase was 154.7 radians per s
formance and -185.2 radians per

(Table II).

for the unweighted per

second for the weighted performance
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TABLE II

Maximum Angular Velocities of the Upper Leg

’

Phase Unweighted Weighted
Performance Performance
(rad/sec) (rad/sec)
PHASE I - ‘ -
(Maximum Leg Tlexion -414.9 -422.9
to Take OfT)
PHASE I1
(Take Off to Maximum 154.7 -185.2
Arm Cock .
PHASE III
'102.8 129.1

(Maximum Arm Cock to
Actual Impact)

se III = Maximum AYm Coock to Actual Impact

The maximum angular velocity for the

Pha
Tower leg.

lower leg during this P
for the unweighted performnanc
the weighted performance ('
The makimum angular velocity for the

hase was 175.5 radians per second
e and -95.5 radians per

second for able I).

Upper_lege.
upper leg during this ph

for the unweighted performance
e weighted performance (Table i

gse was +102.8 radians per second

and 129.1 radians per

second‘for th
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Angular Velocity of the Arm

The angular velocity of the arm of the perfornances

was calculated for the upper and lower arm, and the hand

(Pigures 4, 5, and 6). The velocity of the segnents was

compared ubtilizing the maximun velocity of each distinct

The maximum velocity of the upper and lower aria,

phase.

and the hand in each of the distinct phases was represent-

ative of the effect of the enkle weights on the arm veloclty

during the total motion.

The weights were not expected to have as mach

o ]
effect on the angular velocity of the arm as they had on

v

the angular velocity of the leg, bul in most of the phases,

o

there was a definite difference in the maximum angulam

velocity of the arm for the unweighted and the weighted

performances.

Phase I - Maximua Log Flexion to fake OF:

The maximum angular velocity for the

vpper arm during this phese was 857,1 rediens per second

for the unweighted performance and 1025.4 radians per

second Tor the weighted performance (Table III).

Lower art. The maxipum angular velocity of the
lower arm during this phase wos 823.3 radiang per sccond

for the unweighted performance and 440.2 radisns per
- e bl sl L - by

scecond for
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TABLE ITI

Maximum Angular Velocities of the Upper Arm

’
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Phase Unweighted Weighted
Performance Performance
(rad/sec) (rad/sec)
PHASE 1
(Maximum Leg Flexion 857.1 1025.4
to Take Off)
PHASE 1T
(Take Off to Maximum 189.4 109.1
Arm Cock)
PHASE 111
(Maximum Arm Cock to -T1.7 100.7

Actual Impact)

|

- Hand. The maximum angular velocity for the hand
during this phase was 1028.8 radians per second for the
Wnweighted performance and 512.1 radians per second for
the weighted performance (Table V).

Phase II - Take Off to Maximum Arm Cock
The meximum angular velocity for the

.is phase was 189.4 radians per second

Upper arm.
Upper arm duri
for the unweighted performance, and 109.1 rad;ans per
second for the weighted performance (Table i 5 T4 :

ILower arm. The maximum angular velocity for the

lower arm during this phase was 297.1 radians per second
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for the unweighted performance and 227.4 radians per second.

for the weighted performance (Table IV).

TABLE IV

Maximum Angular Velocities of the Lower Arm

Unweighted Weighted

Actual Impact)

Phase
Performance Performance
(rad/sec) (rad/sec)
PHASE I
(Maximum Leg Flexion 823.3 440,2
to Take Off)
PHABE TI
(Take Off to Maximum 297.1 227.4
Arm Cock)
~ PHASE IIT |
(Maximum Arm Cock to ~372.2 ~50.3

Hand. The maximum angular velocity for the hand

during this phase was 360.2 radians per second for the

unweighted performance and 474.4 radians per second for

the weighted performance (Table V).

Phase IIT - Meximum Arm Cock to Actual Impact

Upper arm. The maximum angular velocity for the

upper arm during this phase was ~71.7 radians per second
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for the unweighted performence and 100.7 radians per second

for the weighted performance (Table III).

TABLE V

Maximum Angular Velocities of the Hand

Phase Unweighted Weighted
Performance Performance
(rad/sec) (rad/sec)
PHASE I
(Maximum Leg Flexion 1028.8 8l2.1
to Take Off)
PHASE 1II
(Take Off to Maximum 360.2 474 .4
Arm Cock)
PHASE III

(Maximum Arm Cock to  =1240.3 -1554.1

Actual Impact)

Lower arm. The maximum angular velocity for the
lower arm during this phase was -372.2 radians per second
for the unweighted performance and -50.3 radians per
gsecond for the weighted performance (Table IV).

Hand. The maximum angular velocity for the hand
during this phase was -1240.3 radians per second for the

unweighted performance and -1554,1 radians per second for

the weighted performance (Table V).
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Moments of TForce

Through the use of the procedure given in Chapter

TIT it was possible to obtain the moments of force of
cach segment at each ingtentoncous position for both the

unweighted and the weighted performonces (figures 7 - 12),

A moment of force i1s deTined as the force applied through

scular contraction on & segment at the joint around which

the segment rotates. The moments of force are the signif-

icant data for interpreting body motion (17), since they

represent the dominant muscle force at each joint at the

given instentaneous POS sitilon.

mhe moments of force are indicated numerically in

units of gram-centimeters, ond the dominant muscle group
signs

ig indicated by the mathematical negotive and positive si
preccding the numerical value. A negative sign (-=) indicates

clockwise moments, and positive sign (+) indicates counter-
clockwise moments. As an example refer to Pigure 13, and
2

let us say that the moment of force is +.30 X 10° gram-

centimeters for the right lower leg. This is translated ag

meaning that the dominant muscle grouvp for this position

was the extbensors of the lower leg, and the moment of Tforce

was 30,000, 00 gram- centineters.

Pig. 3 o e B 2BI0P ple: Moments of Iorce of Tower Leg
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To comparc the moments of force of the unweighted
and the weighted performznce of the volleyball spike, the
dota of the total body motion was broken down iﬁto the
three distinct phases. The segments were most casily
represented by the maximum moment of force and the dominant
wecle group of each segment during each phase,

It must be noted that although the flexors may be
the dominant muscular force, this does not indicate the
direction or action of the segment, but only the dominant

moment of force.

.exion to Take Off

Phase I -~ Naximum Leg T.

Lower leg. The axis of rotation of the lower leg
was the ankle joint. The dominant muscle group during this
phase for the unweighted performance was the flexors of the

lower leg in varying magnitude. The maximuwn moment of

b
~192.44 % 107 gram-cenbimeters which occurred at

force was
the beginning of the phase (Pable VI). During the weighted
performance the dominant masecle group varied from the

, -
N . . Loy 1 Ly i o B .)
oxtbensors with a maximun of +174.76 X 107 grom-centineters,

o
to the flewors with a maximun of -147.26 X 107 gram-
centimeters, and back to the extensors just prior to take
off (Table VI).

Upper leg. The axis of rotation of the upper leg
was the knee joint. During the unweighted performance the
dominant muscle group throughout this phase was the extensors

4
- ‘ g - A e o
of the leg with a maximum of ~84.75 X 107 grom-centineters



(Table VIL).

with the moments decreas

During

)

varied from tne

»
+96.79 X 10

a maximom of -94.

the flexors

Tnis

the weighted performance

42

maximun was noted early in the phase

ensing just prior to take off.

the dominent muscle group

flexors early in the phase with a masimam

opram-centimeters to the extensors with

91 X 105 grem-centineters, and back to

just prior to take off (Pable VII).

TABLE VI

Maximun Moments of Force
of the Lower Leg

S—
I —————— S

Weighted
Performance

Unweighted
Perfocmmnoe

BT R———— PO v

PHAST i
PMlexors:
Extensors:

PHQMQ Ll
Mexors:
Extensors:

PMAJM LT
Mexora:
Extensors:

Note:

Tronls.
Hip Jodnt.

was

Y 8 il

All VJJuon

During

dominated mus

p—

e s i S

~147 .26
+174 .96

~Hl.72
+74 .97

s it

gram»oontimcterﬂo

are X 1

The sxis of rotation of the trunk was the

the unweighted performance the motion

cularly by the flexors the trunk with



K
maximum of -39.17 X 107 gram-centimeters which was noted

®

early in the phase. The extensors dominated the phase

5 .
briefly with a maximum of +5.77 X 10° gram-centimeters

off, but the flexors dominated as the body extended (Table
VIEL)s

The dominent muscle group slso varied during the
weighted performance, but in exact reverse of the unweighted
performance. The phase began with the extensors dominating
with a maximum of +31.59 X 105 gram-centimeters which was
approximately 26 times the muscular force exerted by the
extensors in the unweighted periformence. The flexors
dominated briefly with a maximun of -27.07 X 105 aram-—
centimeters just prior to the body extending in prepara-
tion for take off, but the extensors dominated as ‘the body
left the Ffloor suvrface (Table VIIL),
Upper arm. The awxis of rotation of the upper arm
was the shoulder joint. During the uvnweighted performance
the dominant muscle group varied from the extensors with
a maximum of +10.92 X 105 gram-centimeters to the flexors
with a maxinum of ~2.59 X 105 grom~centineters as the body
extended in preparation for take ofif. The moments of force
during the weighted performance was similar to the unweighted
perforuqnoe, They indicated the same variation of
dominant muscle groups from extensors with o maximun of

A o . ! w : .
+3.13 X 107 gram-centinmeters to the flexors with a maximun



r ¥ . ‘l
of ~3.56 ¥ 107 gram-centimeters as the body extended in
preparation for take off. At this point the weighted
performence varied back to the ex xtensors just as the body

left the floor (Table IX).
TABLE VII

Waximua Moments of Force
of the Upper Leg

Unwo ighted Weighted
Pe JT‘fO rmance Poerlformance

e R A B A AR 8 ST T

wodop - T T —————

s b 48 A b 5, Y PSR R SIS

PHASE T

flexors: 2 ~94. 91
Extensors: ~84.75 +96.79

PIASE IT
4-] o) -1 ] +24‘-43 "'4.4'013
ix%egfor s ~-2.40 ~51.72

PHASE 111
o A +21.94 +199,.61
etk O “20.82 ~29.147

o R S o A AR S 250

e

lo) {’ru N=~=Cex- L.L]’lk) LCJ."U PY

Notes: All values &rc
Tower erm. The axis of rotation of the lower arm
A b I :’-9
was the elbow joint. The moment of force pattern foxr the
2 2 C . { b S L ode o A
ohase was very similar to the upper

Jlower arm during This

arm.

‘ 1 =y T Y O O e

Dorins the unweighted performance the dominant

o 4ha extensors with a maximum of

o i.a fpom bhe extensors with a maximum of
muscle group variec 10
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+1.79 X 105 gram~centimetoré to the Ilexors with a naximun
of =445 X 105 gram—~centineters as the body extends in
preparétion for take off. The moments of force during the
weighted performance were similar. They indicated the

same varigtion of dominont muscle groups from the extensors
with a maximum of +1.16 X lO5 gram-centimeters to the
flexors with a maximum of -.86 X 105 gram—-centineters as the
body extended in preparation for the take off. At this
point the weighted performsnce varied back 1o the extensors

just as the body left the floor (Table X).
TABLE VIIX

Maximuam Moments of Force
of the Trunlk

...... - B e T u— o ,
- b oo s

Phase Unweighted Weilghted
Performance Performn

PHASE 1
M exors
Bxtenso:

= oo

4]
ece

PHASE TT

PSP EES————

Flexors: -4 .94 ~14,31

[

Extensors: +7 .58 +11.39

PHASE ITI

Flexors : NQ.QS ol .
, .
Extensors: +8.20 +77 .6

o

——— Tt o0 A S AR W R T TR RN N4 31 A N S e A e G S S B S RO
Y N S YO AP DT b e ot T T P 48 - . S - T S —————

[

y B S——————
Note: All values are X 10”7 gram~centineters.
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TABLE ITX

Maximuom Moments of Force
of the Upper Arm ..

LS P ——

Phase Un\ reighted Weighted
Performance Performance

Pﬁﬁsw T

Flexors: -2.59 ~3.56

Bxtensors: +10.92 +3.13
PHASE I

Mexors: —~1..06 ~2,.,18

I(JXLC‘Q ors s 062 '|'1002
PHASE TT1T

Mlewors: -+ 98 -1 .87

Extensors: o084 +11 .47

5
Notes: All values are X 107 g'“m contJmeucr

Hand. The ax g of rotation of the hand was the

wrist joint. During the unweighted performence the domi-

nant muscle group was the extensors with a maximum of

+.068 X 105 gram»oentimetorg completely throughout the

phase with a brief switch to the flexors with a naximun

of -,021 X 10° gram—centimeters just as the body left the

Yloor, Thc dominent muscle group greatly ve riecd during

the wo_vhtgd performance from the extensors with a max £l

mum of +.089 X 10” grom-centimeters to the flexors with a

5 Ja o - anlr 4 4-1-
meximim of —.082 X 107 gram-centimeters, and back to the



extens as the body exte ndoﬂ and le

(TPable XI).

TABLH

Maximum Moments of T
O.L _LhO L\)n\;r Arm

LIS

£t the floor surface

orce

Unweishted
Performnance

Weighted
Performance

e

p—

vy

PHASE T

Flexors:

Extensors: +1.79
PHASE LT

Flexorg: - s 366

Extensors: -
PHASE IIT

PMlexors: -e 315

Eyt S01T8 8 4o 201

+1.16

"'566
""013

~.60
’:‘2 082

P

ot

e -

5

Notes: ALl values

Phese II - Teke OFf 1o ]

ore X 107 gram—centineters.

Maximun Arm Cock

Lower leg. During

T i

-, c
A4 =

dominant muscle growp throughout this

i e T e e 1R X 3

moments increased in magnitude from

cock. The extensors also dominated

mance with a maximun of +74.97

gram-~centimeters.

b e
take

the unweighted performance the

phase was the extens

The

r\\

off +to maximuin arm

the weighted perfor—

gram-centimeters, but

BOLE
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toward the end of the phase the Tlexors dominated with a
mayimum of 51,72 X 10) gram—-centimeters (Table VI).

TABLE XL

Waximun Homents of IForce
of ‘the Hand

Phase Unweligh _Weighted
Performance Performnance

PHASE T

e st byt Wy

e O:)]. ()0 z
-+ o ()C)(r} i‘ () J

Plexors:
Extensors:

PHASE TT
PMlexors:
Extensors:

PHASL‘ ST

Floyorsz
Extensors:

PR ety s A e s e

Note: n]l le.Lu

Uoper leg., During the unwe ighted performance the
p . ) et LT e o oo o with a maxi-~
xtensors dominnted bricfly at the be cinning with a maxid

5 gad R R | daed- v ey o ke £
mm of ~2.,40 X 107 gram-centineters, but the majority of
the phase was doninated by the Llexors with a maximnum of
~ : S e bers The weighted performance

+23.,43 X j_()5 L(;‘I"E“:‘j'.l---.celj_1“._)‘[‘16 Lers o The weight erfc
indicated the complete reversal of dominant muscle groups

: ' il O wriefly at the beginning of the
with the flexors dominatir briefly at the beg




phase with a naximum of +44,13 X 105 gram~centimeters, and
the extensors completing the phase with a maximun of -51.72
X 10° gram-centimeters (Table VIIL).

Irunk. As the body left the floor the dominant
mscle group for the unweighted performance was the Tlexors
with a maximum of -4.94 X 10° graum~centimeters, but this

quickly changed to the extensors with a maximum of +7.58

X lO gram-centimeters which increased in magnitude until
the end of the phase, During the weighted pOl!OJMduCO the
dominant muscle groups were roeversed with the exbtensors

dominating with a mazximua of +11.39 3 X 10° gran~centimeters

as the body left the floor, and the Fflexors dominating with

& maximum of -14.31 X 10° gram-centimeters through the end

of the phase (Table VIIL).

Upper arim, During the unweilghted performance the

flexors dominated with a maximunm of ~1.56 X 105 gram-centi-

nmeters as the body left the floor, but the exbensors dominsted

w25

"
with a maximum of +.617 X 107 ¢ gram-centineters as the arm

extended back into arm cock position. This pattern was

riormance with the extensors

reversed during the weilghted pe

4 . fo L VR - i T ) e e T N
dom1nau1ng ag the body left the floor with a maxinum of

) bl o . et S 4 ey ool v
+L. 02 % 207 gram—-centimeters, and the [lexors dominating

as

ks
-2,18 X 10° gram-centimeters as the arm

i

with a maximum of

extended back into arm cock position (Table

PR
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the unwei ighted performance the

m. bHuring

Losior_a:
flexors dominated with a maximum of -.365 X 105 Zram—-

centimeters throughout the phase. During the weighted

performance the flexors also dominated completely through-
ovt the phase with e maximum of w66 X 10) gram-centineters
(Table ).

Hand., Iuring the unweighted DCCfOi"MCv the flexors
dominated with a maximumn of ~.,095 2 105 gran-centimeters
throughout the phase. During the weighted performance the

floxors also dominated completely throughout the phase with

5
a maximum of —.10 X 10° gram-—centimeters (Table XI).

m Arm Cock to Actual Tmpoct

Phose I

ribntuing

Lower leg. As the arm cuae forward for ball impact

during the unweightbed performance the dominant muscle group
o . S s LR E) o il 5 h F st

was the extensors with a maxinum +54.,03 X 107 gram-—

centineters, but as the actual impact took place the flexors

L OJC ‘-~38 ° 79 X _105 55‘1"57’“731“'CG.’L’J.'tj_AZHO ters :

e

o a

dominated with &
Durine the weichted performance the pattern was reversed

(o B 3 con el [l kv ad 5
7ith 2 maximum of 45,381 X 10

with the flexors
gram—-centimeters as the arm caie forward, and the extensors
[ g
dominatine with a maximum of +316.30 X 107 gram-centimeters
nating wi

ag impact took place (Pable VI).

e ey LA A Par Wall Ymnaedt
UT)_T) er ].O,r,: " AL {,h(, arm - cane iTommvara 10X ])t:,u.]-i .L.’!l_}‘_)(;u(z L
nce the dominent muscle group

durin & tTthe unwe i, : st
-
& Lol cmd 102 et STl
of +21.94 X 107 gran~centi-
&

was ‘the flexors with a maxliium

< o} sy O N ~ nlace ‘th N et alole R Ua!
neters, but as the octual impact took place the extensors




dominated with a meximum of -20.82 X 105 gram~centineters,
During the weighted perlformsnce the pattern was reversed
with the extensors dominating with a wmaximun oflw29.47 % 10
gram-centinmcters as the arm came forward, and the flexors
dominating with a maximum of +199.61 ¥ 10° gram-centimeters
as impact took place (Table VIL),

Trunk. As the erm came Forward Tor Lwl] impact

during the unweighted performance the dominant muscle group

L )

was the extensors with a maximun of +8.,20 7 105 gram=-centi~
meters, bult as actual impact took place the flexors dominated
with a maximum of ~9.28 X 10) gram~centimeters, During the
weighted performance the pattern was reversed with the

-
flexors dominating with a maximom of -11.75 X 10”7 gramn-

centimeters asg the arm came forward, and the extensors
| o
domineting with a meximum of +77.65 X 3o gram~centimeters

as impact took place (Table VIII).

During the unweighted performance as +the

Upper arm.

arn came forward the dominant muscle grouvp was the extensors

"
with a meximum of +.839 X 107 gram-centimeters, but the

flexors dominsted briefly with a meximum of -,980 X 105

gram~centimeters as actual impact took place. During the

weighted performence the patltern was reversed witn the flexors

-
dominating with a maximug -1.,87 X 10° gram-centimeters as

the arm came forward, and the cxtensors dominating with g
=
maximua of +11.47 X 107 grom-centimeters as the ball impact



took place (Table IX).
Lowgghlim During the uwnweighted pO'¢OTNLUCO the

Flexors doningted with a maximum of =,315 X 105 eran-

centimeters as the arm came forward, but the extensors

©
@

dominated with a maximum of +.201 ¥ lO) gram—-centimeters
ball dimpact took place. During the weighted performance
the pattern was similor with the flexors dominating with a
maximom of -,60 ¥ 105 gram~-centimeters as the arm came Torward,
and the extensors dominating with ’J, maximun of +2,82 X 105
gram-contineters as impact took place (Table iy

Hond. During the unweighted performance the flexors
dominated with a moximum of —.104 O) gram~centimetors as
the arm came forward, but the extensors dominated with
maximun of +,023 X 105 gram—-centimeters as ball impact
took place. During the weighted performance the pattern
was similer with the flexors dominzting with a maximum of

097 X 105 gram-centimeters as the arm camo':E‘ox"wa;r.'d, and

the extensors donminating with 2 maximum of +. 248 % lO)

.

gram-cent:

2

meters as impact took place (Table XI).



CHAPDTER V

SUIMARY, DISCUSSION, CONCLUSIONS
IMPLICATIONS, AND
e

RECOMUENDATIONS

Summnary

The purpose of this study was to compare a volleyball

spike pattern performed without ankle weights with one per-

Pormed while wearing 2.5 pound ankle weights on each ankle.

Trom the literature reviewed 1t was evident thoat

there was o dearth of actual research literature on the alter-
ation of skill patterns throuch overweighting throuvgh the use
of wearable weights and we ighted implements. But it was

evident that there exists general opinion or fear that over-

the skill pattern, though

weighting a performance will alter

no sectusl reseorch was available to support this opinion.

Research was needed 10 indicate exactly if and how ankle

weights alter skill patte:

The study included one right handed subject, a female
graduate student at the University of Massachusetts. The
method used in enalysis was & kinetic method developed by
Plagenhoef (17). The subject was filmed while she pexrformed
several volleyball spikes without ankle weights and several
spikes while wearing 2.5 pound ankle weights on each ankle.

53
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Two of the volleyball spik@‘pqttern sequences were chosen
for analysis, one without ankle weightbs and one with ankle
weights, and frame by frame tracings wére made of both
sequences. Utilizing the tracings of the two sequences, the
angle of each segment at each joint was measured from the
right horizontel counterclockwise to the segment for each
instanteneous position desired. These angular measurements,
the film time, and the number of positions were used to
calculate the angular acceleration and'velécity of each
segment. Once this data was calculated, the angular velocity
and acceleration, the segments' length, weight, center of
gravity, and radius of gyration were wbilized fo calcoulate
the moments of Fforee of each segment for each instantaneous
position,

The enalysis included comparison of the mean time of
flight for all unweighted and weighted performances, maximum
angular velocity of the leg, maximum engular velocity of the
arm, and the maximom moments of force and dominent muscle

o
£

group of each seguent.,

since the unweighted performance was .15 seconds
longer in execution and included 10 more frame positions
than the weighted performance, it was necessary to divide
the analysis of the performsnce of the volleyball spike
into three distinct phases (Figure 1). Fhase I included

the positions from the maximum leg flexion to the actual



1 f\

take off of the foot from the floor surface. Phase II
included the positions from the take off to the maximum
arin cock. Phase ITT included the positions from maximum

9

arm cock to actual impact of the ball.
Discussion

The data collected in analysis promoted the following
discussion about the alteration of a volleyball spike pattern
through the application of ankle weights.

Pime of T The time of Lflight of all the

weighted performsnces was less in all cases (X = .411 seconds)

than the uvnweighted performances (X = ,491 seconds). The

shorter time of flight of the weighted performances indicated

less height of Jump achieved during the weighted spike

2

pattern.

nlor veloclt ] > leg The naximum angular
Angular velocity of ‘the log. ) ang

ot ey Ot eyl A T o B Mea T ~Nex o
veloecity of the leg for cach phase was presented in Tables I

for the tolal leg motion was

™

(

and II, and the velocity curve

1 ' Th o S e 7 4 ) Nel ~ A
depicted in Figures 2 and 3. The actual velocity for each

instantancous position. s included in Appendix C. These

5 oA the T 1 118 ) e
values which were presented initiated the following dis

The maeximnun angular velocity of the

Lower Jleg.
and reached a greater

5
O

lower leg occurred earlier in Phase I
magnitude during the weighted performance than during the

unweighted performences
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1. The study may pe extended to include a larger

number of male and female subjects.

5. The study may be extended to include subjects

who have achieved various levels of skill.

3. The study may be extended to utilize various

poundages of ankle weights.
4. Studies may be performed utilizing other skill

patterns.
5., Studies may be performed on the application of

weights to other segments of the body.

6., Studies may be performéd on the alteration of

skill patterns when utilizing weighted implements.



APPENDIZX A



TNy OF FLIGHT

Unweighted Performances:

le 495 seconds
*2s 525 mpeconds
3. <480 scconds
4. 465 seconds

L T T
D PO —

$= 1.955 491

B
i

Vieighted Performancoes:

l.. 435 seconds
2. 390 seconds
3¢ 405 seconds
4, ,420 seconds
5¢ 405 seconds
6. 405 seconds
Te 420 seconds

T —

St o e iy 0 AR

S= 2.880 X = 411

*The performance chosen for analysis.
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LENGTHS AND WETIGHTS OI' BODY SEGHBNTS

Body Segmentd Length . Weight *
Lower Leg 36.50 em, 3103.0 grams

Upper T 38.21 cm. 6497.0 groms

@
0o}

Trunlc 49.51 cm, 15960.0 grams
Upper Arm 2774 cme 1468.0 grams
Lower Arm 25,29 om., 728.0 grams

Hand 17.55 cm.,. 244.0 grams

L o s b S O 4O 8 S

#A1) weights arce for one~half of the body.
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DATA SHEETS

KEY ,
W = Weight (Grams) of the Body Segment (One-Half Body)
© = Angle (Degrees)

= Length (cm.) of Body Segment

= Distance (cm.) of Center of Gravity from Either the
Distal or Proximal Joint

K = Distance (cm.) of Radius of Gyration from Distal or
Proximal Joint

= Angular Velocity (Radians per Second)
= Angular Acceleration (Radians per Second per Second)
= Segment Number

P = Position Number
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