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ABSTRACT

The purpose of this study was to- examine selectcd
kinematic and kinetic factors in the performance 5f the one
hand basketball set shot as performed by stand-up basketbnlg
players and wheelchair basketball players of difteren:
levels‘of physical disability. iinematic information wac
obtained from the énlysis o: data film- whereas resultant
muscle.torques were compll~d using principles of rigid - body
| d&namics. For this  Jrpoue individuals' body‘ segment
parameters were oétimated. It was found in this study, that
wheelchair baske:ball F.ayers projected the ball with a
greater speed of release atii a higher angle of release than
did  stand-up baskecball players. Nevergheless, balls
projected by wheelchair basketball plavers approached tie
rim with - a slightly smaller angle-of approach. I: wagwalso
found that wheelchair baskeiball playérs generated greater
muscle torgues in order to propel the ball towards the rim,.
However, the increased torques were not pfoportionately
distributed. Shoglder flexion and shoulder extension'torques
of wheelchair basketball playefs were relatively <qreatér
than their elbow extension and wrist flexioh torgues. Class
II* wheelchair basketball players and class III wheelchair
basketball players projected the ball employfng almost
identigal trajectories., To éo so, class II and class III

wheelchair basketball players generated- similar shoulder



flexion and shoulder extension torques, but «class 11

wheelchair basketball players generated smaller elbow
extension and wrist flexion torgues. Considering the
differences in body segment parameters between class II and

class 111 wheelchair basketball players in this study, it
was speculated that when compared to class 111 wheelchair
.basketball players, <class 11 wheelchair basketball players
arnerated relatively greater shoulder flexion and shoulder

extepsion torgues than elbow extension and wrist flexion

rorques.

o vi
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I. INTRODUCTION

Basketball is one of the most popu..: games in the
world. Stand-up basketball (which is the origﬁna] game and
therefore will be defined as "basketball") 1s the most
popular winter game throughout the United States, and 1is
secondary only to soécer in Europe.ana South America. The
game is played as a recreational activity as well _as in a
highly _competitive manner by both males and females.
Competitively, basketball is played by high school, college,
amateur and professional%teams throughout the world (Hobson,
1955). | \

Similarly, wheelchair basketball is very popular among
the physicaliy disabled. It has emerged as the only
wheelchair game that 1is played.worldwide, with an increasing
number of individuals participating. The game was first
played at the V.A. hospitals in New England and 1in
California in 1946, where it w%% initially used as a means .
of recreation and rehabilitaton. With the formation of the
National Wheelchair Basketball Association (N.W.B.A) im
1949, wheelchair basketball has become a competitive sport
with growing participation. By .the end of 1981, the N.W.B.A
had a membership of 136 male teams playing .in 25 conferences
throughout the United States. Eight women's teams

participate .in a separate division (Owen, 1982).

‘a



The game éf wheelchair basketball is a modification of
stand-up basketball. Shavor (1981) suggested that the
whéelchair game 1S more rJlike than unlike "normal"
basketball. The rules are the same, apart from a few changes

to accommodate the use of the wheelchair and the wvarious

degrees of disability. Also, the desire to encourage

part ¢ - ation by more individuals with different levels of

disability has led to the development of a player
classification system.
The basic playing skills of shooting, passing and

dribbling are fundamentally the same in both versions of the

game (Skillen, 1983). However, in the wheelchair game the
original skills are slightly = ified, as the players are
positioned 1lower, and the propulsive forces are derived

mainly from the arms and upper body. Due to the 1lower body
disability, very little if any of this force will come from
the legs. The question arises as to how skills should " be
modified in an attempt to optimize performance of physically
dif'sabled athletes. This question warrants scientific
investigation. |
Biomechanics, as one of the many sport-related
sciences, has made a significant contribution to the field
of physical education and sports. Scientific tools have been
developed and widely used in an attempt to assist athletes
and coaches striving towards better performances.
Unfortunately, despite the definite need, biomechanics has

yet to make its contribution to the continually growing area



of sports and physi&al education for the physicallly
disabled. To date, few studies have been published in which
wheeichair events are bilomechanically analyzed. The need for
such studies 1s obvious.

The author attempted to biomechanically analyze a

N

basketball-related skill as performed by wheelchair playérs,
and to compare it to the equivalenf skill as performed by
physically able, stand-up basketball players. Shooting was

chosen since 1t 1s a key skill in the game of basketball.

Mitchelson (1978) described it as the prime skill in the

game. He suggested that the remainder of offensive and
defensive skills exist only to assist or prevent s¢oring
opportunities. Also, it is 'a highly technical skill, as
athletes must devote a great deal of their time developing
consistent shooting technigue. From the many typical shots,
the one-hand set-shot from the free throw line was chosen to
be studied for the following reasons
1. The free throw is an important &spect of the game.
Hobson (1955) claimed that championships are won at the
free. throw line. Hobson explained his argument stating
that nearly one-fourth of all games played are decided
by four points or less. In each of these games a
perfect free throy record by the losing team would have
made them the winners. Even though i1t seems that Hobson

" has slightly over emphasized the 1importance of the

skill, free throws are important, and therefore deserve

biomechanical analysis.
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One hand shooting is the most common shooting technique

ro

in basketball, adopted by .almost all competitive

basketball players. The one hand set shot is the basic

shooting technique and 1its principles are consistent
-

for all one hand shots (Mitchelson, 1978).

3. The free throw line is located at a horizontal distance
of 4.37 m from the centre of the rim. Consequently; the
free throw is a mid-range shot. In the game situation,
many shots will be taken from such a range in both
stand-up and wheelchair basketball.

4. The free throw 1is always performed in a static

- position, is never defended against, and is always shot

.

from the same position on the court.

In spite of the similarity that exists between the two
versions of the skill, highly skilled stand-up basketball
players perform better than wheelchair players from the free
throw line. Numerically,,during a five year span , (1950-55),
high school players throughout the United States achieved a
65% success rate from the free throw line, N.C.A.A. pléyers
scored in 63% of their attempfs, and professﬁoﬁél athletes
shot 72% (Hobson, 1955). Today, players achieve even
slightly better results. On the other hand, in wheglchair
basketball, scoring averagés from the foul 1line range
between 45 and 55 percent (Owen,‘1982); Data from the final
roqndg of the 19871 N.W.B.A Championship showed that the‘beét

four teams achieved a 40% rate of success. _
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Several reasons could account for this discrepancy in

the .performance of fundamentally ‘the same skill, For
example, data might simply indicate that Staﬂd’up‘players
are more skilled, better trained, or better meﬁtally'
prepéred. However, it was suspected that some mechanical

factors make the execution of a free throw 1in wheelchair
basketball more difficult. These mechanical disadvantages
are probably related to either one or both of the following
factors

1.. The seated position of the athlete.

2. The physical disability of the individual.

N —
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The mechanical disadvantage that resuifé from the
lowered seated position equally affects all wheelchair
basketball players. Howe&er, the severify of the physical
disability differs from person to person, ang%thus, athletes
are subjected to varying limitations which unequally affect
their performance. Consequently, a system of classification
was developed to account for different degrees of disability

(Appendix A).

A. Statement of the Prdblem

The purpose of this study was to examine selected
- kinematic and kinetic factors in the performance of the one
hané set shot as performed by wheelchair basketball playefs
of different disability. levels, and to compare the

performance of wheelchair athletes to the performance of the
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one hand set shot executed by physically able stand-up
basketball players. hAnalysis and comparison concentrated on:
1. The trajectory of the ball,

2.. The kinetics of the shooting upper limb.

The investigator hypothesized that:
1. Wheelchair basketball players would project the ball at
" a greater angle of release and with a greater spegd of
release, and that the ball would approach the rim at a
smaller anglevof approach.

2. | Wheelchair basketball players would éenerate greater
flexion torques at the wrist joint, greater elbow
extension torgues and greater shoulder flexion torques
~than would stand up basketball players.

3. Both class II and class III wheelchair athletes would

propel the ball with a similar speed and angle of

release.
4. Class II basketball players would be required to
generate larger torgues at the wrist, elbow and

shoulder joints than would class III athletes.

B. Limitations
The following are the limitations of this study:

1. Motion occurs in three planes. This study was a
two-dimensional analysis of motion, therefore movements

out of the plane parallel to the film were not

measured.
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The accuracy ot determining segment length was limited
to the accuracy of' the Humanscale Anatomical Data

5 ability to

(DiffrientﬁiAQJQJ, and—to-the researcher
locate the proximal and distal end points of the body
segments. Other body segment parameters (segment
weight, center of mass and radius of gyration) were

estimated based on c?daver stuaies (Démpster 1955 as
cited by Winter 1979). %he accuracy of the obtained
parameters' was limited tQ the accuracy of Dempster's
coefficienfs. (
The errors inherent in | cinematographical data
acquisition and analysis were unavoidable even though
precautions were takeh to minimize perspective errors,
film graininess and distortions through the optical
elements of the recording and/or prdjécting procedures
(Appendix D). .
The accuragywof the kinetic analysis was limited to the
validity of the‘following assumptions, made for the
dérivation of the equations of motion:
a. Each segment had a fixed mass located as
~a point mass at 1its center of gravity:
b. The location of the segment center of mass
remained fixed during the movement.
c. The mass moment of inertia of each segment
about its center of masé was constant

during the movement.

d. The joints were hinge joints.



e. The discrepencies i1ntroduced by two

joint muscles were negligible,

C. Delimitations
This study was delimited in the following ways:

I, Subjects in this study were wheelchair basketball
players classified as Class II (n=10), and class I11
(n=10) wheelchair basketball players, and stand-up
basketball players (10 subjects).

< 2. The cinemafographical analysis was restricted to a two

dimensional analysis of motion in the sagittal plane.

3. A sampling freguency of 150 frames/second was utilized.
4. Right side wviews of all performances were filmed.
Cdnsequently, only right handed performances were

analyzed.

5. One shot per subject was filmed. Of the filmed:  shots,

only successful and close shots that hit'the rim were

analyzed.

[ 3

D. Definition of Terms

Class 11 wheelchair athletes are physically disabled

athletes who are classified as class II according to the
players classification system  of the N.W.B.A This
classification system 1s based upon the level of lesion and
the degree of disability-of wheelchdir athletes

(Appendix A).



Class 111 wheelchair athletes are physically disabled

athletes who are classified as class three according to the

N.W.B.A classification system (Appendix A).

Ball release is the first 1instance of time when contact
\ : ,

between ball and finger tips is lost.

. s
Angle of release (6r) is the angle formed by the tangent to

the ball's center oi mass pathway and the horizontal at

release.

Angle of approach (fa) is the angle formed by the tangent to

the ball's CM pathway and the horizontal at the moment the

+

lowest part of the ball reaches rim height.

Speed of release (Vr) is the instantaneous speed of the

ball's center of mass at release.

Anqular velocity (w) 1s the rate of change  of angular

displacement about a joint.

Angular acceleration (a) is the time rate of change of

angular velocity.

Propulsive phase is the time interval during which the ball

is accelerated prior to release.
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Predicted body weight 1s the body weight of a physically

disabled athlete, plus the weight of the missing or

reduced segments.

\

AN

Torgue 1s the product of the force and 1its moment arm. A

torgue tending to generate motion in the counterclockwise
direction was defined to be positive torque, whereas a

negative torque was a torgue that acted in the clockwise

direction.

‘Segmental angles (¢,, ¢2, ¢35, ¢,) are the angles formed by

the long axis of the trunk, arm, forearm and hand

respectively, with the right-horizontal ( Figure 1).
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Figure 1: Definition of Segmental Angles.
(¢1, ¢2, ¢35, ¢.) are the angles formed by
the long axis of the trunk, arm, forearm

and hand respectively, with the right horizotal.



I11. REVIEW OF LITERATURE

Most of the information related to basketball shooting
technigue was found 1in books and manuals. Authors were
either basketball coaches, or experts 1n the area of
biomechanics. On the other hand, information about speéific

muscle torques .ppeared mainly in scientific periodicals.

A. Literature Related to the Projection of the Ball

Shooting in basketball involves the projection of. a
ball towards a horizontal rim which is located 3.05 m above
the grouﬁd. Barnes.(1972) explained tha% if the ball could
havé dropped vertically at - a 90 degfee\angle to the floor it
would héve the greatestf'chance ~of passing through the
basket. As the angle of apﬁroach is reduced the "opening" to
~he basket 1s sharply decreased. 1In other' words,a as the
anngle of approach diminishes, the probability of scoring
decreases since the margin of error. is reduced -(Hay, 1978).

The projéctéa ball 1is govérned by the force of gravity,
therefore the trajectbry of its flight follows the path of a
parabola and 1is dependent upon its speed and angle at .
rele?se.‘Theéretically, there are many possible combinatioens
of speeds and angles of release thif 'Qill result in a
successful shot. Practically, a higher aéc (which results in

a better angle of approach), demands a greater ball velocity

at release, and requires application of a larger force on

12



the ball. This in 1itself 1is.a disadvantage, since-it 1is
known‘thét it is more difficult to control a force imparted
by muscles under - strain (Causy, 1970). The action of such
muscles under strain or extreme tension 1s uncontrollable
~and unpredictable (Bunn, 1872). Furthermore, thefhigher the

arc, the more important control becomes, since any deviation

from the desired direction 1is magnified hén an object

travels further (Broer, 1973). Barnes (1972) suTmarized.this-

issue, saying that a lower trajectory allows saﬁewhat better
control of velbcity and better accuracy, but tée ball "sees”
a smaller rim opening. On the other hand, a higher
trajeétory requires increased velécity, and déﬁreases the
accuracy despite the larger apparent target. Consedguently a
compromise is required. Barnes suggested that |

...by stating that tﬁe optimum trajéctory'is that

which results in the ball entering the basket  at

the highest possible angle commensurate with the

lowest possible velocity we shall have said all
that can be said dogmatically about trajectory.

‘Coleman (1975) suggested that:

...the optimum arc will be the one which enables
the ball to enter the rim at a position as near
vertical as possible proportional to the lowest
possible velocity of release. o '

All factors considered, Mortimer (1951) suggested that

‘projection of the ball with a 58 degree angle of release, in

combination with the 'velocity necessary -to put the ball.
b} R

- ]

fo
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through the center of the basket, allows the shooter the

greatest margin of error. Sharman (1965) advocated a medium

’

arc which resulted from an angle of release between 35 a%d
45 degrees. Hartley‘aﬁd Funton (1971) suggested tHat ‘the
medium arc‘ would have some. of thé”adéantageé of both the
high and the low arc and is the one that most players should
use. However, the ;fesearchers suggested that the angle of,
release that Would‘result in a medium arc is somewhere

betwéen 55 and 60 degrees. Barnes (1972) suggested that it

is best to shoot the ball at a 45 degree angle of release.

Hay (1978) suggested that in the case of a 15' shot released
at a height of 7', an angle of release between 49 and 55

degrees is likely to provide the shooter with a greater,

chance of success than ahy angle outside this range. 1In an

experimental study, Gorton (1978) fourd <chat female

.basketball‘players shot - the ball with a mean angle of

release -of 48.94 degrees and males, 39.05 dasgrees. Hudson
(1983) found in his study that the mean angle of release
used b& a gréup of highly skilled basketball plaverz was 52

degrees and the range was 46-60 degrees.

B. Description of the One hand Set.Shot

In the preparation for the shot the feet are positioned'
behind the free throw line. The position of the feet is 5
matter.of personal preference, although most players prefer
the < foot uﬁder the shooting arm to’be slightly forwards

(Cousy, 1970). The body is slightly crouched with the knee



and hip slightly bert, the joints relaxed and the head up
directly above the mid-point between the feet (Wooden, 1980).
~ < e¢. .ow of ths shooting arm should be aligned directly
v :de:  “he ball; and should poin- tcwards the basket (Wooden
an-. Sk rman 1975). The shooting hand is positioned on the
. low back side of the ball, with the fingers evenly and
comfortably spread behind and under the ball with the palm
facing the basket (Macauley, 1971; Hartley and Funton, 1971;
Cousy, 1970). The non-shooting hand is placed on the side of
the béll and it is. usea to provide additional suppdrt,
balance’and control. The level that the ball is carried when
in the 'set position varies from player to player (Cousy,
1970). Some players initiate the movement from chest height;
while others prefer to begin the shooting action from a
higher position in front of and above their eyes.

‘The shot 1is initiated with the movement of the upper
limb into a preparatory position accomplished by shoulder
and elbow flexion. Ih the propulsive phase the knees and

hips are extended, the shoulder is flexed, the elbow 1is

extended and the wrist is flexed (Wooden, 1980; Cooper and

Siedentop, 1975% Buckley, 1962). The wrist action is & wital
part of bofh the power and guiding action of the shot. As
the wrist snaps and flexes forward, dowéward and 'slightiy
inward, additional force is dgveloéed (Macauly, 19771;
Hartley and Funton, 1871). The wrist action provides major
controi for the application of force on the ball (Buckley,

1962). It is assisted in varying degrees by the fingers and

7
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fingér tips that pass under the ball and 1impart backward
spin to the ball (Hartley and  Funton, 1971). The
non-shooting hand supports the ball during "its upward
w. i lon, but it loses contact with the ball prior to the
moment of release and ﬁhus the impetus to the ball 1is
transmitted solely by the shooting hénd (Cousy, 1970).
Following the release~ the shooting hand should follow
through towards the basket. Hartley and Funton suggested the
wrist be left in a‘snapped position out in front of the-
head. The elbqw should be kept relatively straight but not

stiff.

C. Shoéting in Wheel;hair Basketball

Owen (1982) suggested that Ehe one hand push shot (set
shot) is the most commonly used shot 1in wheelchair
basketball. Skillen (1983) - emphasized that élthough most
players automatically start Shooting with two hands to
compensate for the lack of power from the lower extremity,
the proper one hand set shot should be taught, énd the two

hand shooting technigue should be discouraged.

Description of the Wheelchaired One Hand Set Shot

For a proper execution of the one hand set shot the

0.

" whee.chair should be pointed at the Basket (Owen 1982). Body

balance should be maintained and " the head and the trunk

shou be kept as straight and erect as possible. During

7

/péeparation for the shot, the elbow of the shootiﬁg arm
o ; ’

o



should be directly under the ball, pointing towards the
basket. The wrist should be cocked and the ball resting on
the fingers which are comfortably spread wunder and behind
the ball (Owen, 1982; Shavor, 1981).

The shooting action should be smooth and seguential
(Skillen, 1983). As it starts the shoulder is flexed and the
elbow is extended witb‘thé forgarm moving forward away from
the body and downward. The wrist and fingers are snapped and
add power to the shot. A complete and even exaggerated
follow through'is suggested (Owen, 1982).

The shot should not be modified unless the athletes
physical disability prevents executibn along this line
{(Skillen, 1983). Considering the angle of release, Owen
(1982) suggested that it is important to use enough arc on
the ball since wheelchair players )shoot the ball from a
position two to six  feet lower than able-bodied players.
Owen suggested that wheelchair players should use a minimum

angle of release of 45 degrees.

ﬁ. Literature Related to the Study of Segmental Contributidn

Efforts “to further understand the mechanical basis of
skilled motor performance have ledvresearchers to guestion
the role of individual body segment, or more accurately, the
contribution of muscles acting upon a specific Joint. Two
methods have been developed to approach the prob’em. The
first is based upon joint immobilization and measurement of

external performance; while the second invplves computation



18

of the internal muscle forces and tordues responsible for

the performance (Miller, 1980).

The Joint }mmobilization Technique

When the joint immobilization method 1is wused, the
subject 'xecutes a given “skill and the «criterion of
-performance is recorded. The individual is then restrained
in some way in an attempt to eliminate the influence of
movement at a particular Jjoint dr joints. Under these
conditions the subject attempts to perform the original
skill. Decrement iﬁ the value of the pefformance . criterion
1s takén to be an index of the role of the immobiliéed
segment (Miller, 1980i.

The Jjoint immobilization technique was employed by .
different researchers wﬁo.studied segmental contribution 1in
several skills. Luhtanen and Komi (1978) and Payne et al.
(1968) studied the contribution of different segments 1in
vertical Jjumping. Broer and Zernicke (1979), Hoshikawa and
Toyoshima (1976) and Toyoshima et al. (1974) 1investigated
thfowing performance. Lanaue (1936, as cited by Miller,
1980) used the immobilization  method  to study the
chtiibution of different ségments in spfing goard diving,
and D;vis and Blanksby (1976, as cited by Miller, 1980)

immobilized  segments to study their contributions in

bowling.
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The Resultant Muscle Torques Technique

The second method focuses upon resultant muscle torques
and thus requires kinetic analysis (Miller, 1980).

Kinetics is that section of dynamics concerned with the
forces'initiating and altering motion (Miller and Nelson,
1973). Using ’kihetic. analysis, one tries. to relate
observable configurations or.motions of+ the body to the
'}forces which must be actiné in order to maintain those
Ttonfigﬁ?ations or produce those motions (Andrews, 1974).
Such an analysis 1is considered to be tﬁe highest level of
mechanical analysis and holds the greatest promise for
increasing our wunderstanding of the.intricacies of human
motion (Miller and Nelson, }973).

Traditionally, kinetic analysis was oversimpliplified,
and the athlete was treated as a particle (Miller and
Nelson, 1973). More recently, mathematical models of varying
sophistitation have been deveiopéd and used in conjuﬁction
with other measurement tools, aﬁd have provided a fruitful
approach to the gquantitative assessment of human ‘motion
(Miller and Nelson, 1973).

Kinetic énalysis is based ubon, seven essential steps
V(Plagenhoef, 1966) : _

1. Determination of segment length
2. Determination of segment weight
3. Determination of segment CM location, and length of

radips of gyration

4, Motion photography
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5. Motion.tracing
6. Determination of instantaneous linear and angular
velocities and accelérations of each ségment along the

time interval to be studied .

7. Determination of joint forces and resultant muscle
torques.

The first four steps are cgncerned with estimation of
body segment parameters. Several methods have been proposed
and wused 1in the past for the determination of body segment
parameters’ ' (Dempster, 1955; Barter, 1957; Witsett, 1963;
Hanavan, 1964; Clauser, 1969; Jenhsen, 1976: Hatze, 1980). As
yet, no single€ technigue has ‘gainéd universal accepfance
(Miller and Nelson, 1973). |

Of all segmental properties required for kinetic
analysis, it is most difficult to estimate the moment of
inertia. Miller (1980) suggested that in many s£udies this
parameter is calculated based upon segmental mass and radius
of gyration. The radius af gyration 1s approximated as a
function of segmeht length.

In steps 5 and 6‘ cinematography and data reduction
techniques are wused to obtain kinematic parametefs of the
berformance through the use of motion-picture analysis
(Miller and Nelson, 1975?/gorthrip et al., 1983).°

In the final stép, all the parameters obtained from the
preliminary stages (step 1—6) are used in the equations of

motion for the ultimate determination of Jjoint forces and

muscle torques. For this purpose, body segments are

o
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realistically idéalized as rigid bodies (Andrews, 1974).
Andrews explained that the bony internal structure of any
anatomical segment conforms closely to the idealization of a
rigid body. The surrounding ‘tissues, although defogmablé,
usually undergé relatively . small changes 1in size and/or
shape during‘segment mofion. These factors, coupled with the

tthematical simplicity associated with the dynamic analysis

rigid bodies, as opposed to deformable bodies, have been

w7 to dustil, the representation of body segments as rigid

<

s the purpose of biomechanical kinetic analysis.

Sae uat. °s of motion used for the kinetic analysis
ar »ha.~c on eithe - force-mass-acceleration relationships,
work ¢ - gy pr ciples, ,or the impulse momentum relationship

(Miller and Nel_.n, 1€73).
Kinetic Analysis Studies of Sports Performance i

Fenn (1930) pioneered kihetic description of air phase
locomotion. Elfman 67940X'/expanded upon Fenn's effort by
studying the muscle momeﬁgg generated about different joints
during ‘running. The researcher reported 4.5 Kgm maximum
shoulder extension torgue, 2.3 Kgm maximum elbow flexion
torQue, 2.6 Kgm maximum elbow extension torqde, 14:& Kgm
maximum hip flexion torque, 11.1 Kgm maximum hip extension
.torgue, 19.7 Kgm maximum knee flexion torque, 10.0 Kgm
'maximum knee extension torque, 18.2 Kgm maximum ankle

extension torque and 13.5 Kgm maximum ankle flexion torque.

- Plagenhoef (1968a) presented two computer programs for
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kinetic analysisf‘Plagenhoef”(1968b) used his programs tc
study the moments ot force generated at Ithe lower
extremities during running {(two subjects at 5.8 m/s pace).
Plagenhoef reported max 1mum hip flexion torgques of
approximately 810 Nm. Dillman (1971) studied the kinetics of
the lower 1limb during the recovery phase in running. Five
highly skilled runners were subjects in this study (average
velocity 9.2 m/s). Dillman reported maximum hip flexion
torqgues of 392 Nm . Ariel (1974) studied knee joint torques
during deep knee bends witﬂ weights. Ariel found a maximum
torgue of 250 Nm. The author didn't specify whether this was
flexion or extension torgue. Zernicke (1974), Roberts (1974)
and Zernicke and Roberts (1976, 1978) studied the relative

contribution of kicking limb segments. Average maximum hip

flexion torques were found to be 119, 120 and 271 Nm for
slow, medium and high. speed kicking velocities,
respectively. Average maximum torques of 122 Nm were

calculated for the knee extensors, and 20 Nm torgues were
calculated for the dorsi flexors at‘fhe ankle joint. This
report concentrated upon sequential patterns of torgue
’ develobment and also included a validation experiment. The
researchers found that the tecanique (two dimensional'model)
produced reasonable estimates 2f both magnitude and temporal
squching of the kinetic wvariables of 1interest. Mean
perééﬁt agreement between vertical ground reaction forces

computed from the modeling technique compared to those

"~forces simultaneously .recorded by a force platform was



greater thén 95 (Zernicke et al., 1976). Garhammer (1970)
developed a five 1link model to study net joint forces and
muscle torques during the pull ﬁhase of a snatch
weightlifting performance. Subjects 1in this study were
international caliber weightlifters. Garhammer found that
the lightest weightlifter (52 Kg) generated 250 Nm hip
extension torques and 150 Nm knee extension forques .whereas
the heaviest weightlifter generated 600 Nm hip extension
torques and 200 Nm knee extension torgues. Garhammer
validated his model by filming a similar performance on a
force platform. The researcher found that the calculated and
directly measured forces differed byvless than 10 percent
during-most of the pulling movement. Cavanagh et.al. (1977)
studied . the kinetics of 1long distgnce running using 22
outstanding athletes running on a treadmill at 5 m/s. The
investigator repdrted on maximum hip flexion torgques of oniy
25 Nm |

Mann (1981) conducted a kinetic analysis of sprinting
performance. The researcher focused -upon muscle torqgue
patterns about the anklé, knee, hip, elbow and shoulder
joints, but didn't ‘quantify maximum torque values.
Dessureault (1977) studied the kinetics of shot-putting. The
researcher compared the force and torque dévelopment
patterns of athletes of different skill levels. Analysis
concentrated. upon observation .of force-time curves, but

quantification of maximum torque values was not-presented.



Kinetic Analysis Studies on Basketball Sh. ting

Besearch in basketball shooting in th- pagt has been
primarily concentrated upon selected kinematic parameters.
Kinetic analyses of basketball shooting performances are
rare. Gorton (1978) used recorded datapfrom a forcerlatform‘
to study the horizontal and vertical ground reaction forces
exerted during the final two strides and at take-off in
asketball jump shots. No informa;ion was found on studies
that scientifigally Investigated the contribution *of
different body segments 1in bésketball shooting or in
wheelchair basketball shooting.

Values for maximum muscle torques were publﬁshedl by
Plagenhoef ‘(1971).' For basketball set shooting, Plagenhoef
reported on maximum torque values of 0.5 Kgm for shoulder
extension, 1.1 Kgm for elbow flexion, 2.7 Kgm for elbow
extension, 0.42 Kgm for wrist flexion and 0.03 for wrist
extension. For basketball jump shooting, Plagenhoef
suggested maximum torque.values cf 4.1 Kgm for shoulder
extension, 1.5 Kgm for elbow flexion, 3.0 Kgm for elbow
exténsion, 0.6 Kgm for wrist flexion and 0.25 Kgm for wrist

extension. No information was given as to the method

undertaken to approximate the reported values.



111. METHODOLOGY

....1t 0 1s vital that we realize that
instrumentation and methodology are not ends in
themselves. With equipment no more complicated
than steel balls, planks of wood and water clocks,
Gallileo performed experiments that ‘were
fundamental to our view of mechanics. In the face
of a contribution that represented so much with so

little experimental sophistication it is a
challenge to us to contribute a little with so
much.... .

(Cavanagh, 1875).

This chapter deals with the methods and techniques
undertaken to collect, reduce and analyze the data in this

study.

A. Subjects

Thirty male athletes were subjects for this study. Ten
subjects were stand-up basketbéll playe;s, members of two
Canadian intercollegiate teams. Twenty subjects were
physically disabled wheelchair basketball players. Among the
wheelchair athletes 10 subjects were classified aé class II
athletes, and the femainder (n=10) were class III physically

disabled wheelghair basketball players.

B. Data Colléction - . /

A photo Sonics 1PL 16 mm pin registered camera was
positioned on a tripod 18 meters from the performer, with

its optical axis perpendicular to the plane of action. The
1
25 |
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camera was loaded with Kodak 7250 film (ASA 400) and was set
to operate at 150 frames perﬂsecond Lor ali trials. The
~camera was operated with a shutter angle of 45 degrees and
with an exposure time of 1/1200 second. Frame rate was
calibrated usingga Photo Sonics electronic internal timing
light generator atu a. frequency of 10 Hz. Filming sessions
were conducted on four different occasioné. Performances of
wheélchair free . throws were filmed during the half time
intermissions and between games in two international
wheelchair basketball tourﬁaments, whereas performances of
stand-up free throws were filmed during practice sessions of
the University of Alberta and University of Victoria
intercollegiate basketball teams. Prior to each filming
session, a jeferenée measure 1 meter long was filmed. The
ratio between ‘the projected image size and the actual size

of this measure was the conversion factor used to change

film measurements to real life dimensions.

C. Data Redu;tion

Film analysis was accomplished through the ‘use of an
electronic digitizing system. The film was projected onto’a\‘
Bendix Digitizing Board- by a Triad pin registered film
analyzer. Body segment enqppoints as well as five.points on
the circumference of the ball were digitized and stsred on
maénetic tapes through the.use of the Hewlett Packard 9864A

"Digitizer and Hewlett Packard 9825B micro computer. The film

analyzerv was levelled and positioned perpendicular to'the



digitizihg surface in order to assure proper film alignment,
The Human Scale. Anatomical data (Diffrient, 1978) was used
as a guidelins to locate segment end points for digitizing

4
purposes.

D. Data Analysis

Data obtained frbm the film consisted of X, Y position
coordinates. Since there is always a certain dqgree of\grrof
associated with the data reduction procedure,/ﬁhg rawA\Bata

' . \./
were smoothed using. second order Butterworth digital

filtéring technique Cut-off frequenciés of 10, 10, 12, 15,

15 Hz were used to smooth the raw data of the distal trunk,

proximal arm, proximal forearm, , proximal hand and distal
. oy

hand, respectivelv. Data from the ball-hand contact point

were smoothed with a 15 Hz cut-off frequency, and the X, ¥

cartesian coordinates "of the calculated centet of mass of

the ball were smoothed. using a 10 Hz cut-off frequency

/(Patrick et al., 1980). .

>

Calculation of Distances, Angles, Velocities and

Accelerations of Body Segments . s

Kinematic parameters were calculated from smoothed X, V

cartesian coordinates.

Segméntai angles were formed by the long axis of each

segment and the right horizontal, and calculated as follows

(Winter, 1979)

.
>
. °

Ty



Yd- v
83 = arctan —- )
VAl '
where:
¢j = segmental angle for segment j
Xp , Yp = cartesian coordinates of the proximal
end point of segment j
Xd , Yd = cartesian coordinates of the distal

end point of segment j

Linear and angular accelerations were calculated ‘using

central differences (Miller and Nelson, 1973).

Xivg = 2X; + X,
dy; =
(t)?
, Yoy = 2Y, + Y, _,
a,; =
X (t)?
Qi1 T 20, t 9,
N a; =
(t)?2
~here:
a,; = average horizontal acceleratiocn

of a point between frames i~1 and i+1

a,; = average vertical acceleration
of a point between frames i-1 and i+1
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average angular acceleration
of a point between frames 1-1 and 1+1

time interval between adjacent frames.
segmental angle at frame 1

cartesian coordinates of a point

Calculation of Selected Kinematic Parameters of the Ball

The center of mass of the ball was approximated based

on five digitized points (Appendix B). The X,Y components of

the linear

calculated
1973). The
2

fr

where:
8r
Xr,
Xr

Yr

acceleration of the ball's center of mass were

a

Al

It

using finite differences (Miller énd Nelson,

ngle of release was found to be:

Yr,1 - YL‘
arctan -————~)

Xf,1 - XL‘

angle of release

X coordinate of ball's CM one
frame after release

X coordinate of ball's.CM at release

Y coordinate of ball's CM one
frame after release

Y cocordinate of ball CM at release
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The velocity of release was found to be:

where:

T

Velocity of release

X coordinate of ball's CM one
frame after release '

¥ coocrdinate of ball's CM one
frame prior to release

Y coordinate of ball's CM one
frame after release

VY coordinate of ball's CM one
frame prior to release

time interval between adjacent frames



The angle of approach was predicted based upon an eguation

derived by Mortimer (1951).

v

tan(6)a = tan(fr) -2h/a °
where:
fr = angle of release
ga = angle of approach

h = height of release
d = horizontal distance from the point of

release to the center of the rim

Calculation of Resultant Muscle Torques

Kinetic analysis was administered based exclusively on

biomechanics cinematography. Accelerations were obtained
from kinematic analysis. Segmental lengths were obtained
from film analysis. Predicted Body weight, was estimated

after accounting'for disproportionalities due to amputation
‘or lesion. The estimated weight of the missing segments was
added to the body weight of the amputee athletes. The body
weight of the parapleglc and post "polio disabled. athletes
was increased 22 percent to account for the atrophied
segments. (Appendix D). Segmental  weights were then
approximated as percentages of préﬁééfed body weight (Table
1). Segment centers of mass and ?géii of gyration were

approximated as percentages of segment length (Table 1), and
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moments of inertia were calculated based on segment

d radii of gyration.

17 = mj * kj

where:
1j = moment of inertié of segment j about a
transverse axis through its CM
mj = mass of segment j
kj = radius of gyration of segment 7j.
\
Table 1
Anthropometric Data - (after Dempster 1955,
.as cited by Winter 1979)
Segment Segment Center of Radius of
Weight/ Mass/ Gyration/
Body Weight Segment Length Segment Length
(from proximal (about CM)
end)
Hand .006 . .506 .297
Forearm .016 .430 .303
Arm .028 .436 .322
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For the Kkinetic analysis, the upper limb and ﬁhe ball
were represented as a system of four homogeneous rigid
bﬁdies. Each wds Eonsidered individually in a sequential
analysis which began with the ball and progressed to the
hand, forearm and arm.

The free body diagrams of the éegments (Figure 2
through figure 5) show segmental weights directed vertically
downward from their respective mass centers, joint - reaction
forces represented by horizontal and vertical components,
and the resultant muscle torque crossing each joiﬁt. The
force-mass-acceleration method of deriving the equations of-
motion for rigid bodies (Miller ané Nelson, 1973) was
employed to determine the joint reaction forces and
resultant muscle torques at. successive instances 1in .the’
movement. 4

The following equations of motion were used.

mb *x a,s = Ruu

mb * a,s = R,y - 9.81mb

my ¥ ayus = Rys = Ruuy

My * ayu = Ry3 - R'yg - 9.81mu

Iui * Qy = T3 + Rx3 * .5O6LL * Sin(180_¢3) + Ry3 * .506Lu *
cos(180-¢,) + Ry, * ( Ls - .506L,) * sin(180-¢;) + Ry, * (Ls
- .506L,) * cos(180-¢;)

My ¥ Ay3 sz Rx3

my * ay 3 RyZ - Ry3 - 9-81m3 .

Jdiz ¥ a3 = T, - T3 + Rys; * .57L3 * Sin(180'—¢2) + Ry3 * .573’L3
x cos(180-¢,) + R,, * .43L, % sin(180-¢.) + Rys; * .43L,; *
cos(180-¢,) '



Mm; * ay; R,
m: % ay: = Ryl - RYZ - .9.81m2
I: ¥ ., = T1 - Tz + sz * .564L2 * Sin(]BO_
.564L. * cos(180-¢,) + R,, * .436L, * sin(180-¢,) +
.436L2 * COS(]80_¢1) '
where:
T, = resultant muscle torque at the
T, = resultant muscle torque at the
T, = resultant muscle torgue at the
R.,. ; Rysw = X,Y components of the reactio
at the wrist joint '
R,; ; R,; = X,Y components of the reaction
at the elbow joint ‘
R.> ; R, = X,Y components of the reaction

mb;my;ms;m;

Iy;15512

Qu;Pa;02
Ly;Ls;L,
Ls

Qy ;03,0

1}

at the shoulder

4

mass of ball, hand, forearm and

arm respectively

moments of inertia of the

¢y)

R

y
R

-
Y

wrist joint

elbow joint

shoulder

force

force

force

hand forearm and arm respectively, about a

transverse axis through segment

’

"angle of the hand,forearm and
arm respectively

length of hand, fogearm and
arm respectively :

distance between ball-hand cont
and proximal hand end point

's CM

act

angular acceleration of the hand, forearm

and arm respectively

\\

y 1
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Q.s5: Q.4 @ax3; ax = horizontal acceleration of the ball,

hand
forearm and arm respectively

a,s; a,4;.a,3; a,z = vertical acceleration of the ball, hand
forearm and arm respectively



Figure 3: Free Body Diagram of the Hand
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Figure 4: Free Body Diagram of the Forearm

L 9.81m

[

Figure 5: Free Body Diagram of the Arm
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Statistical Procedures ,

The following statygstical procedure was administgred:
éne way ANOVA was used. to identify over all differences
between means. A .05 level of significanée was deemed
acceptable.

Post-ho¢ Tukey and Scheffee tests were used to-i1dentify
differences between means of the subsets under
investigation (Ferguson, 1981).‘

The above procedure was repeated éeven‘times to analyze

results of the following seven variables under

lnvestigation:

1.

angle of release

2. speed of release

3. anglé of approach

4. maximum shoulder flexion torgque

5. maximum shoulder extension torque

6. méximum elbow extension torgue

7. maximum wrist flexion torque: )
The Statistical Package for the Social Sciences (SPSS)

was used for the statistical analysis (Nie et al., 1975).
The comparison of relative contributions of different

body segments 5f different groups of athletes to the total

force applied to the ball, was based on the contribution of

the segment expressed as a percentage of the total force,.



*1V. RESULTS AND DISCUSSION

The results obtained 1in this study are presented and
discussed in this chapter. The presentation and discussion

focus upon:

A. A kinematic analysis of the trajectory
of the ball.
B. _ A kinetic analysis of the torques

responsible for the propulsive forces
imparged on the ball.
Both the kinematic and the kinetic analyses include a
comparative analysis of:
1. The performance of stand-up vs. wheelchair basketball
players.
2. The performance of <class II vs. class IIi‘wheelchair

basketball players.

A. Kinematic Analysis of the Trajectory of the Ball

Results

In this study, the trajectory of the ball was examined
first..The results are summerized in table 2.. A comparison
between ‘stand—up and wheelchéif basketball players showed
that stand-up basketball players propelled the ball towards
the basket with a significantly smaller angle of release

(P <.01) and a significantly smaller speed of release (P

39
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<.01). Stand-up basketball players released the ball with an

angle of release equal to 51.723.0 degrees, and a release
speed of 6.520.4 m/s . Wheelchair basketball players,

released the ball with an angle of release of 55.,5+2.4
degrees, and with a release speed of 7.2+.3 m/s kFigures 6,
7). | ’

Balls projected by stan. up baskétball players
"approached the rim with a slightly greater angle of approqch
(45.9+4.0 degrees)‘ than did balls projected by wheelchair
: aﬁhletes . (42.6+3.8 degrees),(Figure' 8). The difference
between the above wvalues was found significant at .05
significance level, but not at .01 signif&cance level.

A comparison between the two groups of wheeléhair
bésketé§l% players showed that both class II and class 1I1II
wheelchair basketbail players propelled the ball using
almost identical speeds of release (7.17x0.4 and 7.15+0.1
respectively) as well es-almost identical angles of release.
(55.6+2.1 and 55.6+2.8 degrees respectively), (figures 9 and
10). However, the_ balls approached the rimlwith a similar
but not identical angle of approach. Balls projected by
class II wheelchair basketball players approached thé_rim
with an angle of 42.2i3.76 degreeé,vwhereas balls projected

by «class 1II athletes aproached the rim with an.angle of

43.0+4.0 degrees (figure 11).



Table 2

The Trajectory of The Ball

Parameter - Stand-up Class II Class III
Wheelchair Wheelchair

Angle of 51.743.0 55.6%2. 1 55.6+2.8

Release (deg.) B ' _—
Speed of 6.50+0.4 7.1720.4  7.15%0.1

Release (m/sec.)

Angle of 45.9+4.0 . 42.2%3.8 43,.0+4.0
Approach (deg.)
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Class II and Class III Wheelchair Basketball Players

deg.

60 —

50 —

40 - -

Figure 11:Angle of Approach of

Class 1II and Class III Wheelchair Basketball Players
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Discussion

In this study, stahd—up basketball p}ayers shot the
ball with an angle of release of ©51.7+3.0 degrees. Among
suggested angles of release, the results of this study
support Hay (18978) who suggested that the optimum angle of
release from the free throw line lies between 49 and 54
degrees.

Wheelchair basketball players, in this study,’propelled
the ball with an angle of release of 55.5+2.5 degrees. The
results of this study disagree with Owen (1982), who
suggested that wheelchair basketball players should use a
minimum 45 deéfee angle of release.

The author of the present study suggests that
wheelchair basketball playgrs should use a minimum 50 rather.
.than 45 degree angle of release. A smaller‘angle of release
will usually result 1in an angle of approach less than 38
degrees. This will dramatically decrease the margin of error
and the probability of scoring (Hay, 1978).

The ultimate purpose in free throw shooting 1s to
increase the angle at which the ball app:' ches the rim and
thus to increase the probability of ,6scoring, commensurate
with the lowest possible velocity of reléase (Barnes, 1972).

Analysis of the trajectory of the ball revealed thaf
shots taken by both groups of wheelchair basketball players
resulted in a slightly smaller angle of approach compared to
stand-up players. A smaller approach angle yields a lesser

probability of scoring, despite the significantly greater
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»

speed and angle of release. It appeared that both class 11

and class 1111 wheelchair basketball players chose to use a

greater speed of release ahd'és a result placed 1increased
.

demands on their muscles. Nevertheless, they were unable to

achlieve a probability of scoring comparable to that achieved

?%y stand-up basketball players.

./ ~The close similarity in the trajectory of the ball for
both «class II and class 1III basketball players migﬁt
indicate that when shooting from the free throw 1line, the
increased vertical distance between the point of release and
the target for the wheelchair group 1is the main factor
responsible for a dfsadvantageous trajectory.

The minor differences that were found between the
angles of approach for the two wheelchair groups, indicated
that class II1 wheelchair athletes released the ball from a
slightiy low=r height. This might be ac.tributed to thé
smaller body segment dimensions of class 11 athleteg in this

study. .



B. Kinetic Analysis

Body Segment Parameters

Individual body segment parameters‘ﬁére estimated and
presented in Appendix C. The mean values of the groups' body
segment .parameters were summarized in table 2. Compared to
other groups in this study, Claés I1 wheelchair basketball
players had slightly shorter arms (.267 m), forearms (.261
"m) and hands (.169 m). They also had -lighter arms (2.198
Kg), forearms (1.255 Kg) and hands (.470 Kg). Consequently,
%he upper limbs of class II wheelt¢hair basketball players in
this study had smaller moments of inertia. Their arms,
forearms and hands had moments of inertia of 0165, .0078
and .0012 Kgm? respectively. .

Uppér limb segments of class III wheelchair basketball
players and stand-up basketball players in this study were
of almost identical length. Class III wheelchair athletes'
arms, forearms. and hands were .280 m, .264 m and .175 m long
respectively. Stand—up basketball players ‘had arms -.277 m.
long, forearms .265 m long and hands .175A m long.
Examination of segment weights and moments of inertia of
both groups revealed that class III basketball players in
‘this study had heavier upper limbs, énd thus Eheir upber
limbs had greater moments of inertia. Arms, forearms and
hands of class III wheelchair athletes massed 2.615, 1.491

and .550 Kg respectively, and had momgnts of inertia of

.0215, .0097 and .0015 Kgm* respectively. Arms, forearms and
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hands of stand-up basketball players massed 2.269, 1.296 and

.485 Kg respectively and had moments of inertia of .0182,

.0085 and .0013 Kgm? respectively.

Table 3

Grouped Body\Segment Parameters of Subjects

Segmenﬁ S Stand-up

Class 11
Wwheelchair

Class IiI
Wheelchair

Arm Length(m) 0.277
" Weight (Kg) 2.269
Moment of 0.0182
“Inertia{Kgm?®)
Forearm Length(m) 0.265
Weight (Kg) \ 1.296
Moment of 0.0085
Inertia(Kgm?)
Hand Length(m) 0.175
Weight (kg) 0.485
" Moment of 0.0013

Inertia(Kgm?) .

Y

OO O

0.267
2.
0.0165

1898

.261
.255
.0079

.169
.470
.0012

0.280
2.615
0.0215

0.264

—_

.491
0.0097

. 175
.550
.0015

OO O
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Results

A kinetic analysis of'individual performances, and a
statistical analysis conducted to identify differences
between means, enabled a comparison to be made between
stand-up and wheelchair basketball players, and between
class II and <class III wheelchair basketball players. The
comparison focusedfupon méan maximuh torques generated at
the shoulder, 'elbow and wrist joints of the shooting upper
limbs. The results are summerized 1in table 4.

Wheelchair basketball players in this study gene{ated
significantly greater (b <.05) maximum shoulder flexion
torques (21.2+7.3 'Nm) than did stand-up basketball players
(15.5+3.6 Nm), (Figure ?2f.

No significant difference was found between the mean
max imum shouider‘flexion torques, generated by class II and
class 1III wheelchai; basketball players (20.4 * 7.6 Nm and
22.1 = 7.3 Nm respectively), (Figure 13",

Figure 14 shows that wheelchair basketball players
generated significantly greater (p <.O1)shoulder. extension
torques (36.3i11.0 Nm) than did stand-up basketbéll players
(25.0£7.0 Nm). | |

No significaht difference was found between the mean
maximum shoulder extension torgues generated by class Il and
by class II11 wheelchair baskétball players. (36.0+13.3 Nm
and 36.5+8.8 Nm respectively), (Fiéure 15). ' »

Wheelchair basketball players generated slightly but

not significantly (p > .1), greater maximum elbow extension
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.
torgues (22.846.2 Nm) than did stand-up basketball players

(20.8+6.3 Nm), (Figure 16).

The difference between the‘ maximum elbow extension
torques generated by the two groups.of wheelchair athletes
was not significant (p > .1). Class II wheelchéir basketball
players generated maximum elbow extension torques of
20.4+4.8 Nm), whereas class 1I1I . wheelchair basketbs 11l

pPlayers generated equivalent torgues of 25.3£6.8 Nm.. (Figure

17).

Figure 18 shows that wheelchair basketball players in
this study generated significantly greater (p < .1) maximum
wrist flexion torques (8.7+2.0 Nm) than did stand-up

basketball players (7.2 + 1.6 Nm).

Among the wheelchair athletes, class III wheelchair
basketball players generated significantly (p < .05) greater
maximum wrist flexion torgues (9.6+2.0 Nm) than did class II

wheelchair basketball players (7.7+1.5 Nm), (Figure 19).



Table 4

i

Summary of Maximum Muscle Torgues (Nm)

(2}

Flexors

Muscle Stand up Class I1I Class III
Group : Wheelchair Wheelchair
Shoulder 15.5+3.6 20.4+7.6 22.127.3
Flexors

Sh-ulder 25.047.0 36.0+£13.3 36.5%8.8
Extensors -
Elbow 20.8x6.3 20~ 4x4.8 25.326.8
Extensors

Wrist 7.2£1.6 7.7+1.5 9.6%x2.0
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Figure 12: Maxi .u: Should:r Flexion Tourques Generated

by Stand-up (S) :nd Wheelchair (W) Basketball Players
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Figure 13: Maximum Shoulder Flexion Torgues Generated

by Class II and Class III Wheelchair Basketball Plajers



Nm
40

30 -

20 —

S w

Figure 14: Maximum Shoulder Extension Torques Generated

by Stand-up (S) and Wheelchair (W) Basketball Players
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Figure 15:
Maximum Shoulder Extension Torques Generated

by Class II and Class III Wheelchair Basketball Players

“

53



Nm
40 -
30 -
20 — “
1 . .
-] L v
s w

Figure 16: Maximum Elbow Extension Torques Generated

by Stand-up (S) and Wheelchair (W) Basketball Players
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Figure 17: Maximum Elbow Extension Torques Generated

by Class II and Class III Wheelchair Basketball Players
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Figure 18: Maximum Wrist Flexion Torques Generated

by Stand-up (s) and Wheelchair (W) Basketball Players
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Figure 19: Maximum Wrist Flekién Torgques Generated -

by class II and'Cléss II1 Wheelohair:Basketbali'Players
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Discusstion

Within the limitationslof this study, it was found that
wheelchair baskefball,players needed greater muscle torqgues
in order to propel the ball towaéds the basket. However, %he
increased loéd;was7not probortiénately .distributed . amongst
the muscle groups 1nvoled in the shootlng actieon.

Whe&‘the performance of wheelchair basketball players
was compared to that ‘of stand-up basketball$players,,it
appeared. that wheelchair® basxetball players developed
relatively greater shouldef flexion andﬁ;houidér extension
torgues than elbow éxtensi@n énd wrist flexion torques;
Numericélly shoulder flex1on and shoulder extension torques
developed 'by wheelchair. basketball players were greater than
those developed by st anﬁ‘up basketball,playegakby 38 and 45
. percent respect;vely, whtreas elbow extenqﬁén “uhd wrist
flekion tbrqu5§‘ dnveloped by wheelchair: basketbél’ players
were greater‘bhan those jeveloped by stand- up basketball
players by only 10 and 20 percent respectlvely )

| Based on the present study the following explanation of
.the performance of wheelchaif basketball players appeared
plausible. ” |

The set shooting_éc%ion in stapd—up basketba£1 begins
with the extension of the knee and hip joints. The ‘shguidep
of the shooting arm 1is éhen flexea and further acceierates.
the ball which  is alréady moving Ubward.. In wheelchair

basketball, the loWer 1limbs contribute very 7little if

énY£hing to the shooting action, and thus the shooting upper
19 ' .



limb is responsible for. acceleraring the ball upwards from a

stationary position.
"

1t was found iﬁ this study that wheelchair basketball
players were required to propel the ball with a greater
velocity of release and consequent}y to further accelerate
the ball during the propulsive phase. To do so, wheelchair
basketball players were required to generat- greater
resultant muscle torgues.

The data led the researcher to hypothesize that
wheelchair basketball players optimized their performance by
further overloading those muscles responsible fgr movements
of proximal segments., Thus, muscles at the shoulder joiht
generated most of the increased force-rquiﬁéd to propél the
ball, whereas the additional demands on the;élbdw extensors
and wrist flexors wege‘minimal. Such a miniﬁal increase in
force production optimized the conditlons for these muscle
groups, since they served as ultimate controllers of the
dirgction and‘the speed of the ball. ., J

A comparisor »etween the two wheelchair groups'in this
study was carriea out ‘'with the following two important
factors in mind: |
i.; Clasé 11 wheelchair basketball players in thié study

were gboth shorter and lighter than class fII‘wheelchair

basketball blayers. Class 11 wheelchair basketball

playe{s had shorter and'lighter upper limb segments, and

thereforé.‘required smalle%‘Atorqueépyto overcome the
..

iner¥ial resistance of these segments.

> “ *




2. The kinetic analysis revealed that there lwere large
individual differences among the performances of
wheelchair basketball players in this study. It appeared
that physically disabled athletes compensated
differently for their specific disability.

Given the above, it was suspected that the differences
jobserQed between <class II and class 111 wheelchair
basketbail players could be attributed to the smaller body
dimensioné of class 11 wheelchair athletes in this study,
and should not be considered as true or typical differences
between the general population of class II and claés IfI
wheelchair basketball players. To account for the different
anthropometric characteristics of the wheelchair groups in
this study, the author conducted a compariéon that fécused‘

“upon relative rather than absolute diflterences.

-

When the perfbrmance' of class I1I whéelchair athletes
was compared to that’ of‘ class 111 wheelchair basketball
players on the basis‘of relative contribution of different.
» ) body ‘segments,‘ it was found that class 1II wheeréhair
basketball playeré generatea re~'~ 1vely (greater shoﬁider
flexion and shoulder ex;enéion torgues than elbow extension
and wrist flexion torques. In other words shoulder flexion

o
and shoulder extension torques.'developed by class II

\

wheelchair basketball players‘ were 92.2 perceht and 98.8
percent respectively, of the equivalent'torques developed by
o b5} ’

‘class III wheelchair basket: .11 players. Elbow extension and

,wrisé-flexion torques of «class II wheelchair basketball . -
. > b b : ¥

A -
-~ kY
2 T !
R . . . ;1) g
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players were 80.8 percent and 80.0 percent respectively, of
the equivalent tofques developed by class 111 wheelchair
basketball players.

Assuming that the differences 1in forceagroduction due
to differences in body segment parameters were proportional
for all segments and for all subjects, 1t appeared that
‘class I1 wheelchair basketball players used their shoulder
fléxors and shoulder extensors relati&ély‘mqtg‘than class
III wheelchair basketball players. These* data f;giéct
compensation for the lack of contribution of the lower Jimbs
in the case:of class I1 wheelchair athletes, and minimal
contribution of the ldwer limbs to the performance of class
I1I wheelchair athletes. Here again, it was speculated that.
class 1II wheelchair basketbal% players' optimized their

performance so that segments located ‘further away from the

N

open end of the kinefic chaiﬁiﬁould contribute relatively
more as force producers, whereas the segménts located
towards the open end of the kinetic chéin would perform .«
under less strain. This would enable them to control the
speed and direction of the ball prior to and during release.

Research thét accoﬁnts for the differences in
individuals' body segment parameters is needed to
substantiate this theory. The resea:cher would 1like té
suggest ﬁhat futq:e studies should include larger samples to

S

acccunt or the large variation in thg“&@bserved criterion

LN e
L . BRIk
wit - ~e groups studied. However ,ithelarge within group
%@%&k

variabiiity did indicate that differeﬁt‘wheelchair athletes
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compensated differently for their physical disability and
thus attempts to generalize might 1lead towards invalid

conclusions,
!



V. SUMMARY AND CONCLUSIONS

The purpose of this study was ﬁo analyze and to comparé
the basketball shooting performance of stand-up basketball
playefs with - the basketball shooting .performance of
wheelchair . basketball piayers of two different levels of
disability. Selected kinematic and kinetic factors were
examined based exclusivély on data obtained  from
biomechénics cinematography.

Kinematic analysis concentrated upon the trajectory of
the ball. Angle of release and speed of release' were
calcuiated from  film data whereas the ball's angle of
approach was predicted using film data  and principles of

tréjectory.

Kinetic analysis concentrated _dpon resultant muscle
tofques, with an attémpt to understand thg}\role of
individual segments in the performance. Individual  body:
segment parameters were est&mated, the system was defined,
equations of motions were developed and maximum shoulder
-extension, shoulder fléxibn, elbow extehsion and wrist
"flexion torques wvere computed.

It was found 1in this study that . when compared to
stand-up players, wheelchair baskétball players projected
the Sallwtowards the basget with a gréater-speed of release

- and a higher angle of release. Nevertheléés, their shots

approached the rim with a smaller angle of approach.

61
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Wheelchailr basketball players generated greater'overall
max imum muscle torques. Specificaliy, they generated
relatively greater maximum shbulder flexion énd shoulder
- extension torques than elbow extension and wrist flexioﬁia
'thques.

Class II and class III wheelchair basketball players
used almost identical angleé of releaée ana speeds of
release. However, balls projected by class 11 wheelchair
basketball players approached ‘the rim with a slightly
smaller angle of appfoach. |

Class II and class III wheelchair basketball players in
this study generated éiﬁilar shoulder flexion and shoulder
extensibn 'torques, but class II wheelchair basketball
players generated smaller elbow extension and wrist flexion
torgues. It was suggested :that these results should be
carefully interpreted since.class I1 wheelchair athletes in
this study had shorter and lighter body seghents.

Within thé limitations of this study, the obtained
re;ults led‘to.the,following conclusions: |
1. Mechanically, it was more difficult' for yﬁeelchair
basketballv players to shoot from the free throw line
than it was for stand-up basketbéll players becausehgf;

a. The seated position necessiﬁéted~§hooting with a
higher angle of release and a gfeater speed of releaSe:-

b. Wheelchair basketball players employed greater
torgues to propel the ball towafds the basket.

2. The seated position rather than the leével of disability



was &éinly responsible for the trajectory Tof the ball
employed by wheelchair basketball players.

Différent segments of Athe shooting Qpper limb
contributed differently té the perfbrmance of class 11
and claés 111 wheelchair basketball players.

The methods employed in this study (i.e. 150 frames/sec
cinematography, followed by smoothing with joint
specific cut-off frequencies) revealed information that
was sufficiently accurate for kinetic analysis.

The model thét ‘was employed in this study yielded
maximum muscle ‘torques that were in agréemeht with the
approxiﬁated muscle itorqués reported by Plagenhoef
(1971). Conseguently, it was concluded that 1t 1is
possible. gg investigate the kinetics of .basketball
shooting using a model that includes the ball as‘an
integral segment of4the system' of rigid bodies. The
ball-hand contact point éf such a model should vary with

time,

It is recommended that:

1.

T

The distance from which free throws are shot 1n
wheelchair basketball should b#& re—evaluatedlconsidering
the mechanical factors discussed in this paper, as well
as relevant sociological and psychological factors.

As long as free throws in wheelchair basketball are shot

from the present distance, wheelchair basketball players



10.

wheelchaif athletes.

64

and coaches should 1limit their ‘éxpectations and set
realistic goals as to the rate of success one can
expect. This might avoid frustration.and help coéches in
their practice plan.

Other modifications of the game of wheelchair basketball
should also be considered ( i.e. lower baskets, smaller
basketballs or 3 attempts for 2 points from the " free
throw line ).

This study should be replicated comparing afhletes with
similar body segment parameters. |

This study shoula be replicatea, uging larger samples,

to better identify differences between means,

vSimilar studies that include all classes of wheelchair

basketball players should be conducted.
Similar studies should be conducted in which the effect

of the horizontal distance between the shooter and the

basket will be introduced as a second independent

watod
e

variable.

Similar studies should be condugted in which temporal

'patterns of torque development are investigated.

Similar studies should be conducted in which subjects
are physically able athletes who play both stand-up and

wheelchair basketball on a regular basis.

Attempts should be made to develop a method to estimate

segmental weight for paraplegic and post . polio

\ -
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U"functlonlng muscles and it places each player in one(of

“dlsablllty where there 1s a total loss of muscular functlon

71

The game of wheelchalr\basketball was flrsp played by
parapleglc veterans of world war II. By 1949 many teams
were formed and disabled athletes of all types of |
disabilities played togegher regardless of the1r
disabilities (owen, 1882). Over tlme the game became moré

competitive and the number ofgseverly disabled parapleg;c

players dramatically decreasedf'Consguently, at the 1963

annual meeting, the memher teams of the N.W.B.A voted to

'1nst1tute a player cla551f1cat10n system in an attempt to

~

encourage all dlsabled 1nd1v1duals espec1ally the severely
dlsabled to,part1c1pate; and to ensure participation of
players w1th differing levels of dlSablllty on every team
(owen, 1982 | B o g .

The player cla551f1catlon system in wheelchalr o g

s

basketball relles ‘upon a medlcal model to determine the

o ._»v)‘

three classes. The cr1ter1a for each of the classes are*as,
folows (Shaver, 1981) g ' L o

% . v A

. o e o
Class 1- Complete motor loss at T 7 or above' or~comparable“,;\- *.;i
SR B

or1g1nat1ng at or above T- 7 %54/ ' '..§<?”
, : CE .
‘5{C1ass 11‘ Complete motor loss between T- 8 through L 2 where %

’there may be useful motor power of the h1ps but‘no useful

4

motor pover of the lower extremltles. Also 1ncludeq%1n th1s, .

class are amputees wlth bi- lateral 2hip dlsart§culatlon
. é;

”*p;Class III- All other Phy51cal dlsabllltles as related to

lower extremety paraly51s or peres&s or1g1nat1ng at L- 3 or . . et

“

s s N

L /( .
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. ‘ 5
lower. All lower extremety amputees except those with
bilateral hip disarticulation.
AéCogﬁ?ng to the N.W.B.A rules, at any time no more
than threé class 111 players can be on the court, and there
‘cannot be mppé than 12 pointé'ber team on the floor.(class T
= 1 point:; ciaSs I1 = 2 points ; class III = 3 points ). In
~ international competition the players' points can total
“lge only 11. ‘
b .
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The following trigonometric principles were employed to

locate the ball's CM (figure 20)

if : AD = BD
)

and : DC L AB

i

then : The line DC will pass through the¢§§nt:g‘

o

of the circle.

similarily,

| if : FG = EG
and : GM _LEF
then : the liﬁé GM will pass throuth the centre.

!

of the circle

A , & .
Consequently, the line CD and the line GM will intersect at

the centre of the ball.

A LT3,
&
¢ .
o
i i | -
N b
\ C ¢
@ 5
figure 20:

r :
calculation of ball's center of mass.



VIII. APPENDIX C: Individual's Body Segment Parameters
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IX. APPENDIX D: Error Analysi.
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Many things may happen that can reduce the reliability
and validity of results obtained in biomechanics research

(ludson, 1983). For example, when'cinematography is used to

e

obtain records of human motion, error can_ be introduced

dur g3 data collection, data reduction and/or data analysis.

Such error might be'introduced by the measurement system,

the subjects studied, the researcher and/or tBe environment.
While the noise (error) aspect of. the obtained raw data

S : , ‘
may_not be evident in displacement parameters of motion, the

~error becomes obvious at higher order derivatives (Patrick

et ai.,'1980). Consequently, Cavanagh (1975) suggested that.

‘the area of numerical differentiation and the accompanying

ol

smoothing processes r%malned the weakest link in the chaip
of "tools used for hdﬁ%n movement analy51s. | , B}
In this study, attempts were made to minimize
controllable inaccufacies\and\to eQaluate the accuracy and
consistency of the,obtaineé.results. |
1. A frame,was»réngomly selected and then was digitizeXpgd
twiee. A Pearsen product-moment :correlation was
calculated to evaluate the.consistency of the digitized

body segmem%s end points. A high positive correlation

was found i =0.999). This representS/éEteggsbleq
consisteﬁ%%géuring the data reduction process.

2. The calculated vertical acceleration of the airborne

ball (after release), served as an indicator of the
, accuracy of the ;esultsﬁobﬁained in this study. The

calculatea acceleration of the ball was the weakestvlink

. : ‘4 N & |

e

C 3
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‘

¥

in this qudy, since 41t not only included errors due to

‘inacauratelestimation of the ball's CM, but the noise

“was magnified in the process of double differentiation:

Conseqbently,‘an evaluation of the acceleration of the

‘airborne ball against the known value of acceleration

due to the force of gravify (g=9.81 m/sec?) was -thought

to be the best indicator of accuracy for this study. It

wés_foUnd.that the calculated acceieration of the ball

. after release fluctuated between -10.1 and -171.32

m/sec?. The obtained result indicated taht the oyerali
error introduced by all perspective errors, disfortion‘

errors, digitizing inaccuracies, and errors due to

'ﬂ anbL@7€§$ferentiatjon,<Vas smaller than 15 percent. It

© class ‘I1 wlheelchair basketball players was the weakest |

was speéﬁlatéd that the calculated angles and velocities

were much more accurate since such data undergo at the

most ‘one mathematical differentiation.

S
P

‘A much less significant source of error was included in

' !
the ijlculatiOn.of body segment parameters. The \

estimated predicted body,Wéight'and segmental weight of

-

link in‘{%i§,part of the present study, since it was

difficult to estimate the weight redliced due to” the

‘_physical disébf;fty.vA subjective evaluation of the

prédicted body weight of the class II wheelchair
L J

basketball players in this study was conducted, and

consduently, it was decided that 22 percent would be

addéd to the adtuai'boay we?ght of class II wheelchair

\ : —_—




, | | &

basketball.playerS‘Tn order to obtain their predicted
body yeight. Hypothetical examination showed that the
error that might be ‘introduced by inaccurate estimation’
of predicted body weight was relatively small. It was
found that when the performance Qf class II wheéléhair
athletes in this study waé repeatedly,analyied wiph-
three different hypothetical body weights (Wi=predicted

body weight; W2=predicted body weight plu

W3=predicted body weight minus 5 Kg), the ced

. equivalent torques differed by no more than ... va.
& .
D L /

-~
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