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Abstract:

The velocity of a projected object and the accuracy of its placement are important in determining the
success of overarm throwlike motions. When performers execute an overarm throwlike motion they are
attempting to achieve a high end point linear velocity.

With the end point linear velocity being important to the success of an overarm throwlike motion, it is
of interest to know which motion, internal rotation or transverse flexion, of the arm at the shoulder
allows for a greater linear velocity to be achieved, and if a kinetic link model, can be formulated to
predict the relationship between the linear velocities of a three segment system in a wheel-axle
configuration and a lever configuration.

Twenty male subjects were randomly selected. The subjects performed internal rotation and transverse
flexion of the arm about an axis through the shoulder joint. Kinematic and kinetic data were obtained
by way of videography, electromyography, electrogoniometry and a force transducer. The statistical
tool used to compare the data was the paired t-test. Linear regression equations were also fitted to the
data.

A significant difference at p<.0Ol was present between the linear velocities, the angular velocities, and
the angular accelerations for internal rotation and transverse flexion. The end point linear velocity for
transverse flexion was significantly greater. The angular velocity and the angular acceleration for
internal rotation were significantly greater. The kinetic link model formulated did not predict the
relationship between the end point linear velocities of the two configurations.

A force-velocity relationship may explain, in part, the results of this study. Because of the small
rotational inertia of the wheel-axle configuration, the muscles internally rotating the arm may not have
been able to contract fast enough to further accelerate the upper extremity once a certain velocity was
obtained.
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ABSTRACT

The velocity of a projected object and the accuracy of
its placement are important in determining the success of
overarm throwlike motions. When performers execute an
overarm throwlike motion they are attempting to achieve a
high end point linear velocity.

With the end point linear ve1001ty being important to
the success of an overarm throwlike motion, it is of
interest to know which motion, internal rotation or
transverse flexion, of the arm at the shoulder allows for
a greater linear velocity to be achieved, and if a kinetic
link model, can be formulated to predict the relationship
between the linear velocities of a three segment system in
a wheel-axle configuration and a lever configuration.

Twenty male subjects were randomly selected. The
subjects performed internal rotation and transverse flexion
of the arm about an axis through the shoulder joint.
Kinematic and kinetic data were obtained by way of
videography, electromyography, electrogoniometry and a
force transducer. The statistical tool used to compare the
data was the paired t-test. Linear regression egquations
were also fitted to the data.

A significant difference at p<.001 was present between
the 1linear velocities, the angular velocities, and the
angular accelerations for internal rotation and transverse
flexion. The end point linear velocity for transverse
flexion was significantly greater. The angular velocity
and the angular acceleration for internal rotation were
significantly greater. The kinetic link model formulated
did not predict the relationship between the end point -
linear velocities of the two configurations. o

A force-velocity relationship may explain, in part,
the results of this study. Because of the small rotational
inertia of the wheel-axle configuration, the muscles
internally rotating the arm may not have been able to
contract fast enough to further accelerate the upper
extremity once a certain velocity was obtained.




CHAPTER 1
. INTRODUCTION

The ability to throw a ball in the strike zone with
the largest possible velocity is what mést_ oftén,
differentiates professional pitchers ffom amateursi
Likewisq, the tennis player’s aﬁility to serve the ball
into the service court with the largest possible velocity
is what sets many tennis players apart. The velqcity of a
projected object and the accuracy of its placement are both
important aspects in determining the success of the
baseball pitch and the tennis serve.

The velocity at the time of release, or moment of
impact, ﬁas been identified as being very impértant to the.
success of an overarm‘throwlike skill(Afwater, 1979, Komi
& Mero, 1985, and Ikegami, Miura, Matsui, and Hashimoto,
1979). When a performer exeputes a throwlike motion,
whether it is an overarm or a kicking motion, the performer
is attempting to achieve a high ‘end point
velocity(Kreighbaum & Barthels, 1990). Furthermore, when
executing throwlike motions, the performer ‘is trying £o

’

achieve the overall performance objective of the event,

which is to either project an object for the greatest

horizontal or vertical distance, or to project an object
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for accuracy whefe the velocity of the object enhances its
effectiveness" (Kreighbaum & Barthels, 1990 p. 600).

The term."overarm" has been defined as ‘a movement -
pattern in which the trunk laterally flexes away from the
throwing arm(Atwater, 1977). The term "throwlike", as
quoted from  Kreighbaum & .Barthels (1990), ... is
charactérized by movements used to project an object that
is allowed to lag back behind the proximal ségments that

have finished their backswings' and are now moving

forward" (p. 599). Moreover, the open kinetic link system,
represented by throwlike motions, has three

characteristics(Kreighbaum & Barthels, 1990). The three
characteristics of a kinetic link system are: (1) The
system of links has a base, or fixed end and a free, or
open, end; (2) the more massive segments arg at the
proximal, fixed end and the-less‘massive segments aré at
the free end; (3)'an external torque is applied to the base
segment to initiate the system’s motion and give the entire
system angular momentum (Kreighbaum & Barthels, 1990).
These characteristics; when executing a throwlike motion of
an open kinetic system, allow for é sequential pattern of
motion " to occur producing a large end point
velocity(Kreighbaum & Barthels, 1950). B

The ‘Pproper sequencing of motion about thé upper
extremity allows for a‘maximum'rééﬁitént linear velocity to

be achieved at the end point during the tennis
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serve(Elliott, Mafsh, and Blanksby, 1986 and Van Gheluwe &
Hebbelinck, 1983). Furthermore, proper sequencing of body
motion is important to the performance of the baseball
pitch(Atwater, 1?79).

With linear veiocity being important to the sucéess pf
overarm throwing motions, the wheel—éxle system, whereby
motion occﬁrs about a longitudinal axis, §hou1d allow'for
a dgreater linear velocity to  be achieved - than can be
achieved by the lever system, wherein motion occurs abqﬁt
an anterior/posterior axis or a medial/latérai " axis
(Kreighbaum & Barthels, 1990). However; other than the
theory presented by Kreighbaum & Barthels (1990), little
information exists on the kinetic and kinematic comparisons

of the wheel-axle and lever systems;

Theoretical Framework

It hés been hypothesized that the- segmental 1link
system.used in a wheel-axle configuration allows one to
achieve a much greater end point linear velocity than does
the same segmental system used in a lever configuration._
In a wheel-axle systen, one large base segment rotates
around its longitudinal axis and thué a smalier rotational
inertia is present (Kreighbaum & Barthéls, 1990). ‘This
hypothesis has been based on the assuﬁpﬁion that the forque
producing capabilities:of the muscles used in'eacﬁ system

were equal(Kreighbaﬁm & Barthels, 1990). A system with a
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smaller rotational inertia should display a greater angular
acceleration in response to the application ﬁf the same
amounf of torque. A larger end point velocity would thué
be achieved by way of a wheel-axle syétem becausé of a
greater angular velocity at the contact point(Kreighbaum &
Barthels, 1990). However, even though the rotationél

inertia is 1larger for the 1lever system, it also has a
larger radius Tof rotation. Therefore, if it is

hypothesized that the torque producing capabilities of the

lever system are large enough to accelerate thé larger

inertial 1lever systeﬁ so that it can achieve an angular
velocity equal to that of the wheel-~-axle system, a larger

linear velocity would be developed by the lever systen.

With the angular velocity of the lever system being equa14
to the angular velocity of the wheel-axle system, a larger
end point linear velocity would thus be achieved by the

lever system due to its larger radius of rotation.

Furthermore, Kreighbaum & Barthels(1990, pp. 611-614) used

the equation: V(wa) = r(wa)g(wa), where wa represents:the
V(1) = r(l)e(l) :
wheel-axle system and 1 represents the lever system; V

the linear velocity, r = the rédius of rotation, and ¢
the angular velocity as determined from the rotational
inertia value, to predict the advantage one éystem would

have over tﬁe other 'in terms of the end point 1linear

velocity.
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Statement of Problem

The relationship between the linea¥ velocity of a
projected object and the success achieved in overarm
throwlike motions, as expressed by Atwater (1979), Komi &
Mero (1985), and‘ Tkegami et al. (1979) is an important
one. However, little research exists on which segmental
configuration, the wheel-axle or the lever, generates a
larger linear velocity. If one sy%tém produces a
significantly greater linear velocity than the other, then
performers should find it advantageous to uée that systeﬁ
when performing certain overarm throwlike motions. Tﬁus,
the problem is to determine where differences exist between
segmental links using each system in terms of thé'angulaé
velocity, angular acceleration, and the torque each system

is able to produce about the shoulder.

Purpose of Study

The purpose of this study was twofold:” to determine
if a kinetic link model for the upper iimb as a wheel-axle
system and the upber limb as a lever systém predicts the
relationship between the linear velocities produced~by the
two systems; and to detefmine if_there is a signifiéant
differencé between the linear velocities produced at the
end points of segmental links acting in a wheel-axle and a

lever configuration.
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Internal rotation of the humerus aﬁ the glenohumerai
joint represented the wheel—axle' system; transverse
flexion ©of the humerus at the glenohumeral joint
represented the lever system. Thus, the iinear velocity of
the end point, geherated during transverse flexion of the
upper exﬁremity at the shoulder joint and during internal
rotation of the upper extremity at the shoulder joint, were

examined.

Hypotheses

Thé hypotheses for this study are stated in the null:
1. A kinetic iink model for the uéper limb as a wheel-axle
system and the upper 1limb a&as a lever éystem dqe$ not
prédict the relationship between the énd point linear
velacities produced by the two systems.. The alternative
hypothesis is that the kinetic link model fof the upper
limb as a wheel-axle system and the upper extremity as a
lever system predicts the relationship ‘between the 1linear
velocities produced by the two systems. 2. There is no
difference between the 1inear.velogities produced at the
end points of the segmental links acting in a'wheel—éxle
and a lever configuration., The alternative hypothesis is
that there is a difference between the linear -velocities
produced at the end points of the segmental links acﬁing in

a wheel-axle and a lever configuration.
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Assumptions

The following assumptions were made in regard to this

study:

1.

Videography functioning at 30 hertz and a shutter
speed of 1/1000 of a second provided an

accurate method of recording the movements 6f
subjects performing transvefse flexion and medial
rotation with no hand held‘inértia. |

Digitizing was reiiable and- accurate.

Filmdata, a software program, accurately
determined the angular acceleration of the system,
thé kinematic moment about the axis of rotation of
the'system, the_linear velocity of the end point
of the systemn.

The anthropometric data base used was appropriaté
fof the subjects.

The template used accurately determined the ﬁhree-
dimensional data to be analyzed from two
dimensional data.

Anatomicél locations were correctly‘identified.
The pectoralis major WAS at aﬁ‘equal mechanical
advantage in each system.

The anterior déltoid and the latissimus dorsi. were -

major contributors to their respective movements.
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Delimitations

The following are delimitations of this study:

1.

A total of 20 male subjects, 18 years and older
were selected for this research.

Only‘twd superficial muscles for each system
were analyzed hy way of electromyography. The
electrical activity of the -anterior deitoid and
the pectoralis major for transverse flexion and
the pectoralis major and'the latisgsimus dorsi for

internal rotation were analyzed.

Limitations

The following were identified as possible limitations

of this study:

1.

2.

The motivation of each subjéct was not controlled.
A template was neeged to determine 3-dimensional
movement from 2-dimensional recordihg. | |
The electromyogréphic data were dependent on the
positioning of the surface electrodes bhetween .
subjects.

Filming and Electromyographic data were collected -
at diffe:ent times. Thué, the‘motions of internal
rotation and transverse flexion may not have |
been exactly the same when gathéring'the data for'

these movements.
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5. The relative involvement of the number of fast and

slow twitch muscle fibers when recording the

electrical activity was not controllable and thus, -

may have influenced the-reéorded electrical

activity between subjects.

Operational Definitions

Wheel & Axle System - system where segmental rotation

Lever System -

occurs about a segment’'s
longitudinal axis and the wheel
is representéd by the next
adjoining segment(Kreighbaum &
Barthels, 1990).
system where rotation occurs about a
segment’s medial/lateral or an
anterior/posterior axis(Kreighbaum &

Barthels, 1990).

Kinematic moment - the torque which is present as

calculated by way of.time-and space

factors(Huil & Jorge, 1985).

Rotational Inertia - the resistance of a body to

angular acceleration{Kreighbaum

& Barthels, 1990).
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Offset Voltage - for an operationél amplifier, the
particular value of dc bias voltége
required at the input to produce zero
output voitage(Turner'& Gibilisco,

1891).

Significance of Study

The results of this study may lead to chapées in.the
way performers execute certain overarm throwlike motions so
that they may more effectively achieve the overall
performance objective of the skill they are' executing.
Contributions to our overall knowledge of human - body

segmental interactions may be also be achieved. From a

safety standpoint, injury prevention could also result.
The significance of variables involved in generating end
point linear velocity may further expand our knowledge of

overarm throwlike motions.
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CHAPTER 2
REVIEW OF LITERATURE

The biomechanicai factors of numerous overarm
throwlike skills have been identified. The kinetic and
kinematic data obtained from these studies have been
reviewed by researchers to help identify where improvements
can be made in individual .performances. Several
researchers have stated that the success of the skill 1is
highly dependent on the velocity of the objéct being thrown
or the velocity of the implement being used to contact an
oncoming object(Atwater, 1979, Komi & Mero, 1985, and
Ikegami, Miura, Matsui, and Hashimoto, 1979). "~ Elliott,
Marsh, and Blanksby (1986) and Van Gheluwe & Hebbelinck
(1983), have furthgr stated that for an oﬁjéct or imﬁlement
to have obtained a high linear velocity, the performer must
execute the overarm motion précisely through a séquential
movement pattern. |

The review of literature related to overarm throwlike
motions has been divided into four areas: (1) Data
Collection Methods, (2) Phases of Overarm Throwlike
Motions, (3) Kinematies of Motion, (4) Kinetics Related to

Overarm Throwlike Motions, and (5) Summary.
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" Data Collection Methods

Cinematography and Videography

Data collec;ion on overarm throwing skills has largely
been recorded through the use of high speed filﬁingh
Javelin throws have been recorded with £film rates of 200
frames per second by Komi & Mero (1985). Jobe, Tibone,
Perry, and Moynes (1983) used a camera spged of SOO.frames
per second to film baseball pitchers. Elliot, Grove,
Gibson & Thurston (1986) used film speeds of 260 and 300
frames per second with shutter speeds bf 1/2400 of a second
to analyze fastball and.curveball pitches. Elliot, Marsh,
& Planksby (1986) used a camera speed of 200 .fields per
second and a shutter speed of 1/2400 of a second when
filming tennis serves. Gregor & Pink (1985) uéed a high-
speed video camera fuhctioning at 200 fields per second to

video Tom Petranoff’s world record javelin throw.

Goniometry

Goniometry is a commonly used method for measuring
joint motion. A goniometer 1is a protractor with two
reference arms. By including a rotational transducer at
the place where the arms of the goniometer are aﬁtached, an
electronic readout can be obtained(Chaffin & Andersson,
1991a). The elgctronic readout is often recorded on a
chart strip recorder(Kreighbaum & Barthels, 1990) or more

recently on a computer through the use of spécialized
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software. An electrogoniometer or ELGON, as it is often
called, thus allows simple planar motions of body segments

to be examined (Chaffin & Andersson, 1991la).

Electromyography

Electromyographic ({EMG) analyses of ﬁusCular activity
have also been done to deterﬁine which muscles are active
during each part of a skill. Nuber, Jobe, Perry,vMoynes;
and Antonelli (1986) synchronized EMG signals with high
speed photography to gain further insight on the muscular.

activity of swimmers.

Isokinetic Dynamometer

Kinetic data were obtained by Otis, Warren, Backus,
Santner, and Mabrey (1990) through the use of a Cybex II
isokinetic dynamometer. Otis et al. (1990) used a Cybex II

isokinetic dynamometer to determine the amount of torque

produced by the muscles acting about the shoulder during
abduction, internal rotation, and extérnal rotafion. Mean
results of the dominant arm for the thirty-six subjects
tested at an angulér velocity of 48 degrees per second were
49.6, 42.4, and 26.6 Newton-meters fdr abductiop, internal
rotation, and external.rotation respectively(Otis-et at.,
1990).

Hinton (1988) and Otis et a1; (1990) both used Cybex
ITI isokinetic . dynamometers to determine the torque

production of shoulder muscles in young male baseball
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pitqhers. Hinton (1988) recorded toqués of high school
baseball pitchers performing‘internal and external rofatioﬁ
of the humerus with the arm abducted and the elbow flexed
at 90  degrees at speeds of 90 and 240 degrees per second.
At an angular velocity of 90 aegrees per second, a mean
torque of 30.7, and 18.5 foot-pounds for internal rotation
and external rotation, respectively, were measured. Mean
torque values of 22,5 and 12.2 foot-pounds for internal
rotation and external rotation,‘respecfively, were meésured
at an angﬁlar velociﬁy of 240‘degrees per second(Hinton, - .

1988).

Phagses of Overarm Throwlike Motions

Overarm throwlike motions can be divided into three
phases: preparation, acceleration; and follow-through.
The preparation phase is characterized as being highly
unique to éach individual and consists of motions that
allow the extremity to be placed in a position so that it
is ready to execute the other stages. The preparation
phase is characterized by external rotafion, abduction, and
transverse extensién of the humerus. The acceleration
stage is characterized by slight horizontal flexion and

internal rotation of the humerus. This stage ends when the

object to be propelled is released or contacted by the end
point body segment or implement. The follow-through stage

is characterized by_the continuation of horizontal flexion
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and internal rotation of the humerus. The extremity is
decelerating throughout this stage(Moynes et al., 1986, Ryu

et al., 1988, and Jobe et al., 1985).

Kinematics of Motion

Feltner & Dapena (1986), Elliot, Grove, Gibson, &
Thurston (1986), and Pappas et al. (1985) conducted studies
on the kinematics of the baseball pitch. Feltner & Dapena
(1986) concluded that, for intercollegiate varsity baseball
pitchers, the elbow’s maximum angular velocity during
extension was 2200 degrees per second shortly before
release. The mean maximum angular velocity for forearm
extension during a baseball pitch, as stated by Pappas et
al. (1985), was found to be 4,595 degrees per second.
Feltner and Dapena (1986) confirmed that a peak angular
veloeity for internal rotation at the shoulder occurred at
the instant the ball was reléased and was measured at 6100
degrees per second. Pappas et al. (1985) measured peak
average angular velocities of 6,180 degrees per second for
internal rotation of the shoulder. Hinton (1988) further
confirmed such large angular velocities at the shoulder
joint by stating that velocities over 6,000 degrees per
second have been found. Elliot et al. (1986) studied the
angular velocities of the wrist and determined maximum
wrist angular velocities to be approximately 188 dégrees

per second at time of ball release for a baseball pitch.
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Komi & ‘Mero (1987), Gregor & Pink (1985) and Ikegami
et al. " (1987) all aéreed the most important factor
influencing the performance' of the javelin throw was the
velocity of thé javelin at release. Tkegami et al. (1987)
confirmed that phere was a significant relationship between
the release velocities of the javelin and the distances
thrown. Atwater (1979) stated that Terauds (1978) found
there was a correlation of .72 between distance of the
javelin and release velocity for javelin throwers in the
1976 Olympics. The height of release and the angle of
release are also of importance for the distance the javelin
will travel and may account for the non-perfect
correlation. Furthermore, Gregor & Pink (1985) declared
that Tom Petranoff’s world record throw had one of the
highest recorded release velocities of 32.3 meters per
second. Ikegami, Miura, Matsui, and Hashimoto (1987)
stated that~the vélocity of thé total body’s center of
gravity is important‘aiso to the performance of the javelin
throw.

Whiting, Puffer, Finerman, Gregor, and Maletis (1985)
examined the kinematics of throwing by elite water polo
players. Peak extension angular velocities of the forearm
at the elbow were found to average 1,137 degrees per second
(Whiting et al., 1985).

Elliot et al. (1386b) and Elliot (1988) studied the

resultant linear velocities of the hip, shoulder, elbow,
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wrist, and racket end for.the tennis serve. Elliot (1988)
stated that there was a synchronization of the motion of
the shoulder to the end of the racket as the moment of
impact neared and that an increase in the 'resultént
velocity of each successive segment occurred until just
prior to contact with the ball. Thus, the coordination of
the.body seéments‘occurred in a sequential pattern which
has been referred to as a kinetic chain(Elliot, 1988).

Putnam (1991) completed a study on segmental
sequencing and agreed and disagreed with some of the
statements that have been made about the kinetie¢ 1link
system. Putnam. (1991) stated that the way in which
segments interact provides an explanation of the proximal-
to—distal‘séquencing pattern but that this-explanation is
too general because of the way in. which aifferent
orientations of the segments affect the sequencing. Putnam
- {(1991) agreed that the summation of speedlprinciple was a
valid means of explaining the sequential segment motion
patterns, but that the summation of force principle and the
way in which a negative thigh angulaf acceleration
positively affects a positive leg angular acceleration are
not a valid way of explaining the motion patterns thgt are.
seen. A final statement by Putnam (1991) was that it is
difficult to identify the exact roles that muscles play in
producing the proximal-to-distal sequential patterns whiéh_

are seen.
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The movement pattern for most overarm throwing
motions, as stated by Atwater (1979), takes less than one
second. Atwater (1979) further stated that the throwing
motion, from the time upward and forward motion of the arm
is initiated until the time of release, takes approximately
400 millisecondé. Pappas, Zawacki, and Sullivan (1985)
stated that for baseball pitching, the acceleration stage
occurs in approximately 50 millisecondé, the cocking stage
takes approximately 1500 milliseconds, and the follow-

through stage occurs in approximately 350 milliseconds.

Kinematic¢s Related to Overarm Throwlike Motions

Atwater (1979) stated that high velocities and
accelerations in the throwing motion may be caused by large
internal forces. Moments determined from kinematic data
have often been called kinematic moments. Hull & Jorge
(1985) defined moments derived from motion parameters as
kinematic moments and moments resulting from direct forces
as kinetic moments.. Gainor, Piotrowski, Puhl, Allen, and
Hagen (1980) stated there was an internal torque of 14,000
inch-1bs on the humerus just before ball release after
analyzing the cinematographic data. Gainor et al. (1980)

arrived at this kinematic moment value by way of recording

the angular acceleration and the rotational inertia present
during a pitching motion and then applying the formula,

T=Ia, torque = rotational inertia x angular acceleration.
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Feltner & Dapena (1986) concluded there was 110
Newton;meters‘of horizontal adductor torque on the shoulder
just‘brior to ball release. feak abduction and internal
rotational torgques on th; shoulder‘were 70 Newton-meters
and 90 Newton-meters at the instant of maximum external
rotation. Near maximumvexternal rotation of the arm at the
shoulder, a peak extension torque of 20 Ne@ton—meters about
the elbow was recorded (Feltner & Dapena, -1986). Gainor et
al. (1990) and Feltner & bapena (1986) both used kinematic
data as a way of determining their torque measurements.
Kreighbaum & Barthels (1990) stated angular acceleration is
directly related to a bodyﬁs rotational inertia as well as
a body’'s ability fo produce torque and that a larger
éngular acceleration, due to a decrease 1in rotational
ihértia or an increase in torque, or both, 'results in a
higher angular velodity. ‘Furthermore, a largér anghlar
velocity results in a larger linear velocity if the raaius
of rotation for an dbject rémains coﬁstant (linear'Velocity
= radius of rotation x angular velocity). 'However,
Kreighbaum & Bartheis (1990) further stated that if an
increase of the radius of rotation is used to achieve a
lérger linear velocify,van increase in rotational ineértia
usually results and thus a decreaée in angdlar acceleration

will be present.
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Electromyography

The electfical activity of a muscle that functions to
prodqce motion at the shouider joint haé been recorded to
determine its involvement and how it’s activity contributes
to the force producing the designated motion. ’Sevefal
researchers, including: Scheving & Pauly (1959), de Sousa
et al. (1969), and Jonsson et al. (1972), have disagreed on
whether or not the pectoralis major fgnétions to p;oduce
medial rotation at the shoulder. Scheving & Pauly (1959)
stated that there must be some resistance against medial
rotation for the pectoralis major to.function’as a medial
rotator, that is, it’may be recruited to aésist. de Sousa
et al. k1969) disagreed with thiS‘and stated that the
clavicular head of the pectoralis major is ae¢tive when
medial rotation occurs freely or against a resistance.
Jonsson et al. (1972) agreed with de Sousa et al.(1969).
The pectoralis major functions to medially rotate the
humerus while it adducts and/or flexes the
humerus(Hollinshead & Jenkins, 1981).‘ Furthermore, the
electrical activity of muscles ac;iﬂg to produce motion
ébéut ‘the. shoulder jointv has been "examined during
individual phases of overarm throwlike motions. The phases
that have been examined include. the preparatién, the
acceleration, and the foilow-through and are described

below.
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Preparation Phase

The“ preparation phase of the tgnnis serve, which
begins with the initiation of motion, ends when the serving
shoulder reaches maximum external roﬁation (Moynes et al.,
1986). In the pfeparation phase of the tennis serve, the
biceps, supraspinatus, sefrafus anterior, and suhscapularis
all showed moderate activity (Moynes et al., 1986). Ryu et
al. (1988) stated that the infraspinatus was also
moderately active in the prepa;ation phase.

Shoulder abduction and external rotation characterized’
the preparation phase for the baseball pitch. Jobe et al.
(1984) stated that the biceps and brachialis muscles were

moderately active during the preparation phase. Jobe et

al. (1984) also commented that the pectoralis major and
latissimus dorsi muscles bhecame active late " in the
preparation phase as éxternal rotation reached its maximum.
The deltoid showed stfong activity‘éarly in‘this stage to
abdupt the humerus. Activity of the infraspinatus, in the
preparation phase, was significant near maximum external
rotation. The biceps muscle demonstrated its largest
activity during elbow flexion in the preparation phase.
Prior to maximum external rotation, the serratus anterior
and pectoralis major showed their greatest activity (Moynes

et al. 1986).




22

Acceleration Phase

Ryu et al. (1988) stated that the pectoralis major and
subscapularis® demonstrated the' most activity, during
horizontal adduction and internal rotation of the humerus
'during the acceleration stage of the tennis serve. The
serratus anterior and latissimus dorsi had a high amount of
activity present in the acaeleration stage of the tennis
serve. The serratus anterior upwardly rotates the scapula
and the latissimus dorsi internally rotates the humerus.
Extension occurs at the elbow during the acceleration
stage. Internal rotation,of the humerus at the shoulder
characterized the acceleration stage {(Moynes et al., 1986).
Ryu et al. (1988) stated that extension of the elbow was
also present in the acceleration stage of the tennis serve.

In the acceleration stage .of the baseball pitch, Jobe
et al. (1983) fbund through the use of intramuscular
electrodes thgt the electrical activify of the deltoid,
supraspinatus, infraspinatus, teres minor, :ana
subscapularis was very small. Monyes et al. (1986) agreed
with Jobe’s et al. (1983) assessment. Jobe et al. (1984)
stated that the triceps, which initially demonstrated
activity in the cocking stage, showed high activity in the
acceleration stage and that .the pectoralis major and
latigsimus dorsi continued their activity through the
acceleration stage. Jobe et al. (1984) 'commented that

triceps activity led to elbow extension in the acceleration
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stage. Moynes et al. (1986) agreed with Jobe et al. (1984)
and stated that the action of the pectoralis major was to
horizontally flex the humerus. However, Kreighbaum &
Barthels (1990) stated that there. is little horizontal
flexion présent during ékilled throwing. Activity by the
subscapulafis and latissimus dorsi muscles céused the

humerus to medially rotate (Moynes et al. 1986).

Follow-Through Phase

The follow-through stage started after the tennis ball
had been hit and ended when the serving shoulder had
stopped internally rotating (Moynes et al., 1956). Moynes
et al. (1986) and Ryu et al. (1988) agreed there was a
moderate amount of activity demonstrafed by all the ﬁuscles
in the follow-through stage of the tennis serve. |

Jobe et al. (1984) stated that the triceps, pectoralis
major, and latissimus dorsi were all active in the follow-
through stage of the baseball pitch by way of EMG analysis.
The deltoid, supraspinatus, infraspinatus, teres minor, and‘
subscapularis muscles all showed significant activity
during the follow~-through stage (Jobe et al. 1983). Moynes
et al. (1986) stated there was activity in the deltoid,
supraspinatus, infraspinatus, and teres minor muscles. The
latissimus dorsi and biceps muscles were also active during
the follow-through (Moynes et al. 1986). Jobhe et al.
(1983), Jobe et al. (1984), and Moynes et al. (1986) all

agreed that the activity by the lateral rotators, during
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the follQWFthrough stage, was to help negatively accelerate
internal rotation of the humerus. Activity‘by the.biceps-
in this stagé was present fo decelerate the extending arm

(Jobe:et al. 1984).

Rec¢ruitment of Motor Units

As stated by Winter.(1990a), each muscle has a finite
number of motor units and each of these motor units is
innervated by a separate nerve ending. When excitation of
the motor.unit occurs, the muscle responds with an all-or-
nothing outcome. As further stated by Winter (1990&), the
electrical indication of excitation is an action potential
and the mechanical result is a twitch of tension. An
increase in tension has been shown to result from either én
increase in.the stimulation rate of the motor unit or by
the recruitment of additional motor units(Winter, 1990a).

| Motor wunits are recruited according to the size
principle. Depending on the tension needed to be achieved,
the smallest motor unit ié recruited first and the largest
motor unit is recrﬁited last. When a aec:ease in tension
is required ~ the reéruitmen£ or derecruitment pattern

proceeds in the opposite direction(Winter, 1990a).-

Signal Proéessing

Winter (1990a) stated that once the EMG signal has
been amplified it is necessary to process it with the use

of an on-line procéssing procedure. Raw EMG,data is often
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not suitable for recording or correlation with other

parameters. The following are some of the more common
types of on-line processing: (1) Half- or full-wave
rectification, (2) Linear envelope detector, (3)

Integration of the full-wave rectified signal over the
entire period of muscle contraction, (4) Integration of the
full-wave rectified signal for'a fixed time, or reset to
zero, and then the integration c¢ycle repeated, and (5)'
Integration of the full-wave rectified signal to a preset
level, or reset to zero, and then the integration
repeated(Winter, 1990h).

éhaffin & Andersson (1991b) stated: that the main
reason for recording and processing myoélectric signals in
kinesiology is to try and determine the tension that is
produced by a muscle. However, the relationship of EMG

activity to the force of a muscle has been found to depend

on sgveral factors which include; the size of the electrode
used, the proximity of the elecfrode to the muscle, the
electrical impedance, the type of electrode used (surface
vs. indwelling, bipolar vs. monopolar), the spacing between
bipolar electrodes, the state of fatigue, the muscle
temperature, the specificity of muscle tested, the
strength-training of the muscle, the musc¢le’s length, and
the speed of shortening while testing(Chaffin & Anderssoﬁ,<
1991b). Although the relationship appears to be monotonic,

in the sense that an increase in myoelectric activity has
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resulted when an increase in tension has been present, it
has been non-lineaf under many circumstances. Nonlineaf
results, that result‘in an increase in the general effectr
of the EMG/Load ratio, have been shown to be present when
the electrodes were toé large, the electrodes are placed in
close proximity to the muscle, a prolonged contraction and
resulting fatigue has been executed, and when a high speed
of shortening is used. A decrease in the general effect of
the EMG/Load ratio that has been shown to account fpr
nonlinear resﬁlts occurs when high electrode impedance is
present, tﬁe muscles temperature has been elevated, and
when a muscle has been highly strength-trained.
Furthermore, while.reasonably reproduciblé relationships
have beeh found for isometric contractions, it has.not been
the case for dynamic contractions(Chaffin & Andersson,
1991b). Chaffin & Andersson (1991b) attributed the lack of
reproducability 1in dynamic contractions to a muscle’s
length-tension relationship and also to differences in
recruitment patterns. The altefation of an electrode’s
position in terms of the location of active motor units may
also affect the signal’s amplitude(Chaffin & Anderssdn,
1991b}).

A procedure that hgs been used to minimize the errors
when using myoelectrical aétivity to determine force ié one
in which a "calibration" is done by "normalization"” of the

EMG to a single maximum reference contraction. The most -
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common method of pormalization-that has been done is to
reco;d the myoelectrical activity during one isometric
maximal voluntary contraction and express the measured
myoelectricai‘ activity ’ during subsequently recorded
activities as a percentage of the myoelectrical activity
that occurred during the isometrié maximal wvoluntary
contraction{Chaffin & Andersson, 1991b).

Bouisset (199®)l stated that relationships between
integrated surface EMG and various biomechanicai
quantities, which characterize the mechanical performance
of a muscle, do exist specifically when using surface EMG
as an index of.a muscle;s level of excitation. However,
even though surface EMG can be an appropriate index for the

level of excitation of a muscle, it appears rather

‘hazardous to associate it with a simple mechanical

significance when examining complex motor-

activities(Bouisset, 1990).

Summary

Many researchers have studied the biomechanics of
overarm motions and have concluded that linear velocity of
the end point is‘an important contributor to the success of
the performan&é. The use of cinematography or videography
is a good way of obtaining kinematic data. The angular
acceleration of a segment has been determined through the
use of c¢inematography. Kinemdtic data that is obtained

through cinematograbhy has also been used to determine
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#inetic data. High end point velocity may be achieved
through increasing muscle forces and torques.

EMG analysis can be a useful way of determining which
muscles are active duriﬁg' overarm tHrowlike motions.
However, the use of EMG as a way of defermining force or
torque production for a specific movement is limited.

Kinetic data has been obtained through the use of
isokinetic dynamometers. The Cybex II isokinetic¢
dynamometer has specifically been used to collect kinetic

data.
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.CHAPTER 3
METHODS

The procedures used in this study are presented in the
following sections: (1) Subjects, (é) Filming Procedures,
(3) Method of Calculating Predicted Vériables from the
Kinetic Link Model, (4) Electromyogréphy and
Electrogoniometry, (5) Data Retrieval Procédufes,‘and.(e)

Statistical Analysis Procedures.

Subijects

Twenty men served as subjects. The subjecfs’ ages
ranged from 18 to 50 years, with the mean age being 28
years. All subjects’ weights and heights.were recorded for
use in the Filmdata software program and for determininé
the location of each segment’s center of mass. Subjects
were randomly assigned a number that was used as a means of
identification for their test results. Written consent, by
way of a human subject form, was received,.signed,'anq
returned from all subjects before testing procedures were

conducted(See Appendix A).
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Filming Procedures

All filming was done in the Athletic Training Room at
Montana State.ﬁniversity. A Panasonic AG450 SVHS video
camera, functioning at 33.3 mm/sec. was used to film the
subjects. The shutter speed was set at 1/1000 of a second.
A filming light was used to illuminate the subjects so that
the video was clear. For all fiiming, the camera was
placed on a counter top that was ten feet from a table
where the subjecfs were positioned. For digitizing
purposes a 3/4" red adhesive dot with a 1/2" white_adhesiye
dot centered on it was placed on anatomical landmarks, as-
specified by Dempster (1955). The dots idenﬁified each
joint’s center or axis of rotation.

To film transverse flexion of the arm at the shoﬁlder,
dots were placed on the radial side of the wrist at the
midpoint of the line between the radial styloid and the
center of the pisiform bone, at a point 8 mm. above the
radiohumeral junction at the elbow, at the midregion of
palpable bony mass of the head and the tuberosities of the
huﬁerus at the shoulder, and at the most lateral point of
the iliac crest, and tﬁe greater trochanter of the femur.
For filming internal rotation of the shoulder dots were
placed on the ulnar side of the wrist at the midpoint of
the line between the radial styloid and the center of the
pisiform bone, at the olecranon process of the ulna while

the forearm was flexed to 90° at the elbow, at the midregion

~
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of palpable bony mass of the head and tuberosities of the
humerus at the shoulder, and at the most lateral point of
the i1liac crest, and the greater trochanter of the femur.

Before each subject was fTilmed performing transverse
flexion or internal rotation, a lateral view of the subject
was taken(igure 1). Two white strips of tape, .3048
meters apart, were placed on the side of the bench where
the subjects were positioned and wused as a scaling
distance. A white dot was also placed on the side of the

table and used as a reference point.

Figure 1. Lateral View of Subject.
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When filming the subjects performing internal rotation
of the humerus, all subjects were placed iIn a supine
position with their humeri maximally externally rotated and

abducted to 90°, their forearms flexed to 90° at the elbow
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and their radio-ulnar joints iIn mid position. The subjects
were Tilmed performing internal rotation of the humerus at
the shoulder from a lateral view so that the axis of
rotation, which was identified by the olecranon process of

the ulna, fTaced directly into the camera lens(Figure 2).

Figure 2. Subject During Internal Rotation.
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In order to fTilm the subjects transversely flexing
their humeri the subjects were placed in a supine position
on the bench such that their humeri were 1In a maximum
transverse extension. The subjects®™ humeri were also
abducted to 90°, their elbows were fully extended, and their
forearms supinated. The subjects were filmed performing
transverse fTlexion from a coronal view so that the

medial/lateral axis of the shoulder, which was i1dentified
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by the greater tuberosity of the humerus, faced directly

into the camera lens(Figure 3).

Figure 3. Subject During Transverse Flexion.
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After positioning the subjects for Ffilming internal
rotation, as previously described, the subjects were shown
how they were to move their upper extremity by being led
through the movement. Subjects were instructed to keep the
forearm at 90° to the upper arm throughout the movement.
The subjects were also instructed to perform the movement
as Tast as possible.

When the filming of internal rotation was finished the
subjects were positioned, as previously described, for
filming transverse fTlexion. Each subject was shown the
movement they were to perform by being led through the

movement. The subjects were instructed to keep their
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forearms extended while transversely flexing their humeri.
The subjects were further instructed to- perform the
movement as fast as possible.

After being instfucted on the motion each subject.was
to execute, internal rotation or transverse flexion, the
subjects performed an unlimited number of practice trials
to ensure they understoqd what tﬁey were to do. Subjécts
were told when they performed the movement correctly and
shown how to corfect the movement when performed
incorrectly. All gquestions they had about the movements
were answered before they performed the movement. When~
each subject was comfortable with the movemeht they were to
execute filming began. Each subjeét‘ was filmed twice
performing internal.rotation and transverse flexién.

Method of Calculating Predicted Variables
from Kinetic Link Model

Kreighbaum & Barthels (1990, pp. 611-614) predict
angular velocities in a wheel-axle system and a lever
system. This model was applied 'fo ﬁhe upper limb to
predict an end point linear velocity valde for internal
rotation‘and transve;se flexion. Each subject's weight'and'
segmental 'lengths were recorded. The length af each
segment was measured between two consecutive joint markers.
These distances which were measured in inches were
converted to meters by multiplying by .0245. The mass of

each segment was determined after calculating the subject’s
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total weight in pounds by 2.205 so that it was in
kilograms. The total weighf in kilogfams, of each subject
was multiplied by mean segment Qeights expressed as
percentages of total body weight from Plagenhoef et
al.(1983). The center of gravity location for each segment
was then calculated by multiplying the 1length of the
segment specified by segmental center of gravity locations
expressed as percentages of segment lengths méasured from
the proximal ends(Plagenhoef eﬁ al;, 1983).

The equation, Icg = 1/2Mr’ was used for determining the
rotational inertia of a segment, about its own center of
gravity for each segment in each system. The radius of
rotation for the center of gravity of the arm, forearm, and
hand in the lever system were calculated by multiplying the
distance measured between the markers by segmental center
of gravity locations expressed as pefcentages of segmental
lengths from Plagenhoef et al. (1983). This same procedure
was used for the forearm and hand in the wheel-axle system.
However, for the arm in the wheel-axle s&stem, the radius
of rotation for the center of gravity was identified as
being negligible because rotation of the arm occurred about
the long axis of the humerus. The mass of each segment Qas
determined as a percent of total body weight from
Plagenhoef et al. (1983).

From the previous calculations, the rotational inertia

of each segment was calculated using the equation I=Zmr® +
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Icg. The radius of rotation of the arm in the wheel-axle
system was treated as zero because rotation occurred about
its long axis. The rotational inertia present in each
system was calculated by adding each individual segment’s
rotatiénal inertia. |

Each system’s radius of rotation was calculated by
adding the lengths of each segment in the system. The end
point of lever system_was identified by the marker on the
radial side of the wrist at the midpoint of the 1line
between the radial styloid and the eenter of the pisiform.
The end point of the wheél—axle system was identified by
the mérkef on the ulnar side of the wrist at the midpoint
of phe line between'the radial stquid and the center of
the pisiform.

A predicted linear velocity for each system was
calculated by the usé of two ratios: (1) a radius of
rotation ratio, r(l) , where r(l) is the radius of rotation
of the lever sysgéxa;nd r(wa) is the radius of rotation of
the wheel-axle system and, (2) a rotational inertia ratio,
W-A Ta, where W-A Ia is the rotational inertia of thé
Lever Ia ‘
wheel-axle system and Lever Ia is the rotational inertia of
the lever system. A predicted linear velocity was obtained
by the equation V = rg, where r is the radius of rotaﬁion

ratio of the systems and ¢ is the rotational inertia ratio

of the systems. The two ratios, the radius of rotation and
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the rotational inertia, were thus used to represent r and

® respectively(Appendix B).

Blectromyography and Electrogoniometry

All electromyographic testing was done in the
Neurophysiology Lab in Lewis Hall at qutana State
University. Bipolar silver surface electfodes were used to
detect the electrical activity of theypectoralis major and
anterior deltoid muscles during transverse flexion and the
electrical activity of the pectoralis major and latissimus
dorsi muscles during internal rotation. To lower the
electrical impedance of the skin, a saline paste was placed
on the electrode and the skin. - A ground electrode was
placed on the subject’s néndominant wrist. Signals were
fed to a. Grass Instruments P5 Series A.C. Preamplifier
where they were filtered at a low frequency of 30 Hz and a.
high frequency of 3 kHz and amplified 500 times. The
signals were then fed to an Analog to Digital Converter,
functioning at a sampling rate of 68 kHz, and were
displayed with the wuse of an RC Electronics Iﬁc.
Computerscope ISC-16 software program on an IBM PC.

All subjects were placed in'tﬁe same positions for
internal foiatibn and transverse flexion as they were when
being filmed. However, for' internal rotation of the
shoulder eaéh éubject's upper arm was positioned on a

platform, which functioned to stabilize the'upper arm and
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keep one Ilever arm of the electrogoniometer stationary.
Attached to the platform was a vertical column that
prevented the upper arm from being adducted as the subjects

internally rotated their humeri(Figure 4).

Figure 4. Platform Used to Stablize Subject®s Extremity
During Internal Rotation.
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Along with the surface electrodes, an
electrogoniometer was attached to the subjects so that the
axis of the goniometer was aligned with the axis of the
system being tested. The electrogoniometer was positioned

on the subject with velcro straps and tape(Figures 5 & 6).
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Figure 5. Subject Executing Internal Rotation During

Electromyography Testing.
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Figure 6. Subject Executing Transverse Flexion
Electromyography Testing.
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To ensure that the eiec;rogoniometer recorded phe
ﬁotion 6f the system throdgh its full range of motion, the
segment peing tested wés moved through its complete range
of motion while the electrical activity of the
electrogoniometer was monitored on an Tektronix
Oscilloscope. The output from the electrogoniometer was
then fed to an Analog to Digital Converter and to an RC
Electronics Inc. Computerscope software program. After phe
electrogoniometer and'.the‘ electrodes were positionéd
'correctly, each subject was then'instfucted to perform the
movement appropriate'to tﬁe system being tested. Data from
the electrodes and the electrogoniometer were saved on the

computer for analysis.

Data Retrieval Procedures

Video

The video tape was projected onto a rear projection,
glass digitizing tablet by way of é Panasonic VCR, which
allowed for still advancement of the video tape, and a VCR
projector. A Sonar Graph‘Pen was used tb digitize thé
reference points and the points of intérest for each
systen. Every third still aanﬂcéd view was digitized.
Digitizing of the subject began 21 still advance views
before the subject began to .execute each motion and ended

21 still advance views after the subject stopped the
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designated motion. This was done to accommodaté the
smoothing procedures of the combufer program.

- 'It was determined that two measurements per subject
for each system be obtained and a mean value of the
kinematic and kinetic val&es—éf interest be calculated.
Thus, a total of four digitiiéd sets of daté, two for
intefnal rotation and two for transQerse flexion, were
calculated for each supject;

Aftef proje&ting the lateral view of the’sﬁbject on
the digitizing _tablet two templates wefe made. One
congisfed of the subject’s radiohumeral joint and greater
tuberosity. - The second consisted of the éubject“s greater
tuberosity, iliac, and greater trochanter. The coronal
view of the subject performing transverse flexion was then
projected on the digitizing tablet; The sppt representing
the greater tubercle of the humerus on the template, which
consisted of the greater tubercle, the iliac crest, and the
greater trochanter, was then posifioned so that it was in
accordance with the dgreater tubercle‘of the humerus from
the projected image(Figufe 7). Points digitized weré the
reference point, the radial styloid, the radiohumeral
joint, the greater tubercle, the iliac, .and the greater

trochanter.
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Figure 7. Body Points Digitized During Transverse Flexion
with Template.
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To digitize the subjects executing internal rotation,
the view of each subject iIn external rotation was projected
on the digitizing tablet. The two individual templates
were then combined so that the points identifying the
greater tubercle were connected. These two templates were

combined so that the greater tuberosity was represented as
one spot to be digitized. The template was then positioned
such that the olecranon process of the template matched
with the olecranon process of the projected image(Figure
8). The spots that were digitized for internal rotation
were the head of the ulna, the olecranon, the greater

tubercle, the iliac, and the greater trochanter.
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Figure 8. Body Points Digitized During Internal Rotation
with Template.
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When the projected axis of the system being digitized
did not align with the corresponding point of the template
the template was repositioned through the use of a plumb
line. A plumb line was used to correctly reposition the
template so that it remained horizontally true.

By using a Tectronix 4025 terminal, a Vax mainframe
computer, and a Filmdata software program, kinematic
moments and kinematic data for the wheel & axle and lever
systems were obtained. The program generated angular
displacements, velocities, and accelerations about the
shoulder joint and linear displacements, velocities, and
accelerations of the wrist. Net moments of inertia and net
forces about the shoulder were also calculated. The

angular measurements for transverse flexion were determined
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by the change in the positioh of the lateral epicondyle of
the humerus in relation to the position of the greater
tuberosity and the iliac. The éngular measuremgnts for
internal rotation were determined b; the change in the
position of the head of the wulna in relation to the
position of the olecranon and the greater tubercle. End
point linear velocity was determined from the displacement
of the head of the ulna and the styloid of the fadius for
internal rotation and transverse flexion respectively.

The time it took the end point of each system‘fo
achieve maximum linear veldcity was also caiculdtea.. This
was done by multiplying the number of frames digitized from
the beginning of the movement by the time between each
digitized frame until the end point of the system reached

maximum linear velocity.

Electromyography

EMG data were processed using the RC Electronics Inc.
Computerscope ISC-16 software package. Any offset voltage
in the EMG recordings was eliminated by adjusting the
baseline voltage to zero. The data were then full-wave
rectified at the baseline. By integrating the area under
the curve of the rectified record, an estimation of the
total electrical activity was determined. | Integrated
values, both total and mean, weré determined for the first
and second halves of the movement time. The total movement

time was divided in half to examine if a difference was
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present for the electrical activity of the muscles iIn terms
of accelerating and deccelerating levels of activity.

After performing internal rotation or transverse
flexion of the arm at the shoulder, the subjects were
placed 1iIn their respective starting positions for each
system and instructed to execute an isometric contraction.
Resistance for each 1isometric contraction was provided by
a cable that the subjects held in their hand. The cable
was positioned at 90° to the hand and followed a pulley
around where 1t was connected to a hinged beam. The other
end of the hinged beam was attached to a Grass Instruments
Force Transducer so that the applied force produced by all
of the muscles internally rotating or transversely flexing
the arm at the shoulder could be calculated(Figure 9).

Figure 9. Hinged Beam Used 1in Measuring Force During
Isometric Contraction.

Hinged Beam
(Isometric contraction force measurement)

Applied Force
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Tﬂe pulley, hinged beam, and force transducer were
attached to a plywood platform.. Twelve coﬁcrete blocks
were used to hold the platform stationary. The output
voltage from the transducer was amplified through the
‘Beckman R612 Dynograph Recorder and then fed to a data
acquisition unit, é Tekfronix’s Oscilloscope, the' RC
Electronics Inc. software prbgram and stored on a PC. The
electrical activity of the force transducer was recorded
along with the electrical activity for each muscle while.
performing the isdmetric contraction.

The magnitude of electrical activity generated during
maximal isometric tension was determined by integrating the

area under the full-wave rectified curve as previously

described. To determine when to integrate the recorded
electrical activity from the isometric contraction the
recording from the force transducer .was monitored. By
identifying when the récorded electrical activity of the
force transducer was at its greatest level the position for
processing the.recorded electrical activity of the muscles
was determined. Two cursors, one identifying thé beginpihg
of the data to be processed andlone identifying the end . of
the data to be processed, weré positioned according to when
the force transducer was at its optimal level. The time
period used to process the electrical activity of the
‘muscles during the isometric <contraction, which was

identified by the distance between the two cursors, was the
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total time taken to perform the movement as determined from
the electrogoniometer during #hé dynamic contration.

The mean‘voltages for each time period of movement
were expressed as a percentage of the value for the maximal
isometric contraction. The percentbof maximum contraction,
during the first and second halves of the‘moveﬁent, were
calculated by dividing the mean voltage values of the
dyn%mic contractions by the mean voltage values from the
isometric contraction to determine the extent to which the
muscles were approaching maximum contraction. Exact

Calculations may be seen in Appendix C.

Calibration

To calculate the force produced by a subject while
performing the isometric contraction, the oﬁtput of the
force transducer was first recorded without any force on it
to determine the offset voltage. The offset vqltdge was
then subtracted from the voltage produced during the
maximum contraction. This voltage was identified with a
corresponding force measurement. The force amount was then
multiplied by 10.60, which was the mechanical advantage of
the hinged beam(Figure 9). To this value 18.7425 pounds
was added to accommodate‘for the amount of force that was
required to balance the hinged beam. ‘The amount of force
each subject produced while performing an isometric
contraction for internal rotation and transverse flexion

was calculated(Appendix C).
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Statistical Analysis

The mean, standard deviation, and range of the
following for both the wheel-axle and lever systems were
obtained: tﬁe linear velocity of the end point of the
system, the kinematic moment about the shoulder, the
angular acceleration of the shoulder, the angular velocity
of the shoulder, the force applied‘to the transducer during
the isometric¢ contraction, the calculated radius of
rotation ratio bétween the two syStems and the calculated
rotational inertia ratio between the fwo systems.

Paired t-tests were applied to'the observed end point
linear velocities, the moments, the angular accelerations
and the angular velocities about the shoulder, and -the
isometric force measurementS«applied using the two systems.
Paired t-tests were also applied to the rotational inertia,
radius of rotation and the pre&icted linear velocities of

the wheel-axle and lever systems.

Scatter plots between the wheel-axle system and the
lever system of the following variables were made: linear

velocity, angular velocity, angular acceleratioﬁ, and

moments. In addition, the following scatter plots were

made: linear veloéity of the wheel-axle system vs. angular
velocity of the wheel-axle system, linear velocity of the

lever system vs. angular velocity of the lever system,

moment of wheel-axle system vs. angular acceleration of

wheel-axle system, moment of lever system vs. angular

o
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acceleration of lever system. Two scatter plots were
produced involving ratios, whereby the value obtained for

the wheel-axle system was divided by the value obtained for

the lever éystem: the linear velocity ratio vs. angular
velocity ratio and the moment ratio vs. angular
'acceleration rétio. Two other écatter plots were also

produced. For these two plots.the y-axis consisted of a

predicted iinear velocity ratio that was calculated by
using the equation V=rg, where r is the radius of rotation’
ratio and ¢ is the rotational inertia fatio. The radius of
rotation ratio was calculated by dividing the radius of
rotation of the lever system by the radius of rotation of
the wheel-axle system. The rotational inertia ratio was
calculated‘by dividing the rotational inertia of the wheel-
axle system by the rotational inertia of fhe 1éver system.
The four scatter ploﬁs were: the predicted‘linear vélocity
ratio vs. observed velocity ratio and the predicted
velocity ratio vs. angular velocity ratio. The observed
velocity ratio and the angular velocity ratio for these two
graphs were calculated by dividing the respective value for
the wheel-axle system by the respective value for the léver
system(Hamilton & Todd, 1991). |

After producing the scatter plots fegression analyses

were performed on each set of data. The independent value

for the 1inear“regressions was the value plotted along the
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horizontal axis while the dependent value was that which
was plotted along the verticle axis(Hamilton & Todd, 1991).

To determine if there was a significant difference
between the time it took each system to reach maximum
linear velocity a paired t-test was used. Mean, standard
deviation,,and range values were also obtained for the
different time values of each system.

The mean, standard deviation, and range of the
electrical activity of the muscles examined for internal
rotation and transverse flexion were also obtained. These
values were obtained for the first and second halves of the
motion for each system tested and included the electrical
activity of the anterior deltoid and pectoralis. major for
internal rotation and the latissimus dorsi and pectoralis
major for transverse flexion. The mean, standard
deviation, and range of the electrical activity of the
pectoralis major for intérnal fotation and for transverse_
flexion while executing the isometric contraction were also
calculated. Furthermore the mean, standard deviation, and
range values for the percent of maximum contraction that
occurred for the pectoralis major for internal rotation‘and
for transverse flexion were calculated.

A total of seven paired t-tests were executed on the
voltage values from the EMG data. Four paired t-tests were
run to determine if there was a significant difference .

between the integrated value of the electrical activity of
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the first half of the motion and the second half of the
motion for the muscles examined when performing internal
rotation and transverse flexion. To detefmine if there'was
a significant difference between the electrical activity of
the pectoralis major during tﬁe first half of each movemeﬁt
ahd the second half of each movement two paired t-tests
were run. The final paired t-test run on the EMG data was
that between the percent of maximum contraction that

occurred for pectoralis major in each system.
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CHAPTER &
RESULTS

The.results 6f this study are divided into three major
areas: (1) Anthropometrics, (2) Kinematic¢s, and

(3) Kinetics.

Anthropometrics

A total of twenty male subjects wére randomly sélected
for the testing procedures. _After the filming portion of
testing, oné-subject was excluded from further testing
because of experiencing 'shoulder diécomfort. Another
sub&ect was identified‘ and completed the. testing
procedﬁres. Subjects ranged in age from 18—56 yeafs with
a mean age of 27 vyears. Heights and weights'_for the
sﬁbjects ranged from 69-75 inches and 146-250 pounds
respectively with means of 71.5 inches and 182 pognds. Qf
the twenty subjects, sixteen were right hand dominant and
four were left hand dominant. Anthrop§metfic daﬁa.for each

subject are shown in Table 1.
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Table 1. Anthropometric Data(age, height. weight, and

dominant hand).

Age Height(inches) Weight(lbs.) Dominant Hand
22 70.0 155 Left
18 75.0 175 Right
18 74.0 198 Right
24 71.0 180 Right
23 70.0 185 Right
23 70.5 170 Right
23 73.0 172 Left
21 72.0 175 Right
26 70.0 168 Left
32 69.0 146 Right
38 70.0 165 Right
22 74.0 168 Right
50 74.0 205 Right
47 69.0 250 Right
24 71.0 185 Right
24 72.0 210 Left
23 72.0 155 Right
23 72.0 200 Right
33 71.0 170 Right
31 71.0 212 Right

Kinematics

Kinematic data obtained from digitization of the
subjects performing internal rotation and transverse
flexion are presented 1in Table 2. The mean, standard
deviation and range of the following parameters are listed;
the Ulinear velocity of the end point, and the angular
acceleration and the angular velocity of the motion at the

shoulder joint.
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Table 2. Mean, Standard Deviation, and Range of Kinematic
Data for Internal Rotatlon(w A) and Transverse.
Flexion(Lever).

Linear Velocity(Meters/Sec.)

System Mean S.D. - Range

W-A 4.371458 0.486890 5.528103-3.644659

Lever 5.719414 . 0.710052 7.019200~4.433997
Angular Acceleratlon(Degrees/Sec /Sec.)

System Mean S.D. Range

W-A 6118.00 883.438438 7791-4519

Lever 3373.15 1005.080000 6035-1685

Angular Veloc1ty(Rad1ans/Sec )

System Mean S.D. Range

W-A 14.6175 1.6466517 18.43-12.13

Lever 11.4545 2.0701932 16.00- 7.71

A paiped't tes£ Qas u%ed as the statistical tool to
analyze the data on the linear velocity of the end point,
the angular acceleration and angular velocity of each
systenm. A t-table from Thomas & Nelson (1985) was
consulted to determine if there was a significant
difference at p<.05 between the linear velocities, angular
accelerations, and angular velocities of the two systems.
In order for a signiticant difference to be present at
p<.05, with 19 degrees of freedom, a t value of 2;093 or .
greater had to have been obtained. Thé t values obtained
from the éaired t tests for comparison of the linear
velocities, angular accelerations, and aﬂgular velocities
measurement were 9.7484286, 17.8523761, and 11.9468853,
reséectively. Thus, there was a significant difference at
p<.05. between internal rotati&n(wheel—axle- system) and
transverse flexion (lever system) for these three

parameters. The maximum linear velocity of the lever
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system was larger than the maximum linear velocity of the
wheel-axle systen. However, the maximum angular
acceleration and the maximum angular velocity of the wheel-
gxle system .were larger than the haximum angular
acceleration and the maximum angular velocity of the lever
system. Table 3 lists the t values obtained from the
paired t tests performed on the maximum linear velocities
of the end point of each of the systems and the angular
accelerations and angular veiocities of the two systems.

Table 3. t Values from Paired t tests for Linear Velociﬁy,
Angular Acceleration, and Angular Velocity.

Parameter System t-value Prob < T
Linear Velocity W-A - Lever 9.7484286 .001
Angular Acceleration W-A - Lever 17.8523761 .001
Angular Velocity W-A - Lever 11.9468853 .001

Linear regression equations were determined from the
data in Figures 10, 11, and 12. To determine if a linear
relationship was present between the independent and the
dependent variables a t—statis£ic was obtained. The
dependent variable was the parameter shown on the vertical
axis while the independent variable was thé éarameter shown
on the horizontal axis for the three figures.

Figure 10 is a scatter plot of the end point linear
velocity of the wheel-axle system(internal rotation) and

the lever system(transverse flexion).
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Figure 10. Scatter Plot of the Linear Velocity of the

Wheel-Axle System(Internal Rotation) and
the Lever System(Transverse Flexion).
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The t-statistic obtained for the data in Figure 10 was
2.576. This t-statistic value 1is significant at p<.0190.
This 1i1ndicates a significant relationship 1is present
between the dependent variable, the linear velocity of the
wheel-axle system(internal rotation), and the independent
variable, the linear velocity of the lever
system(transverse fTlexion). An R-squared value of 0.2693
was also obtained. Thus 26.93% of the variability in the

linear velocity of the wheel-axle system(internal rotation)
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can be explained by the linear velocity of the lever
system(transverse flexion).

Figure 11 is a scatter plot of the angular acceleration
of the wheel-axle system(internal rotation) and the Ilever
system(transverse Tlexion).

Figure 11. Scatter Plot of the Angular Acceleration
of the Wheel-Axle System(Internal
Rotation) and the Lever System(Transverse

Flexion).
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A t-statistic value of 4.697, which is significant at
p<.0002, was obtained from the data in Figure 11. Thus a
significant linear relationship 1iIs present between the
dependent variable, the angular acceleration of the wheel-
axle system(internal rotation), and the independent
variable, the angular acceleration of the lever

system(transverse fTlexion). An R-squared value of 0.5507
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was also calculated, and expresses that 55.07% of the
variability in the angular acceleration of the wheel-axle
system(internal rotation) 1is explainable by the angular
acceleration of the lever system(transverse fTlexion).
Figure 12 is a scatter plot of the angular velocity of

the wheel-axle system(internal rotation) and the Ilever
system(transverse fTlexion).
Figure 12. Scatter Plot of the Angular Velocity of

Wheel-Axle System(Internal Rotation) and

the Lever System(Transverse Flexion).
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From the linear regression run on the data in Figure
12 a t-statistic value of 6.094 was obtained. This value
is significant at p<.0001. A linear relationship 1is thus
indicated between the dependent variable, the angular
velocity of the wheel-axle system(internal rotation), and

the independent variable, the angular velocity of the lever
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system(transverse flexion). An R-sqguared value of 0.6735
was also obtained for the data in Figure 12. Thus 67_35%
éf the variability in the'dependent_yariable, thg éngular
velocity of the wheel-axle systéem(internal rotation), can
.be explained by ﬁhe indeﬁgndent variable, the angular
velocity of the lever system(transverse flexion).

To graphically examine the linear veiocity, the
angular velocity, the moment, and the angular acceleration
achieved by the wheel-axle system(internal rotation) and
the lever system(transverse flexion) scatter plots of the
linear velocity vs. angulaf velocity.and moment vs. angular
acceleration for both' internal rotation and transverse
flexion were produced. Figure 13 and 14 are scatfer plots
of linear velocity vs. angular velocity and moment vs.
angular acceleration, respectiveiy, for internal rotation.
Figures 15 and‘16 are scatter plots of linear Velociﬁy vs.
angular velocity énd moment vs. angular acceleration,
respectively, for transverse flexion.

figure‘lB is a scatter plot of the linear velocity vs.
the angular velocity of the wheél—axle system(internal

rotation).
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Figure 13. Scatter Plot of the Linear Velocity and
the Angular Velocity of the Wheel-Axle
System(Internal Rotation).
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The t-statistic obtained for the data in Figure 13 was
2.695. This t-statistic value 1is significant at p<.0148.
This 1ndicates a significant relationship 1is present

between the dependent variable, the linear velocity of the
wheel-axle system and the independent variable, the angular
velocity of the wheel-axle system. An R-squared value of
0.2875 was also obtained. Therefore, 28.75% of the
variability in the linear velocity of the wheel-axle system
can be explained by the angular velocity of the wheel-axle

system.
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Figure 14 1is a scatter plot of the moment vs. the

angular acceleration of the wheel-axle system(internal

rotation).

Figure 14. Scatter Plot of the Moment and the Angular
Acceleration of the Wheel-Axle
System(Internal Rotation).
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From the linear regression determined for the data in
Figure 14 a t-statistic of -1.817 was obtained and a p

value of 0.0860. This t-statistic 1iIs not significant at

p<.05. Thus, at a significance level of p<.05, there is
not a linear relationship present between the dependent

variable, the moment value of the wheel-axle

system(internal rotation), and the independent variable,

the angular acceleration of the wheel-axle system(internal

rotation).
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Figure 15 is a scatter plot of the linear velocity vs.
the angular velocity of the lever system(transverse
flexion).
Figure 15. Scatter Plot of the Linear Velocity and

the Angular Velocity of the Lever
System(Transverse Flexion).
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A t-statistic of 3.820 was acquired from the linear
regression determined for the data iIn Figure 15. This
value 1is significant at p<.0013. A relationship between
the dependent variable, the linear velocity of the lever
system(transverse flexion), and the independent variable,
the angular velocity of the lever system(transverse
flexion) 1Is thus indicated. An R-squared value of 0.4478
was also obtained. Thus 44.78% of the variability in the
dependent variable, the linear velocity of the lever

system(transverse TfTlexion), is explainable by the
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independent variable, the angular velocity of the lever
system(transverse flexion).
Figure 16 1is a scatter plot of the moment vs. the
angular acceleration of the lever system{transverse

flexion).

Figure 16. Scatter Plot of the Moment and the Angular
Acceleration of the Lever System(Transverse
Flexion).

TRANSVERSE FLEXION

The linear regression run on Figure 16 produced a t-
statistic of 2.148. This t-statistic is significant at
p<.0455. A linear relationship is thus indicated between
the dependent variable and the independent variable. An R-
squared value of 0.2041 was also obtained. This R-squared
value 1indicates that 20.41% of the variability iIn the
independent variable, the moment of the lever

system(transverse flexion), can be explained by way of the
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independent variable, the angular acceleration of the lever
system(transverse flexion).

To determine if there was a significant difference at
p<.05 betweéﬁ "the rotational inertia of the wheel—axle‘
system énd the lever system a pairéd t test was run. A
paired ﬁ test'was also rﬁn to deﬁermine if there was a
significant difference, at p<.05, between thé radii of
rotations befween the wheel-axle and lever systems. A
signifiéant difference, at p<.05, was found betweén‘the
wheel-axle and lever systems for the rotational inertias
and the radii of rotations of the two systems. The‘lever
system had a significantly éreater rotational inertia and
a significantly greater,radius.of‘;otation. ‘Tabie 4 shows
the t values for the paired ;‘tests run on_the rotational‘
inertias and the radii of rotations for the two systems.
Table 4. t Values from Paired t tests between the Wheel-

Axle System’s and the Lever System’s
Rotational Inertia and Radius of Rotation.

Parameter t value Prob < T
Rotational Inertia 25.4054626 . .0001
Radius of Rotation 69.6818619 .0001

A rotational inertia ratio was calculated by dividing
the calculated rofational inertia of the lever
sYstem(tranéverse flexion) 'by the calculated rotational
inertia of the wheel-axle system‘inﬁernal rotation). A

radius of rotation ratio was calculated by dividing the
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radius of rotation of the lever system(transverse flexion)
by the radius of rotation of the wheei—axle system(internal
rotation). In order to make comparisons of the rotational
inertia ratios and the radius of rotation ratios for the
lever system(transverse flexion) and. the wheel-axlé
system{internal rotation) the mean, standard deviatioﬁ, and
range values of the ratios were calculated and are shown in
Table 5.

Table 5. Mean, Standard beviation, and Réngé of Ratios for

Rotational Inertia(W-A System/Lever System) and
Radius of Rotation(Lever System/w -A System).

Rotational Inertia . 5.3283370 .5415783 6.224552-4.380065
Radius of Rotation 2.1128431 .0769795 2.214286-1.904762

To determine if there was a significant diffefence, at
p<.05, between the predicted' linear velocitigs for the
wheel-axle systeﬁ and the lever system a paired t tést was
run. From this paired t test the wheel-axle system was
found to have a significantly greater predicted linear
velocity than the lever systemf The t valué from this
paired t test is shown in Table 6.

Table 6. t Value from Paired t test between the Predicted

Linear Veloc¢ity of the Wheel-Axle System and the
Lever Systenm.
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To graphically  examine i1f the ‘predictéd linear
velocity ratio of the wheel-axle system was greater than,
less than, or equal to the §bserved linear velocity.ratio
of the wheel-axle system a scatter plot was produced
(Figure 17). The predicted linear velocity ratio for the
wheel-axle systeﬁ was calc¢ulated by using the equation:
V(wa) = r(wale(wa), where wa represents-the wheel-axle

V(1) = 1(l)e(l)
system, and 1 represents the lever system; and V = Linear

Velocity, r = radius of rotation, and @ = angular velocity
as determinéd from the rotational inertia. Thé observed
linear velocity ratio for the wheel-axle system, or the
advantage the wheel-axle system would have over the lever
system in terms of linear velocity, was calculated by
dividing the maximum linear velocity of the end point of
the wheel~axle system(internal rotation) by the maximum
linear velocity of the_ end point of the lever
system(transverse flexion).‘ The observed lipear‘velocity

values were obtained from the film data.
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Figure 17. Scatter Plot of the Predicted Linear

Velocity Ratio and the Observed Linear
Velocity Ratio.
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The Ulinear regression equation determined Tfrom the
data in Figure 17 produced a t-statistic of 0.447. This t-
statistic is significant at p<.6601. Thus, a significant
linear relationship between the dependent variable, the
predicted Qlinear velocity ratio, and the independent
variable, the observed linear velocity ratio, was not
present at p<.05. An R-squared value of .0110 was also
determined. Thus, only 1.10% of the variability in the
predicted linear velocity ratio could be explained by the
observed linear velocity ratio.

Figure 18 iIs a scatter plot in which the moment ratios
are placed on the vertical axis and the angular

acceleration ratios are placed on the horizontal axis.
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Each ratio was calculated by dividing the value obtained
for internal rotation by the value obtained for transverse
flexion(Figure 18).
Figure 18. Scatter Plot of the Moment Ratio and the
Angular Acceleration Ratio.
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A t-statistic of .119 was obtained from the Ilinear
regression Tfitted to the data 1i1In Figure 18. This t-
statistic 1is significant at p<.9069. Thus, a significant
linear relationship was not present between the dependent
variable, the moment ratio, and the independent variable,
the angular acceleration ratio. An R-squared value of
.0008 was also obtained. Thus, only .08% of the
variability iIn the moment ratio can be explained by the

angular acceleration ratio.
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From this scatter plot it can be seen that the moment
ratios are not equal. For the moments to have been equal
a horizontal line at the momeﬁt-;étio value of 1 should
have been present. Furthermore,'it can be seen‘that except
for five observatibns the moment value of the iever system
was larger than that of the wheel-axle system. Moreover,
from this scatter plot it is bossible to visualizé‘that
although the rofational inertia of the 1lever system is
approximately five times gdgreater than the wheel-axle
system(Table 4), the angular acceleration ratio was not
five times as dreat for the wheel-axle system. The maximum
angular acceleration ratio was 2.82 times greater for the
wheel-axle system.

Figure 19 'is a scatter plot of the ratios for the
predicted linear Velocity and the angular Velbcity. The
horizontal axis represents the predicﬁed linéar velocity
ratio and the vertical axis represents the angular veiocity
ratio. The predicted linear velocity ratio was calculated
by using the equation: V(wé) = r{wa)p(wa), where wa

V(1) = r(l)e(l) _
represents the wheel-axle system and 1 represents the lever

system; V = linear velocity, r = the radius of rotation,
and ¢ = angular velbcity as determined from the rotational

inertia.
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Figure 19. Scatter Plot of the Predicted Linear Velocity
Ratio and the Angular Velocity Ratio.
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The Ilinear regression run on Figure 19 produced a t-
statistic of 0.075. This t-statistic 1Is significant at
p<.9413. A linear relationship, which was not significant
at p<.05, was thus found to exist between the dependent
variable and the independent variable. An R-squared value
of 0.0003 was also obtained. Thus, .03% of the variability
in the dependent variable, the predicted linear velocity
ratio, can be explained by the independent variable, the
angular velocity ratio.

From Table 5, it can be seen that the radius of
rotation for the wheel-axle system is approximately one
half that of the lever system and the rotational inertia of
the lever system 1is approximately Tfive times greater than

the wheel-axle system, thus the linear velocity of the
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wheel-axle system shouLd be about two and one half times
~greater than the lever system; The angular velocity ratio
for thé wheel-axle system, which‘w6uld-be needed to obtain
the predicted linear veldcity‘value of 2.5 t;meg that of

the lever systeﬁ, and the radius of rotation of the ﬁheél—
axle system being one half'that‘of‘the lever systém, should‘.
be approximately five times that of the.lever,system. It
can be seen, when referring to Figure 19, that the maximum
éngular velocity ratid for all the subjgcts for fhe wheel-
axle‘system is 1.58 times that of the lever system and
doesn’'t co?respoﬂd with "the values that are Snéeded td
obtain the predicted lineaf vélocity values of the wheel-

axle system.

To further examine the linear velocity and angular
velocity achieved by the' wheel-axle system(internal
rotation) and the lever system(transverse flexion) a
scatter plot consistiﬁg of two ratios for theée‘parametErs
was created(Figure 20).’ Repreéented on the verticai axis
in Figure 20 is a ratio consisting of the linear velocity
while the ratio of the angular velocity is represénﬁed on
the horizontal axis. Both ratios were calculated by
dividing the valué of the wheel—axlé system by theyvalue of

the lever system.
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Figure 20. Scatter Plot of the Linear Velocity Ratio
and the Angular Velocity Ratio.
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A t-statistic of 3.673 was acquired from the linear
regression run on the data for Figure 20. This value is
significant at p<.0017. A significant linear relationship
is thus present between the dependent and the independent

variables. An R-squared value of 0.4284 was also

obtained. Therefore, 42.84% of the variability of the
dependent variable, the linear velocity ratio, can be
explained by the iIndependent variable, the angular velocity
ratio.

From Table 5, i1t can be seen that the radius of rotation
for the wheel-axle system is approximately one half that of
the lever system and the rotational inertia of the lever
system is approximately five times greater than the wheel-

axle system. Thus, from the predicted calculations, the



73

linear velocity of the wheel-axle system should be about
two and one half times gfeater than the lever systemn. It
can be seen, when referring to Figure 2Q, that the maximum
angular velocity'ratio for all the subjects for the.wﬁeel-
axle system.is 1.§8ﬂtimes that of the lever system. This
does not agree with thé anguiar velocity,raﬁio fhat.shodid
be achieved by the wheel-axle systém as determined from thé
’rotational inertia calculations.‘ Furthermore, frqm Figure
20, it can be seen that the_linear Qelocity ratio does not
achieve a’value greater than 0.95. Thus ;he'wheel—axle.
sysﬁem did not achieve a two and one half ﬁimes greater
linear velocity than‘the lever system.

Thérfollowiﬁg tabié, Tabie 7, consists of @he means,
standard deviations, and ranges of the time it took the end
point of the wheel-axle system{(internal rotation) and the
1evér system(transverse flexion) to aéhieve maximum.linear
velocity.

Table 7. Mean, Standard Deviation, and Range of Time Until
Maximum Linear Velocity of the End Point of the

Wheel-Axle System{(Internal Rotation) and Lever
System(Transverse Flexion).

Systenm Mean(sec. ) S.D. (sec.) Range(sec.)
Wheel-Axle . .1737500 : ' .0348635 >.250—.125
Lever _ .2712500 .0514750 : .400-,200

To determine if there was a significant difference, at
p<.05, on the average time it took the éeénd point of each

system to achieve maximum linear velocity, a paired t test
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was run . Table 8 gives the t value that was obtained from
this paired t test.
Table 8. t Value from Paired t test on Time to Maximum
End Point Linear Velocity for the Wheel-Axle

System(Internal Rotation) and the Lever}
System(Transverse Flexion).

A significant differenée at p<.0001 was thus found
between the average time it took the end pointlof eaéh
syspem to achieve maximum linear veloéiﬁy. The lever
system was thé system'that fook the longer time to achieve
maximum linear velocity. Thus, it took 1longer for the
lever system to achieve a maximum linear velocity thét was
significantly dgreater than the maximum linear Qelocity

achieved by ;he wheel-axle system.
Kinetics

The mean, standard deviation, and range for the force,
while the subjects were executing the isometric
contraction, and the maximum moment value, as determined

from the kinematic data, are presented in Table 9.
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Table 9. Mean, Standard Deviation, and Range of Force and
Moment Values Obtained for the Wheel-Axle

System(Internal Rotation) and the Lever
System(Transverse Flegion).

Force(Kilograms) W-A  14.1765 4.014875 22.46-8.50
Lever 13.1665 3.331803 20.34-8.50
Moment (Meter-Newtons) W-A 12.4755 3.510149 18.88-6.83
Lever 14.7140 4.467962 31.23-9.32

To determine if there was a significant difference, at
p<.05, between the force and kineﬁatic moment yalues a
paired t test was executed. At 19 degrees of freedom, a t
value of 2.093 or greater needed to have heen obtained fof
a significant differenée to have existed. The t values

obtained from the paired t test run on the force and moment

values were 1.4982077 and 1.2133441 respectively. . A
significant difference, at p<.05, thus was not present for
either the force or the kinematic moment values between the
two systems. The t values obtained from the paifed t
tes;s run on .the force and kinematic moment values.between
the wheel—axleHSQStgm and lever system are shown in

Table "10.

Table 10. t Values from Paired t tests of Force and Moment
Values for the Wheel-Axle and Lever Systems.

Force W-A -~ Levef 1.4982077 .2637
Moment W~-A - Lever 1.8449013 0807
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To graphically examine the kinematic moment values
from internal rotation and transverse flexion, a scatter
plot was created(Figure 21). The vertical axis represents
the kinematic moment values for internal rotation? the
kinematic moment values for transverse flexion are
represented on the horizontal axis.
Figure 21. Scatter Plot of the Moment of the Wheel-Axle

System(Internal Rotation) and the Lever
System(Transverse Flexion).
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From the [Ulinear regression executed on the data in
Figure 21 a t-statistic of 0.386 was determined. This
value 1is significant at p<.7042. Thus, a significant
linear relationship was not present at p<.05. An R-squared
value of .0082 was also determined. The variability in the
dependent variable, the moment present for the wheel-axle

system(internal rotation), that can be explained by the
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indepéndent variable, the ﬁoﬁent present fpr the 1ever
system(transﬁerse flexion), is .82%.

Table 11 has the mean, standard deviation, and range
of the twenty subjects for the output voltages of ‘the
muscles examined during the first and second half of the
total time for internal rotation(whe¢1~axle System) and
transverse flexion(lever system). These muscles were the
anterior delfoid “and pectoralis_ major for internal
rotation(wheel-axle system) and the latissimug dorsi and
pectoralis major for tran8verse.flexion(lever éystem). ‘The
voltage output levels are given for the first and second
half of the totalv time of the motions "and ére in
microvolts.

Table 11. Mean, Standard Deviation, and Range in
Microvolts of the Anterior Deltoid and

Pectoralis Major(W-A System) and Latissimus
Dorsi and Pectoralis Major(Lever System).

Latissimus Dorsi

Movement Mean S.D. Range
lst 2460.19 1097.87 5024.38-201.09
2nd 1644.32 1023.89 4024.30-479.62
- ' Pectoralis Maijor
Movement Mean S.D. ‘ Range
1st 502.428 " 247.9015343 1042.98~188.72

. 2nd 368.465 190.2900171 836.65-151.50

Lever System
Anterior Deltoid

Movement Mean S.D. ‘ Range
1st 375.9555 233.3821227 854.98-99.66
2nd 206.1865 114.2985131 467.42-58.68
Pectoralis Major
Movement Mean s.D. Range
ist : 1644.26 692.5016572 3967.26-969.44

2nd 1371.31 648.9943018 2823.70-601.46

- e me e e e G e v e e G e e A e e e A v W G e A E M MM A e e e Gmem - w - R = e e e b - — -  —
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To statistically examine the EMG data, several‘paired
t tests were done. Separate paired t tests were performed
on the voltage differences between the two halves of the
motion examined for each’muscle in. the system. This was
performed to defermine if there was a siénificant
difference in the voltages between each part ‘of the
movement for each .muscle. Téﬁle 12 shows thehpairéd t
values obtained on the measuredy level of electrical
activity between ﬁhe first and secoﬁd half of the motion
for each muscle examined in the wheel-axle and 1lever
systems. A f value of 2.093 or greater, at p<.05,
determined a significant diffefence. |
Table 12. t Values from Paired t test on Electrical
Activity for First and Second Half of Motion for
Muscles Examined in the Wheel-Axle

System(Internal Rotation) and the Lever
System(Transverse Flexion).

Wheel-Axle System

Muscle Motion t _value + Prob < T
Latissimus Dorsi 1st - 2nd 3.7216605 . .0014
Pectoralis Major 1st - 2nd 2.2590770 ..0358

- Lever System ‘

Muscle Motion t value - Prob < T
Anterior Deltoid 1st - 2nd 3.6002635 .0019
Pectoralis Major 1st - 2nd 1.3109380 ) . 2055

The paired t tests showed‘that there was a significant
difference, at p<.05, for the electrical activity between
the first half and second ha}f of fhe ‘motion for the
latissimus dorsi and pectoralis major in the‘wheel—axlg

system and the anterior deltoid in the lever system. There




7%
was no significant difference for the electrical activity
between the first half and second hélf of motion fdr the
pectorélis major in the lever systen.

The pectoralis majpr muscle was the only one measured
during the movements of both systems. To determine if thé
measdred electrical activity of the pectoralis major was -
significantly different, at p<.05, between the wheel-axle
and lever systems-for the first half of each motion and the
second half of each motion two separate paired t test were
done. Table 13 gives the t values from the paired t tests
that compared the electrical activity of the pectoralis
major during the first half of internal rotation and the
first half of transverse flexion, and the second half of
internal rotation and the second half of transverse
flexion.

Table 13. t Values from Paired t tests betwéen the
", Blectrical Activity of the Pectoralis Major .
During the First Half of Internal Rotation(W-A)
and the First Half of Transverse Flexion(Lever),
and the Second Half of Internal Rotation(W-A)

and the Second Half of Transverse
Flexion(Lever).

Pectoralis Major 1st W-A - 1st Lever 7.6945655 .0001
2nd W-A - 2nd Lever 6.2689910 ., 0001

A significant difference, at p<.0001, was found
between the electrical activity of the pectoralis major

during the first half of internal rotation and the first
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half of transverse flexion, and the second half of internal

rotation and the second half of transverée flexion. The

electrical activity of the pectoralis major during both the

first half and the second half of transverse flexion was
lérger than the electrical activity of the péctoralis major
during the first half and the second .half‘ of internal
rotafion.

The percent of maximum contraction that was achieved
for the pectoralis major in the wheel-axle system(internal
rotatipn) and lever the system(transverse flexion) was also
examined. Table 14 gives the mean, standard dgviation, and
range values for the pefcenﬁ of maximum contraction that
occurred for the pectoralis major and the latissimus dorsi
in the wheel-axle{(internal rotation) system and the
pectoralis major and the anterior deltiod in the
lever{transverse flexion) systen.

Table 14. Méan, Standard Deviation,'ana kanéé of Values
for Percent of Maximum. . Contraction for the
Pectoralis Major and the Latissimus Dorsi in the
Wheel-Axle System(Internal Rotation) and the

Pectoralis Major and the Anterior Deltoid in the
Lever System(Transverse Flexion).

Wheel-Axle System

Muscle Mean S.D. Range
Pectoralis Major 204. 25 498.5286641 2289.00 - 7.00-

Latissimus Dorsi 3058.95 12328.4000000 55348.00 - 40.00
Lever System

Muscle Mean S.D. ~ Range
Pectoralis Major 1452.30 4615.96 20025.00 - 61.00

Anterior Deltoid 5230.00 1145.550 - 5230.00 - 42.00
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To determine if there was a significant difference, at
p<.05, between the percent of maximum contraction that
occurred for the pectoralis major 1in thg wheel-axle
system(internal rotation) and the lever system(transQerse
flexion) a paired t test was done. No significanﬁ
difference was found at p<.05 when analyzing the mean
percent of maximum contraction that was present for the
pectoralis major in the wheel-axle(internal rotation) ‘and
the lever system(transverge flexion). Table 15 gives the

t value from this paired t test.

Table 15. t Value from Paired t test on Percent of Maximum
Contraction for the Pectoralis Major between the
Wheel-Axle System(Internal Rotation) and the
Lever System(Transverse Flexion)

Several factors may influence the linear velocity the
end point of a system is able to achieve. These fac;ors
include the radius of rotation, the angular veldcipy, the
angular acceleration,’the torque,_the rotational‘inerfia,
the force applied by the muscles in. each system and the
electrical activity of the muscles. Thus wﬁen.determining
why the endpoint linear velocity of one system is not equal
to that of another system it is important to examihe the
individual paraﬁeters of a system, because a\system which

has an advantage over another other system, in terms of one
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parameter, may also have a disadvantage whenlexamining a

different parameter.
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CHAPTER 5
DISCUSSION

It was the purpose of this study td determine if a
kinetic link model for the upper limb used as a wheel-axle

system and the upper limb used as a lever system predicted

the relationship between the end point linear velocities.

produced by the two systems and to determine if there wés
a significant difﬁerence between' the linear velocities
produced at the end points of segmental links acting in a
wheel-axle and a lever configuration. The results of this
study indicated that thére was a significant difference
(p<.001) between the linear velocity of the end point of
the upper extremity configured as a lever system(tfansverse
flexion) and the upper extremity configured as a wheel-axle
system{(internal rotation). To undefstand why there was a
significant linear velocity difference between the lever
.systém and the wheel-axlé system, and to examine whether or
not the kinetic¢ 1link model prédicted the relationship
between the linear velocities produced by the two systeﬁs
several parameters were examined.

The lever systen was.calculated to have.a two times
larger radius of rotation. However, if the torque produced

by the muscles involved with each system are equal; then
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the wheel-axle system has the caﬁabi;ity of achieving five
times the angular acceleration- of the 1lever systen,
because 'theoretically, the wheel-axle has a five times
smaller rotational inertia (Kreighbaum & Barthéls, i991).

A non dimensional' relationship was expressed .by
considering the equation V=rgp, where.rél/z and ¢=5/1. This
equation shows that if the angular velocity of the wheel-
axle system is five times greéter tﬁaﬁ that of the 1é§er
system and the torque in each system is equal, the wheel-
axle system is capable of obﬁaining a linear velocity which
is two and a half times larger. than the linear velocity oﬁ
the lever system(Kreighbaum,é Barthéls, ;991‘pp: 612-614){

When examining ‘the mean values for the rotational
inertia and radius of rotation from the subjects in this
study, the Qheel-axle system had approximately a five times
smaller rotati&nal inertia . and the 1lever system had
‘approximately a‘two timés larger radius of rotation. From
these values the linear velocity of the wheel-axle system
was hypothesized to be slightly more than two and one half
times greater than that of‘;he lever system. However,:the
findings-of‘this‘stUAY didlnot gupport this thebry.' In‘
order to furﬁher investigate this préblem other parameters

were analyzed.

Two other parameters that influence the end point
linear velocity are the torques applied by the mugcles in

‘each system and the resulting angular accelerations of the
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systems. The equation a=T/I, where a=angular acceleration,
T=torque, and I=rotational inertia, demonstrates that a
larger angular acceleration will be present for a system
that has a smaller rotational inertia ii the torque on both
systems is equal.

The rotational inertia of the arm acting in a wheel-
axle  system(internal rotation) has approximately a five
times smaller rotational inertia than the arm acting in a
lever system(transverse flexion) as the wheel-axle and
lever systems were defined for this study. Thus, the
angular acceleration of the wheel—agle system should be
about five times larger if the torques in the two systems
are equal. In this study, the maximum angular acceleration‘
value for the wheel-axle system was significantly larger
than the maximum angular acceleration for the lever system.
The maximum angular acceleration of the wheel-axle system
was thus approximately twg times the maximum angular
accelera;ion of the lever systen.

To further investigate the differences between the
anéular accelerations, the kinematic moment values were
examined. The torque prodﬁcing capabilities of the muscles
used in the lever-type movement were greater than those in
the wheel-axle-type mpveﬁent, but they were not
significantly greater. However, although the mean torque
value, as calculated from the kinematics, for the lever

system was larger than the torque wvalue for the wheel-axle
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system, it is difficult to determine if it was large enough
to account for the significantly larger linear velocity of
the lever system. The kinematic moments were determined

through the process of inverse dynamics;

From the moment ratios for the two systems and the

angular acceleration ratios,‘it was seen that for fifteen
of the twenty subjects, the maximum torque measured for the

wheel-axle system was less than that for the lever system.

Moreover, the angular acceleration of the wheel-axle system

achieved a value greater than 2.5 times the angulér
acceleration of the lever system for only three of the
twenty subjects. Furthermore, remembering that the torque
values tha; were based on kinematic data were . not
signifiéantly different at p<.05 and that the wﬁeel—axlé

system' sﬁoﬁld achieve a five times greater angular

acceleration, the angular acceleration of the wheel-axle.

system should have heen approximately five times greater
than that of the lever system. Therefore, if the torgue
measurements were accurate; the angular acceleration
achieved by eacﬁ system should have been apéroximétely
equal. = The force produced by the~muscu1ature in each

system, during an isometric contraction and measured

via a force transducer, offered some insight on this

dilemma. .-

with the maximum angular acceleration of the wheel-

axle system being approximately two times larger than thét
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of.the lever system, the angular velocity of the wheel-axle
system should be larger than the angular velocity of the
lever system. . The mean angular velocity of fhe wheel-axle
system was significantly greater than that of the lever
system. it was theortized that the smaller rotational
inertia of the wheel-axle system should allow a five times
larger angﬁlar acceleration to be present and result‘in thé
linear velocity of tﬁe whee1~ak1e.system being two and one
half timeé that of the leve; system. However, when
examining the mean angulér veiocities of each systém, the
angular velocity of the wheel-axle system(intérnal
rotation) was not two and one half times greater than'that
of the lever system(transverse flexion).

When examining if the nondimensional value for the
predicted linear velocity of the wheel-axle system was
equal to the observed linear ve;ocity ratio for the wheel-

axle system it can be seen that the advantage the

wheel-axle system should have over the lever system is-muchv
greater than the value that was obtained. That is, from
the predicted linear velocity ratio, the wheel-axle Eysfem
should have on the average a 2.5 times greater linear
velocity. However, after dividing thetlinear-velocitQ of
the wheel-axle systém(internal rotation) by the 1linear
velocity Qf the lever system(transverse flexion), the

linear velocity of the wheel-axle system was never greater
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than the linear velocity of thé'lever.system for any of the
subjects. |

Upon examination of the time it took each system to
reach maximum linear velocity, it was found that there was
a significant difference (p<.05) between the two systéms.
The whegl—axle system(internal rotation) achieved its
maximum linear velocity earlier than that of the lever
system(tranéverse fléxion). It was found that the end
point }inear velocity of"the' lever system(transvérse
flexion) was significantly greater than the end point
linear 'velocity of the wheel-axle system(iniernél
rotation). However, ﬁhile the wheel-axle sysﬁem'did not
have the larger end point linear velocity, it did-achiéve
its maximum linear velocity earlier than tha; of“the lever
system.

From the data on the time it took each system to
achieve maximum linear velocity, a force—vélocity
relatiohship_may have ‘been -influential. With the wheel-
axle system achieving maximum linear velocity earlier tﬁan
the lever system, and the lever system.having'a larger
rotational inertia, it may be'fhat'the muscles acting fo
produce internal rotation are shortening at a rate that is
too fast for them to supply any additional force. If ;he
muscles acting to accelerate the upper extremity when it is
configured as‘ a wheel-axle type system are able to

accelerate the mass such that they are not able to supply
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a greater force to further accelerate the extremity, the
velocity .the extremity is able to achieve is 1limited.
Therefore, the 1lever .type system may achievé é‘ larger
linear veibcify because the musclés‘can supply a net forée
longer and are thus able to continue to accelerate the’
extremity. The muécles acting in .the lever configuration
to. produce transverse flexion méy be able to supply force
to the system for a longer time, whereby a larger linear
velocity for‘;he end point of the lever system is obtained.

| .The paired t test on the maiimum isometric. force
measurements of ‘the two systéms did not result in a
significant difference being present. One may conc;ude
that the systems are equél in terms of the force that each
is capable of exerting"during a maximal: isometric
contraction.

One explanation for why theAmean torque value of the
lever system was larger than that of tﬁe wheei-axle system
and thaﬁ the force measurements were not different is that.
the subjects.may have incorporated other muscles than those
tested to internally fotate the humerus while performing
the maximal isometric contraction for'interhal rotationq
The anterior deltoid and the latissimus dorsi demonstrated
significantly different 1levels of activity fdr the two
halves of the motion. From the mean voltage measufgmenfs,
it was determined that the anterior deltoid in the wheel-

axle system and the latissimus dorsi in the lever system
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had larger levels of activity during the first portion of
internal r¢tation and transverse flexion. This suggests
that these two muscles were recruited less during the
second.portion of the movement. However, when examining'
the data for the pectoralis major as it was used in bqth
systems, a significant‘diffefence was not found between the
voltages for the two parts of the movement for the.leﬁép
system but there was a significant difference for the
pectoralis -major in the' wheel-axle system. Thus,. the‘
pectoralis major had a smaller amount of electrical
activity present when active in the wheel—axie movement
than in the lever movement.

When examining the mean voltage values of the musc;es
for each part of the specified movement, it was determined
that all the mean voltage values were smaller for tﬁe
second half of the moveﬁent. However, as stated
previously, the mean voltage values for the first half and
‘second half of the anterior deltoid and the pectoralis
major in the wheel;axle system and the latissimus dorsi in
the lever system were significantly different. - One reason
why the anterior deltoid in the 1lever system and the
latissimus dorsi and the pectoralis major in the wheel;axle
system may have demonstrated significantly less activity
during the second half of transverse flexion and inte;nal
rotatiop is that these muscles may have been recruited

less to allow for deceleration of each system by way of
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reciprocal iﬁﬁibition. 'The‘antagonistic muscles, those
that opbose transverse‘flexion and internal rotatién, may
have been recruited to begin deceleration of each system
with thg internal rotation antagonists being recruited less
because of reciprocal inhibition. This may also be the
case with‘the decreasé in activity of the pectoralis major
in the lever system, but the difference was not great
enough to be significant.

. Furthermore, the results from a palred t test on the
difference between the first and second half of the
movement time fﬁr the pectoralis majér in the lever system
did not result in a significant difference being present.
With tbe mean voltages for the pectoralis major being
larger fof' both halves of ﬁransve;Se flexion than for
internal rotation, it may be iﬁferred, that by way of
recruitment, the pectoralis major is more active when
transversely flexing the humerus than internally rotating
it.

The two paired t tests to determine if there was a
significant difference between thé electrical activity of
the pectoralis major for the first half of internal
rotation and transverse flexioﬁ and the second half of
internal rofation and transverse flexion further supported
the thought that the pectoralis major'was more active while
transversely flexing the humerﬁs than internally rotating

it. Both t tests revealed a significant difference between
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the electricél activity of the pectoralié.major during the
first and second half of each motion. These resulﬁs
further support the notion that the pectoralis major
demonstrated more recruitmént activity while transversely
flexing the humerus than while internally rotating tﬁe
humerus.

The paired t test between the percent of maximum
contraction'that occurred for the bectoralis major in the
‘wheel—axle ’ systeﬁ(internal rotation) and the 'lever
system(traﬁsverse flexion) found no significant difference
between the two conditions. . From the t test between these
two.percentagés, it was shbwn that the‘péctoraiis major was

not significantly more active in terms of percentages for

one system than the other. Thus, in terms of percent of
maximum contraction, the .pectbraiis major demonstrated

similar levels of activity within each'syétemw
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CHAPTER 6
CONCLUSIONS

The following chapter is divided into three
areas: (1) Summary, (2) Conclusions, and

(3) Recommendations.

Summary

Kinematic and kinetic data for the wheel-axle and
lever configurations were gathered by .viaeography,
electromyography, electrogoniometry, and . a force
transducer. Independent variables examined were: the
angular velocity, the radius of rotation, the angular
acceleration, the torqué, and the foiational inertia,of‘
each system. Electromyographic data for three muscles; the
anterior deltoid, the latissimus dorsi, and the pectoralis
major were also examined, as was an isometric force
measurement for each systen.

The paired t test was the statistical tool used to
analyze the déta between the two motions examined in this
study. "Regression analysis was used to determine if a
linear rélationship was:présent between the data.

Based on the results of this study, the null

hypothesis for the first hypothesis was accepted; the
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kinetic 1link model for the wupper limb as a wheel-axle
system and the upper limb as a lever system does not
predict the relationship between the end point 1linear
velocities 'produced by the two systems. The null
hypothesis for the second hypothesis was rejected; there
was a significant difference between the linear velocities
produced at the end points of the segmental links acting in
azwheel-axle and a lever configuration. A significant

difference was found between the end point linear

velocities of the wheel-axle and lever configurations.

Conclusions

With the end point of the wheel-axle system reaching
maximum linear velocity earlier than the end point of the
lever system, and the lever system having a significantly
greatér linear velocity, a force-velocity relationship may

have influenced the results of this study. The wheel-axle
system has a smaller rotational inertia. The muscles that
acted to produce internal rotétion hay not have been able
to contract fast enough to continue accelerating a system

with a small inertial resistance. The maximum linear

velocity of the wheel-axle system occurred sooner and

peaked at a smaller value than the lever system. If a
resistance such as a racket were placed in the hand, the
muscles acting to produce internal rotation may act to

accelerate the wheel-axle system over a longer time and
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through a greater range of motion which would result in a

greater end point linear velocity.

Recommendations

The following are recommendations for further stﬁdies.
1. Conduct a similaf study in which the force-
velocity relationship is examined.
2. Conduct axsimilar study in which resispancg
is an.independent variable.
3. Conduct a simiiar study using a 3-D
Videographic Anélysis System.
4. Conduct a similar study with forﬁe
measuremeﬁts.being taken at 30'degfee
| intervals while the subjects perform maximum

isometric contractions.
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SUBJECT CONSENT FORM
FOR
PARTICIPATION IN HUMAN RESEARCH
MONTANA STATE UNIVERSITY

You are being asked to participate in a study to help
determine if the wheel & axle system or the lever system
produces the larger linear velocity of the end point of the
systen. The amount of electrical activity that can be
detected from some of the muscles that produce the motions
of the wheel & axle and 1lever systems will also be
measured. The results of this study may help prove or
disprove the hypothesis that the wheel & axle system allows
for a larger end-point linear velocity to be achieved and
that it may lead to changes ‘in the way performers execute -
overarm throwlike motions so that they may be more
successful. You have been identified as a subject based on
vour gender and your age.

If you agree to participate in this study you will be
asked to perform internal rotation and transverse flexion -
about the shoulder while being videoed. You will also be
asked to execute these same motions with surface electrddes
attached so that the electrical activity of these muscles
can be measured. Furthermore, you will be asked to remove
your shirt for both procedures, and you will also be asked
to state your weight. The total time for these procedures
should take three hours.

Before beginning the videoing, six points of interest
which include: the head of the wulna, ‘the lateral
epicondyle, the olecranon process, the greater tubercle of
humerus, the iliac, and the greater trochanter of femur,
"will be identified by placing a red dot on them. At another
date, which will be scheduled with your acceptance, you
will be asked to perform transverse flexion and internal
rotation from the same positions as with the videoing but
with surface electrodes positioned on two muscles for each
system and with an electrogoniometer positioned at the axis
of rotation for transverse flexion and internal rotation.
The final procedure you will be asked to execute is a
graded static contraction against resistance at positions
where your muscles demonstrated the most activity as

detected by the surface electrodes and the
electrogoniometer. Surface electrodes will be used to
detect the electrical activity of the muscles during these
static contractions. A surface electrode is a conductive

piéce of metal, which is approximately the size of a penny,
that is attached to a lead wire which goes to an amplifier.
The ele¢trodes will be attached through the use of adhesive
tape. Surface electrodes detect the electricity that is
given off by your muscles when they are active. An
electrogoniometer is an instrument that has .two long narrow
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arms which rotate about an axis. This instrument records
the position of the joint throughout a movement by relaying
an electrical signal to a computer. The arms will be
attached to you via velcro straps and\or tape such that the
axis of the electrogoniometer is aligned with the axis of
rotation for the system that is being examined.

The risks on your health may include a ligament or
tendon strain. However, the chance of obtaining one of
these injuries is minimal due to the fact you are not going
to perform these movements against any more resistance
other than that: which is supplied by the system{arm,
forearm, and hand) and that the isometric contraction will
be slow and graded. Minimal discomfort may be experienced
because the positioning of your arm may be one that you
have not experienced before. However, it will not be
painful and there should not be any discomfort after the
testing procedure. The testing procedures will require
approximately two separate appointments of which each will
last about one hour. This study is of relatively no
benefit to vyou. If you decline to. participate another
subject will be identified. There is no source of funding
for this project and it is of no cost to you other than
your time. You are encouraged to ask any gquestions you
have before or during the procedures of this research.

YOUR INVESTIGATOR WILL TREAT YOUR IDENTITY WITH
PROFESSIONAL STANDARDS OF CONFIDENTIALITY. THE INFORMATION
OBTAINED 1IN THIS STUDY MAY BE PUBLISHED IN MEDICAL
JOURNALS, BUT YOUR IDENTITY WILL NOT BE REVEALED.

NON-SUPPORTED RESEARCH :

In the event vyour participation in this research
directly results in injury to vyou, medical treatment
consisting of first aid will be available but there is no
compensation for such injury available. Further
information about this treatment may be obtained by calling
Rob Higgs at 587-5288.

AUTHORIZATION: I have read the above and understand

the discomforts, inconvenience and risk of this study. I,

‘ A , agree to

participate in the research. I understand that I may later

refuse to participate or that I may withdraw from the study

at any time. I have received a copy of this consent form
for my own records.

Signed

Witness

Investigatof

Date
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PREDICTED CACULATIONS
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PREDICTED CALCULATIONS

Subject # R L Age
Weight lbs. x 4.45 = Newtons
Height in. x .0245 = . . meters
Segment Lengths(from ﬁlacement of dots)
lever - upper arm in. x .0245 = m
forearm in. x .0245 = m
hand in. x .0245 = m
wa - forearm in. x .0245 = m
hand in. x .0245 = m
Mass of Segments
upper arm = lbs. x (.0325) = kg
2.205
forearn = A lbs. x (.0187) = ) kg
2.2058
hand = lbs. x (.0065) = kg
2.205 '

on for each Seqment

Center of Gravity ﬁpqati

(from proximal end)

Lever

upper arm = m (.436) = m

forearm = m (.43) = m

hand = m (.468) = m

W-A

forearm = m (.43) = m

hand = m (.468) = m .

Rotational ITInertia of a Segment about its own Center of’

Gravity

Tcg=1/2mr! .

Lever - upper arm = W-A - upper arm =
forearm = forearm =
hand = hand =

Rotational Inertia I1 = Imr' + Icg

upper arm = + =

forearm + =

hand + =

kg-m*
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Iwa= Imr’ + Icg

upper arm = _ - =
forearm = + =
hand = + =

kg—m

Rotational Inertia Ratio

Lever Ta = =
W-A TIa

Radius of Rotation Ratio

Lever radius of rotation = =
W-A radius of rotation

Predicted relaﬁionship between Lever and W-A systems for V

(if ¢ is equal in both systems) - (from calculations)

Vwa = rg = =

Observed relationship between Lever and W-A for V.
. _ (from digitizing)
Lever + . /2 = m/sec

. m/sec

W-A o + h /2

Vwa = =
V1

Does observed maximum V equal predicted ratio.

Compairison of maximum moments of each system.

Twa = + /2
T1T = + /2
Twa = Meter-Newtons
T1 ‘ :

Compairison of maximum anqular acceleration of each system.

awa = + /2 =
al = + /2 =
awa = Degrees/Sec.®

al .
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APPENDIX C

ELECTROMYOGRAPHY AND FORCE MEASUREMENTS
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ELECTROMYOGRAPHY AND FORCE MEASUREMENTS

Subject #

EMG DATA

W-A ,

Mean: (v) ‘ ¢ch. 2 ch. 3
first half of motion
second half of motion

Max. Mean: (v) ¢h. 2 ch. 3

% of Max. Mean: (v)

ch., 2 ch. 3
first half of motion
second half of motion

LEVER :

Mean: (v) ch. 2 ch. 3
first half of motion )
second half of motion .

Max. Mean: (v) ¢ch. 2 ch. 3

% of Max. Mean: (V)

ch. 2 ch. 3

first half of motion
second half of motion

FORCE PRODUCTION

W-A :
voltage from channel #1 without any'tensipn . (a).
voltage from max. contraction channel #1 (b).
mechanical advantage 10.60 (c).
1
(b) - (a) = (net voltage difference) (c).
(c) v = lbs (d){(from table of voltage
. , differences).
10.60 x (d) + 18.74251bs = | _ kg (force).
1 , .
LEVER
voltage from channel #1 without any tension (a).
voltage from max. contraction. channel #1 (b).
mechanical advantage 10.60 (c¢).
1
(b) - (a) = (net voltage difference) (c¢).
(c) v = lbs (d)(from table of voltage
) differences).
10.60 x (4) + 18.74251bs = lbs (force).

1 . S
18.74251bs = constant [amount to balance lever(friction)]
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