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ABSTRACT

The purpose of this study was to identify those kinematic characteristics that are most closely related to
the functional classification of a wheelchair athlete and measured distance of a javelin throw. Two S
VHS camcorders (60 field- s were used to record the performance of 15 males of different classes. Each
subject performed 6 - 10 throws and the best two legal throws from each subject were selected for
analysis. Three-dimensional kinematics of the javelin and upper body segments at the instant of release
and during the throw (delivery) were determined. The selection of kinematic parameters that were
analyzed in this study was based on a javelin throw model showing the factors that determine the
measured distance of a throw. The average of two throws for each subject was used to compute
Spearman rank correlation coefficients between selected parameters and measured distance, and between
selected parameters and the functional classification. The speeds and angles of the javelin at release,
ranged from 9.1 to 14.7 m- s™ and 29.6 to 35.8°, respectively, were smaller than those exhibited by elite
male able-bodied throwers. As expected, the speed of the javelin at release was significantly correlated to
both the classification (p<0.01) and measured distance (p<0.001). Of the segmental kinematic
parameters, significant correlations were found between the trunk inclination at release and classification
and between the angular speed at release and measured distance (p<0.01 for both). The angular speed of
the shoulder girdle at release and the average angular speeds of the shoulder girdle during the delivery
were significantly correlated to both the classification and measured distance (p<0.05). The results
indicate that shoulder girdle movement during the delivery is an important determinant of classification

and measured distance.
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INTRODUCTION

Since 1960 when an Olympic style games for
athletes with disabilities were organized for the first
time in Rome, the opportunities of sports
competition for wheelchair athletes have increased
dramatically (DePauw and Gavron, 1995). The
track and field are officia events of the Paraympic
Games and draw the largest number of athletes and
spectators.  Although the biomechanics of racing
wheelchair propulson have been invesigated in
many studies (e.g. Cooper, 1990; Chow et a., 2000b
and 2001; Goosey et al., 1997, Masse et a., 1992,

Van der Wonde et dl., 1988; Wang et al., 1995), very
few studies have focused on the movement
characteristics of wheelchair field events such as
shot put, discus, and javelin throws. Chow and
Mindock (1999) studied the kinematics of discus
throws performed by wheelchair athletes and
concluded that the shoulder girdle movement during
the forward swing is an important determinant of
functional classification and measured distance.
Chow et a. (2000a) attempted to identify those
kinematic characteristics that are most closey
related to the athlete’s functiona classification and
measured distance of a shot put. They found the
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Table 1. Subjects information and throws analyzed.

Subject Classification Mass Age  SKill* Personal Best ThrowsAnalyzed (m)
ID (kg) (yrs) Level (m) #1 #2
1 F2 100.0 31 Elite 14.50 12.81 11.15
2 F2 72.7 25 Elite 10.16 8.77 8.85
3 F3 95.5 33 Elite 14.70 13.55 13.57
4 F4 77.3 47 Emerging 22.00 11.96 13.88
5 F4 77.5 37 Elite 21.78 17.70 17.80
6 F5 134.1 51 Elite 2542 21.78 22.26
7 F5 127.3 20 Emerging — 11.37 10.10
8 F5 107.7 48 Hlite 27.50 21.86 24.06
9 F5 97.7 46 Hlite 23.00 18.09 19.89
10 F5 1114 26 Emerging 17.00 20.15 19.31
11 F6 127.3 20 Emerging 18.56 1851 17.65
12 F7 88.6 30 Emerging 22.24 19.00 20.14
13 F7 105.9 48 Hlite 30.01 27.10 26.44
14 F7 74.1 44 Elite 17.00 16.82 16.62
15 F8 79.5 19 Emerging — 2274 2241

* Skill level rated by the Wheelchair Sports, USA.

height of the shot at release, the angular speed of the
upper arm at release, the range of mation of the
shoulder girdle during the delivery, and the average
angular speeds of the trunk, shoulder girdle, and
upper arm during the forward thrust (delivery) to be
significantly correlated to both the classification and
measured distance.

Compstitors in  wheelchair athletics are
classified based on the neurologica level of injury
and the control and strength of different muscle
groups (Whedchair Sports, USA, 2002, see
Appendix). For the field events, there are nine
different functiona classes, F1-F9. However, the
javelin throw is not held for F1 class. Except for F8
and F9 athletes who are allowed to throw from a
danding posdtion and use an 800g javein,
wheelchair athletes in the other classes use a 600g
javelin and perform throws from custom-made
chairs that are pegged to the throwing circle by
cables. Most athletes design their chairs and adopt
dtting poditions that suit their muscle function and
srength, flexibility and persona preference.  For
adle-bodied athletes, the javein throw primarily
consists of two parts -- the approach run and the
ddivery (aso cdled the find thrust or launch
phase). The approach run plays a key role in
increasing the speed of release of the javelin, which
is an important factor in determining the throw
disance. However, al wheelchair athletes except F8
and F9 athletes have a little or no use of their lower
extremities so they must concentrate on the delivery
with their upper body. The variaions in throwing
techniques used by wheelchair athletes are likely
atributed to the differences in disability, chair
desgn, and dtting podtion. To explore the
differences in technique among athletes of different

level of disability, it was the purpose of this sudy to
evauate the redationships between selected
kinematic parameters of the javelin throw performed
by skilled whedchar athletes and functiona
classification and measured distance. Based on the
findings of Chow and Mindock (1999) and Chow et
a. (2000a), it was hypothesized that shoulder girdie
and trunk nrotions were significantly related to both
the functional classification and measured distance.

METHODS

Fifteen male participants of a training camp for €lite
and emerging wheelchair field athletes organized by
Wheelchair Sports, USA volunteered for this study
(Table 1). They dl sgned informed consent
documents before attending the camp. Nine of the
participants had represented the United States at a
Paralympic Games when the data were collected.
All but two participants were right-handed. The data
for the left-handed subjects were transposed and
were treated as right-handers.

Theoretical considerations

The competition rules require that at least one part of
the upper leg or buttock must be remained in contact
with the seat cushion throughout the throwing
action. Thus, hip motion is minima even for those
who have partiad functions in the lower extremities.
For the purpose of analysis, five linked segments can
be identified between the hips and the javein
(Hgure 1): the trunk (from mid-hips to mid-
shoulders), the shoulder girdle (from mid-shoulders
to throwing shoulder), the upper arm (from shoulder
to elbow), the forearm (from elbow to wrist), and the
hand (from wrigt to third knuckle of hand). The
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kinematic characteristics of the javein at release are
determined by the angular kinematics of these five
segments (Figure 2). Although some subjects moved
their trunks back and forth severa times prior to the
delivery, this study focused on the kinematic
characterigtics of the throwing action and the release
of the javein.

Figure 1. The chair used by an athlete must be
located inside the circle but the footrest (s) or part of
the legs can be protruded outside the circle. The
segmental model used in this study is defined by the
mid-hips, mid-shoulders, right shoulder, right elbow,
right wrist, and third knuckle of the right hand.

The selection of kinematic parameters that
were analyzed in this study was based on ajavelin
throw model showing the factors that determine the
measured distance of athrow. In the second level of
the modd, a thrower will gain distance if the center
of gravity of the javein is located in front of the
throwing circle at release and behind the tip of the
javelin a landing. In the third level, the flight
distance is determined by factors governing the
trgectory of a projectile. The height of release is
determined in part by the height of the chair,
physique of the thrower, and body position a the
instant of javelin release. For the rest of the model,
consider the angular motion of a body segment, the
velocity of the distal end-point of the segment (vy) is
determined by the velocity of the proxima end-point
of the segment (v,), the angular velocity of the
segment (w), and the relative-position vector drawn
from the proxima to distal end-points (r qp):

Vd = Vp +W, rd/p (1)

During the delivery before the javelin is released,
the average angular acceleration of a segment () is

given by:

a = (W - W)t @

where w;, and W are the angular velocities of the
segment at the beginning of the delivery and at
release, respectively, and t is the time taken to
complete the delivery. The average angular speed of
a segment during the delivery (57) is determined
using the angular distance the segment traveled
during the ddivery (f) and the duration of the
delivery:

s=f/t 3)

The part of the model below the third level is
formed by repeated applications of equations 13.
For example, in the fourth level of the modd, the
velocity of the wrist (the dista end-point of the
forearm) at release is determined by the forearm
length, the velocity of the elbow (the proxima end-
point of the forearm) and the angular velocity of the
forearm a release (equation 1). Applying the
repeated block to the dotted lines below the box for
the angular velocity of the forearm at release (5th
level in Hgure 2), the angular velocity of the
forearm at release is determined by the angular
velocity of the forearm a the beginning of the
delivery, average angular acceleration of the forearm
during the delivery, and the duration of the delivery
(equation 2). The duration of the deivery is
determined by the average angular speed of the
forearm during the delivery and the range of motion
of the forearm during the delivery (equation 3).

Assuming that the angular veocities of the
different segments at the beginning of the ddivery
are zero, the average angular acceleration of each
segment during the delivery is directly proportiona
to its angular velocity at release (equation 2). The
terminal factors (boxes at the ends of the various
paths) of the model examined in this study can be
categorized into three groups. 1) the kinemdtic
characteristics of the javelin at the instant of release,
2) the characteristics of different upper body
segments at the ingtant of release, and 3) the
kinematic characteristics of different segments
during the delivery.

Data collection

Two SVHS video camcorders (Panasonic AG-455,
60 fied.s™) were used to record the throws. One
camera was placed 10 m to the rear of the throwing
circle (rear view) and the other was placed 18 m to
the right-hand side of the circle (side view). The
angle between the optical axes of the two cameras
was approximately 90°. Data were collected in two
sessions. Each subject performed 10 tridlswith a 2-
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Figure 2. Factors that determine the measured distance of ajavelin throw. The repeated block applies to the

dotted lines below different upper body segments.

3 minrest between throws. A control object (Peak
Performance Technologies, 25 control points, 2.1 ~
1.9~ 1.6 nf), a plumb-line and four markers were
video-recorded before and after a data collection
sesson for spatial reference and defining a globa
reference frame, respectively.

Data reduction

A Peak Motion Measurement System (Peak
Performance Technologies) was used to manudly
extract two-dimensional coordinates from the video
recordings. The direct linear transformation (DLT)
procedure (Abde-Aziz and Karara, 1971) was used
to obtain 3-dimensiona data on the performances of
the throwers. The calibration errors (i.e., the root-
meartsquare error between the computed locations
of the control points and their known locations) for

the two data collection sessions were 6.70 and 6.19
mm, respectively.

The best two legd trials for each subject were
selected for subsequent analysis. For each selected
trial, the video recordings were digitized sarting
five fields before the beginning of the delivery and
ending five fields after the javelin was released.
Coordinates of 13 body landmarks (vertex, chin-
neck intersect, suprasterna notch, left and right
shoulders, elbows, wrists, third knuckles, and hips),
middle of the front edge of the seat, and ends and
center of the cord grip on the javelin were obtained
from each field. Because the two cameras were not
synchronized eectronicadly, the instant of release
(defined as the first field in which the thrower lost
contact with the javelin) was used for
synchronization purposes. The raw 3-dimensond
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data were smoothed using a second-order, low-pass,
recursive digital filter with cut-off frequency of 7.4
Hz (Yu, 1988). Coordinate transformation was
performed so that the x-axis was horizontal and
pointing toward the front (throw direction) and the
z-axis was horizontal and pointing to the right of the
throwing circle. The yaxis was pointing verticaly
upward (Figure 1), that is, the xy plane was parallel
to avertical plane that bisected the throwing sector.

The horizonta, verticd, and resultant
velocities of the javelin at release were determined
using the unfiltered coordinates of the grip center of
the javelin at release and two fields after release, the
known elapse time (1/30 s), and the equations for
uniformly acceleration motion. The horizontal
velocity is the component of the resultant velocity in
the xz plane. The angle of release was determined
from the horizontal and vertical velocities at release.
The inclination of a body segment was computed as
the smallest angle between the longitudind axis of
the segment and the horizontd (x-z) plane. A
positive indination angle indicates that the dista
end-point was located above the proxima end-point
of the segment. For the trunk segment, the distal and
proxima end-points are the mid-shoulders and mid-
hips, respectively. The attitude angle was computed
as the inclination of the javelin at release. The angle
of attack was obtained by subtracting the angle of
release from the attitude angle. The range of motion
(ROM) of a segment during the delivery was
obtained by summing the angles between the same
segment in adjacent fields, computing using the dot
product, from the beginning of the delivery to the
instant of release. The angular speeds of different
upper body segment were computed using the
central difference technique (Wood, 1982). The
average angular speed of a segment during the
delivery was determined from ROM and the
duration of the delivery (equation 3).

Data analysis
For each parameter, means and standard deviations

were computed for each functional class. The
average of two throws for each subject was used to
compute Spearman rank correlation coefficients
between selected parameters and measured distance,
and between selected parameters and the functional
classfication. Correlation coefficients of |r| 3 0.51,
[r] @ 0.64, and |r| 3 0.76 were required to attain
satigtica significance at the 0.05, 0.01, and 0.001
levels of probability, respectively (n=15).

RESULTS

Kinematic characteristics of javelin at release
The throw distances performed by our subjects
ranged from 8.77 to 27.10 m (Table 1). The average
speeds of release and the average angles of release
for different classes ranged from 9.1to 147 m- s*
and 29.6° to 35.8°, respectively (Table 2). Both
positive and negative angles of atack were
observed.

The grip center of the javdin was located
behind the anterior edge of the seat for most subjects
(Table 3). And in mogt trids, the grip center was
located directly behind (or dightly off to the right)
and above the right shoulders at the ingtant of
release. The right shoulder was higher than, to the
right of, and behind the left shoulder at the instant of
release.

At the instant of release, the trunk was not in
an pright podtion (Table 4). The inclination of the
shoulder girdle indicated that the right shoulder was
higher than the left shoulder at the instant of release.
The difference in shoulder heights can be estimated
from the results shown in Table 3. The differencein
the inclinations of the forearm and upper arm at
release indicates that the javein was released before
the arm was fully extended.

The average angular speeds at release for
different classes ranged from: 1.52to 2.16 rad- s* for
the trunk; 1.41to 7.78 rad- s for the shoulder girdle;
2.90 to 13.37 rad- s* for the upper arm; 10.63 to

Table 2. Means (+ standard deviations) for selected characteristics of the javelin at the instant of release.

Classification

F2(n=2) F3(n=1) F4(n=2) F5(n=5) F6(n=1) F7(n=3) F8(n=1)
Speed of release (M- s™)
Horizontal 77(7  93(L0) 105(10) 111(19 111(8) 123(L1) 125(L0)
Vertical 47(5 66(0) 59(13) 80(L8) 7.3(2 76(5  77(8
Resultant 91(9 114(8) 121(4) 138(22) 134(6) 144(L7) 147(13)
Angleof release (°)  314(16) 357(26) 296(74) 358(52) 334(30) 315(32) 316(6)
Attitude Angle () 263 (1.3) 292(4) 37.6(104) 37.9(104) 326(22) 350(49) 36.8(10.2
Angleof Attack (°)  -52(8) -65(22) 80(57) 21(90 -8(.1) 35(32 52(96)

A negative value indicates that the angle of release is smaller than the attitude angle.
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Table 3. Means (= standard deviations) for the javelin location at the instant of release.
Classification
F2(n=2) F3(n=1) F4(n=2) F5(n=5) F6(n=1) F7(n=3) F8(n=1)
Height above ground (m)
172(08) 196(14) 202(13) 220(.15 212(04) 222(.07) 205(.08)
Forward location relative to seat front (m)
-31(06) .16(29) -20(32) -25(16) -27(18 -21(22) -.07(.16)
Locetion relative to right shoulder (m)
Forward 15 (.02) 07(23) .13(24) .12(.16) .20 (.09) 05(16) .08(.13
Vertical .59 (.03) 56 (.15 .86(17) .87(.16) .78 (.04) 78(12) .58(.08)
Lateral 15 (.07) 56(08) .53(12) .19(.18) .26 (.04) 42 (22)  .34(.02
Location relative to left shoulder (m)
Forward -01(03) .05(24) .05(12 .09(12 .04 (.18) 09(.23) .08(.14)
Vertica .70 (.07) 76(14) 87(07) 106(16) .82(.05) 94 (.08) .79(.08)
Lateral A48 (.05) 92(10) .50(29) .51(.18) .65 (.03) 55(.14) .68(.02

A postive value indicates that the cord center of the javelin was located in front of, above, or to the right

of the reference location.

25.98 rad- s* for the forearm; and 6.14 to 30.87
rad- s* for the hand (Table 4). The range of angular
speed increased as the segments became more distal.
It is apparent that distal segments moved faster than
proxima segments a the instant of release. The
relatively large differences between the angular
speeds of upper arm and forearm indicating a large
elbow extenson speed at the instant of release.
Judging from the angular speeds of forearm and
hand, wrist flexion actions at the instant of release
are noticeable in subjects of higher classifications.
The range of average ROM during the
delivery for different classes were 27.1to 52.4° for
the trunk, 59.7 to 128.6° for the shoulder girdle, 78.9
to 167.7 for the upper aam, 87.8to 151.8° for the
forearm, and 112.2to 181.7° for the hand (Table 5).

The hand ROM was the greatest in 86% of all trials
and the trunk ROM was he smdles in dl trids
analyzed.

The range of average angular speeds during
the delivery for different classes were 1.23to 2.40
rad.s’ for the trunk, 2.64 to 5.34 rad- s* for the
shoulder girdle, 3.01to 6.05 rad- s* for the upper
arm, 3.24t0 6.56 rad- s for the forearm, and 4.12 to
8.31rad- s for the hand (Table 5). It isworth noting
that the values for the arms and hand found in F2
subjects are comparable to those exhibited by
subjects in the other classes. However, the average
angular speeds of the shoulder girdle for F2 subjects
are smaler that the corresponding values found in
the other subjects.

Table 4. Means (+ standard deviations) for the body segment kinematics at the instant of release.

Classification

F2 (n=2) F3 (n=1) F4 (n=2) F5 (n=5) F6 (n=1) F7 (n=3) F8 (n=1)
Segment inclination* (°)
Trunk 61.6(10.3) 63.6(.7) 68.2 (4.5) 63.5 (7.7) 77.3(24) 775 (6.5) 75.2 (3.0)
G 188(10.3) 30.0(3.3) 8(184) 279(104) 6011 21.9 (17.0) 311 (.4)
UA 425 (5.6) 18.2 (.6) 16.8 (7.4) 522 (114) 39.8(25) 34.5(21.4) 47.4 (3.0
Forearm 64.0 (1.6) 27.8 (1.3 584 (15.5) 73.0(9.7) 680(102) 51.8(34.0 64.2(10.2
Hand 773(69) 392(107) 586(189) 620(17.0) 411(35) 44.8 (22.9) 59.8 (9.0)
Angular speed (rad- s?)
Trunk 213(1.07) 216(.41) 1.56 (.61) 1.59 (.68) 152 (.14) 1.99 (.91) 2.15 (.03)
G 5.01 (.59) 141 (.20) 3.52 (.46) 471(166) 3.77(.34) 7.78(1.12) 7.62(2.08)
UA 6.58 (154) 13.37(162) 290(231) 7.18(1.65) 892(1.81) 802(541)  9.08(1.58)
Forearm 14.95(.79) 1519(1.19) 10.63(1157) 23.20(3.86) 23.10(1.39) 1820(9.74) 2598 (4.64)
Hand 6.14(2.35) 14.88(6.14) 14.94(15.71) 30.87 (445) 26.67(9.00) 25.63 (11.75) 29.39(8.52)

* A postive value indicates that the distal endpoint was located above the proxima endpoint of the segment.

SG = Shoulder Girdle; UA = Upper Arm.
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Table 5. Means (+ standard deviations) for the body segment range of motion

Chow et al.

and average angular speed

during the delivery.
Classification
F2 (n=2) F3 (n=1) F4 (n=2) F5 (n=5) F6 (n=1) F7 (n=3) F8 (n=1)

Segment range of motion (°)

Trunk 271(7.3) 536(133) 316(26) 343(191 35233 406(7.9) 52.4 (32)
G 59.7 (16.0) 1286(180) 736(125 1004(351) 76.0(25 1240(5.7) 117.2(.6)
UA 1286(39.7) 1258(94) 789(474) 126.4(126) 167.7(144) 141.4(122) 131.1(110)
Forearm 122.3(24.7) 141.8(13.0) 87.8(65.8) 147.3(29.6) 151.8(30.2) 126.6(46.4) 144.8(30.4)
Hand  141.4(57.2) 162.6(47.2) 112.2(865) 164.0(39.8) 176.5(40.0) 158.0(46.2) 181.7(20.2)
Average angular speed (rad- s*)

Trunk 1.26 (.66) 1.73 (.28) 1.33(.22) 1.36 (.79) 123(12) 1.77 (.56) 240 (.29)
G 264 (107) 425(114) 322(124) 395(114) 265(09) 532(108) 5.34(.30)
UA 585(270) 421(139 301(129) 5.10(.96) 585(50) 6.05(125 5.99(.87)
Forearm 556 (245) 4.73(149) 324(186) 580(47) 529(106) 513(.97) 6.56 (.98)
Hand 6.14 (2.35) 521(061) 412(248) 6.45(0.95) 6.16(1.40) 6.47(069 8.31(143)

SG= Shoulder Girde; UA= Upper Arm.

Correlation coefficients

A dgnificant pogitive corrdation was found between
classfication and measured distance (r=0.66,
p<0.05). The -correlation coefficients between
selected parameters and the classification, and
between selected parameters and measured distance,
are given in Table 6. The horizontal, vertical, and
resultant velocities of the javelin at release were
significantly correlated with both the classification
and measured distance. The high correlation
coefficients, ranging from r=0.57 (p<0.05) to r=0.95
(p<0.001), indicate that the speed of release is a
major determinant of the variation in measured
distance observed in this study and is highly
correlated to the classification.

The height of release was sgnificantly
correlated with both the classification and measured
distance (r=0.62 and r=0.60, respectively). One
reason why ahletes of a higher class had greater
release height was because they could drop the left
shoulder more and elevate the right shoulder more
than athletes of alower class.

The inclination of the trunk at release was
significantly corrdlated with the classification
(r=0.67, p<0.01) but not the measured distance. The
angular speed of the shoulder girdle at release was
sgnificantly correlated with both the classfication
and measured distance (r30.61, p<0.05). The
angular speed of the forearm at release was
dgnificantly correlated with the classification
(r=0.55, p<0.05) but not the measured distance. The
angular speed of the hand a release was
sgnificantly correlated with the measured distance
(r=0.66, p<0.01) but not the classification.

Of the segmenta ROM examined in this
sudy, only the shoulder girde ROM was
sgnificantly related to the classfication (r=0.56,
p<0.05). Of the segmental average angular speeds

identified in the mechanica modd shown in Figure
2, only the average angular speed of shoulder girdle
yielded dgnificant corrdations with both the
classfication and the measured distance (r30.65,
p<0.01). The only other significant correlation was
between the average angular speed of hand and the
measured distance (r=0.52, p<0.05).

DISCUSSION

Limitations

There are severa possible sources of error in the
kinematic measurements obtained in this study. In
addition to possble erors resulting from manual
digitizing and limited resolution of the video images,
the cameras were not eectronicaly synchronized.
The error associated with the use of critical instants
to synchronize two sets of video recordings is
generdly smdl (Yeadon, 1989) and should not
affect the main findings. The correlation coefficients
presented in Table 6 serve to provide an overview of
inter-relationships  among measured  distance,
classfication and various variables. The significant
correlations should be interpreted with caution
because of the potential errors associated with
multiple tedts.

Kinematic characteristics

As expected, the speeds of release (Table 2) were
smaler than those reported for javelin throws by
mae dite able-bodied athletes; 24.8 m- s* (Ikegami
etd., 1981), 29.01 m- s’ (Terauds, 1983),26.7m- s*
(Miller and Munro, 1983), 27.36 m.s* (Komi and
Mero, 1985), 294 m- s* (Rich et &., 1985), 29.6
m- s (Whiting et d., 1991), 283 m- s (Meroetdl.,
1994), and 27.0 m- s* (Bartlett et d., 1996). It is
certain that a direct comparison between wheel chair
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Table 6. Spearman rank order correlation coefficients.

Variables Classfication Measured Distance
Javelin at release
Horizontal velocity 074" 091"
Vertica velocity 057 094"
Resultant velocity 071" 095"
Angle of Release -0.09 0.19
Height of Release 0.62° 0.60
Forward location relative to seat front 0.08 0.02
Location relative to right shoulder
Forward -0.13 -0.15
Vertical 0.23 0.20
Lateral 0.18 0.14
Location relative to left shoulder
Forward 0.45 0.04
Vertical 0.36 0.41
Lateral 0.12 0.29
Body segment at release
Inclination
Trunk 067" 0.10
Shoulder Girdle 0.24 0.40
Upper Arm 0.18 0.30
Forearm 0.25 041
Hand -0.33 -0.33
Angular speed
Trunk 0.06 0.18
Shoulder Girdle 0.65" 0.61°
Upper Arm 0.27 044
Forearm 0.55 0.44
Hand 0.34 066"
Range of motion during the forward swing
Trunk 0.28 0.47
Shoulder Girdle 0.49 0.56
Upper Arm 048 0.15
Forearm 0.24 0.09
Hand 0.22 0.19
Average angular speed during the forward swing
Trunk 0.32 0.49
Shoulder Girdle 065" 067"
Upper Arm 041 0.15
Forearm 0.20 0.30
Hand 0.38 052

Significant a “p<0.05, " p<0.01, or =~ p<0.001 level.

athletes and able-bodied athletes may not be
gppropriate  because our subjects dd not have
approach run. For able-bodied throwers, the
approach run is a critical factor to increase the speed
of release. It is obvious that the advantages of using
lighter javelins by wheelchair athletes are not

enough to offset the disadvantages due to the lack of
approach run in javelin throws. However, the angles
of release were comparable to those performed by
mae dite able-bodied throwers: 32.9° (Ikegami et
a., 1981), 31.7° (Terauds, 1983), 37.6° (Miller and
Munro, 1983), 38° (Komi and Mero, 1985), 32.7°
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(Rich et d., 1985), 36° (Whiting et d., 1991), 32°
(Mero et d., 1994), and 37.1° (Bartlett et a., 1996).
The attitude angles were similar to those found in
male dite able-bodied throwers. 33° (Kunz, 1980),
36.7° (Terauds, 1983), 39.5° (Miller and Munro,
1983), 41° (Komi and Mero, 1985), 38.5° (Rich et
d., 1985), 37° (Whiting et a., 1991), and 31° (Mero
et a., 1994). The angles of attack were aso
comparable to those measured in mae €elite able-
bodied throwers. 7.5° (Ikegami, et d., 1981), 6.2
(Terauds, 1983), 1.9° (Miller and Munro, 1983), 2
(Komi and Mero, 1985), 8.2° (Rich et d., 1985), I°
(Whiting et d., 1991), -1° (Mero et d., 1994), and
0.34° (Bartlett et a., 1996).

According to competition rules, the seat of an
ahlete’s char (including the cushion) for fied
events must not exceed 75 cm in height (Wheelchair
Sports, USA, 2002). For wheelchair athletes, the
chair design is important because it may help or
hinder the performance depending on how well it
fits the thrower’s ability. As a result, athletes use
chairs of different seat heights to optimize their
performance. The heights of release found in F2
subjects (Table 3) were considerably lower than
those found in mae dite able-bodied javein
throwers. 2.01 m (Terauds, 1978), 2.05 m (Miller
and Munro, 1983), 2.09 m (Rich et a., 1985), and
1.81 m (Mero et d., 1994). Although the height of
release is relatively less important than the speed
and the selected angles, if al elseis equal, athrower
who has a higher stting height and longer arms will
have a higher release height and an advantage over
throwers with lower release heights.

While most subjects in this study released the
javelin behind the seat front (Table 3), wheelchair
athletes usually release the discus and shot in front
of the seat front (Chow and Mindock, 1999; Chow et
a., 2000a). The right shoulder was located behind
the left shoulder at the instant of release in most
trids. To some wheelchair athletes, the lack of
norma trunk movements prevents a complete axia
rotation (twisting) of the trunk before the release.
As aresult, the right shoulder was located behind the
left shoulder at the instant of release. Compared to
the upright or forward lean body position at release
found in able-bodied throwers, the trunk inclinations
of our subjects indicate a backward leaning position,
especialy for throwers in lower classes, a the
instant the javelin was released (Table 4). It seems
that both a lack of control in trunk movement in
some of our subjects and the sitting position adopted
by wheelchair throwers may limit the trunk action
during the delivery.

Because inclinations of the upper arm and
forearm were poditive at the instant of release, the
sum of the inclination angles of these two segments
can provide an estimate of the angle of ebow

extension. The angular speed of elbow extension can
aso be estimated by summing the angular speeds of
the upper arm and forearm because the elbow was
extending at the instant of release. In genera, the
elbow extenson angles a the ingtant of release
found in this study (Table 4) were smaller than those
exhibited by made €eite able-bodied ahletes. 127°
(Komi and Mero, 1985), 123° (Mero « d., 1994),
and 126° (Bartlett et a., 1996). The angular speeds
of elbow extension at the instant of release were also
considerably smaller than those found in mae €lite
able-bodied javelin throwers: 41.63 rad- s* (Komi
and Mero, 1985). When compared to able-bodied
throwers, it is not clear whether the smaller elbow
extenson angles and angular speeds found in
wheelchair throwers are due the differences in
strength or technique, or a combination of both.

The greatest average angular speed was in the
hand in 80% of the throws anayzed This
demonstrates that the hand motion is aso a mgor
factor for determining the outcome of a javelin
throw performance. Although the contribution of
hand segment is limited by its short segment length
(equation 1), the effort to increase the hand speed
should not be overlooked.

Correlation coefficients

The correlation coefficient found between the
resultant velocity of release and measured distance
(r=0.95, p<0.001) is vey dgmila to the
corresponding values found in made €ite &ble-
bodied athletes: r=0.93 to r=0.99 (Ikegami et 4d.,
1981; Miller and Munro, 1983; Komi and Mero,
1985). Because the speed of releaseis determined by
the motions of upper body segments during the
deivery (Figure 2), the dgnificant positive
correlation between the speed of release and
classfication (r=0.71, p<0.01) suggests that, in

generd, the current classfication system is
reesonable in  diginguishing the functiona
differences among whedchair athletes. The

significant correlations between speed and height of
the javein a release and the classfication and
measured distance indicate that the variation in these
release parameters was primarily due to the
functiona capability of the athletes. The importance
of achieving greater speed and height of release
should be emphasized to improve the performance.

In genera, the results support the hypothesis
that shoulder girdle and trunk motions are
significantly related to both the functiond
classification and measured distance. The significant
correlation between the trunk inclination angle a
release and the classification may suggest that
athletes of lower classes do not have enough
muscular strength in the lower trunk to move the
trunk to a more upright position during the delivery.
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In fact, several of our subjects had to grasp a vertical
pole attached to the front of the chair for support
throughout the delivery. The significant correlations
between the angular speed of the shoulder girdle at
release and average angular speed of the shoulder
girdle during the ddivery and the classification and
measured distance imply that the shoulder girdie
motions not only differentiate the functiona
differences among wheelchair athletes but also play
a role in determining the variaion in measured
distance. The sgnificant correlations between the
angular speed of the hand at release and average
angular speed of the hand during the ddivery, and
measured distance indicate that the hand movement
during the delivery is dso a magor factor in
determining javelin throw performance.

PRACTICAL
CONCLUSION

The ability of the torso to support effective arm and
leg actions (the so-caled core stability) is essential
to peformance and injury prevention in many
sports. To provide a stable base for shoulder and arm
motions, wheelchair javelin athletes should strive to
maximize ther functiond potentid in trunk
movements. In addition, they should explore a chair
design that dlows a dtting position and technique
for optima control of trunk movements. Instead of
leaning backward at the instant of release, athletes
need to experiment different techniques so that they
can have a more erected posture at the release of
javelin. Within their functiond cepability, athletesin
the lower classes are encouraged to improve their
wrist flexion actions during the delivery.

The present study represents the first attempt
to describe the kinematic characteristics of javein-
throw performed by wheelchair athletes. The results
of the present study and those reported by Chow and
Mindock (1999) and Chow et a. (2000a) clearly
indicate that the shoulder girdle movement is a key
factor in determining field event performance among
wheelchair athletes. This may suggest that more
emphasis should be placed on trunk movements in
functional classification for wheelchair field events.
Although the results indicate an overal fairness of
the current classification system, more quantitative
data, especialy those collected during maor
competitions, are needed for identifying the strength
and weskness of individual functional classes.

IMPLICATIONS AND
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