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A Three-Dimensional Cinematographic Analysis of Sprint Start Motion in 100m Ice Sledge Speed Racing
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—Racing Analysis of 1998 Winter Paralympic Games in Nagano—
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The refinement and improvement of ice sledge propelling techniques, particularly those of high caliber
athletes competing in Paralympic Games, demands detailed knowledge of the mechanical characteristics of the ice
sledge propelling movement pattern. The purpose of this study was to investigate the sprint start motion of ice
sledge speed racing in 1998 Nagano Winter Paralympic Games. Four male competitors were video recorded by
two high-speed video cameras at 200 fps during the 100m races. The direct linear transformation method was
used to obtain three-dimensional movements of upper limbs, trunk and ice sledge. Linear velocities of the sledge
and body segments and three joint angles were calculated.

Contrasting patterns of velocity-time curves in the ice sledge and the competitor's shoulder were observed in
the ice sledge propelling. Similarity was observed in rowing. Also all competitors exhibited a similar series of
angular motions; trunk extension —elbow extension— shoulder flexion—trunkflexion—elbow flexion—shoulder
extension during each cycle. However, these kinematic variables did not show any relation to performance time.
The fact that this might be connected to the absence of mechanical energy and efficiency during start was
indicated.
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Figure1. Experimental Set up.

IR S, K FAICHEHL S % F T% recovery
phase & L, ZO—DEEEZ 14 70 E& L1z, A
5= b SEF3 A 7 VDU EBE SR A H
Bi/ze b— AREH (KEM) 26 Bk o8 l Y
REKL7ZE T T AN ADPSL 3 A 2B b
Loy U EARETOMBE & S L7z F - R & E o 3 2k

TCZEMERE L DSy SV SINEAR. TH B
BLOKGHROMBELR 2N LY LA (102),
RGN T— Z & 2RO BTNy — 7 — 2 — %
ATTENT AN G F G R 12, 5 Hz T
T b s iz,

TR & B
1) HUE 4
RAGED i # A BT H100m O PH s 1. LW
7T AD 1AL OB E DY 6.91misec, 2 1 D iy H

6.87m/sec TdH 1), LWI0O 7 T A @O 1L O i i %
6.74m/sec, 2 1. D i F # 5.69m/sec L V) i o 7o (F

&
¥ & Y
( ) X ELBOW
o 2"
/ % flexion
- _ X 0 {( )-
\
extension \/l
0deg

®:R-hand (third metacarpal)
@:R-elbow (lateral condyle)
@:R-shoulder (acromion)
@:L-shoulder (acromion)
®:L-elbow (lateral condyle)
®:L-hand (third metacarpal)
@:R-hip (greater trochanter)
@):L-hip (greater trochanter)
R; right, L; left

+: extension”” 0 deg = flexion
L VA = 4,
+: extension” i T X
< ¢ i
| Y axis (0, 1,0)

Figure2. Definition of vectors for angular calculation.

Table1. Racing results and mean velocities.

100m 3 cycles at start
compititor  results  time (sec) mean velocity  mean velocity
(m/sec) (m/sec)

LW11

K. L. rank 14.47 6.91 1.94
Y. Y. rank2 14.55 6.87 2.02
LW10

YT rank1 14.83 6.74 2.23
T.W. rank5 17.59 5.69 1.46
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Figure3. Velocity-time curves of ice sledge and competitor's
shoulder. (Dr: drive phase, Re: recovery phase)
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Figure4. Velocity-time curves of ice sledge and competitor's
shoulder. (Dr: drive phase, Re: recovery phase)

Table2. Mean total range of flexion during 3cycles at sprint start.

ANGLES (deg)

compititor  results elbow shoulder trunk
LW11
K. L. rank 24.1 77.0 17.7
Y. Y. rank?2 27.9 78.6 9.5
LW10
Y. T. rank 36.9 78.5 14.7
T. W. rank5 39.5 77.7 16.4
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Figureb. Patterns of elbow, trunk and shoulder angles (LW 11, rankl).
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Figure6. Patterns of elbow, trunk and shoulder angles (LW 10, rankl).
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Figure?7. A series of joint angle pattern during each cycle at sprint start (Ex.: extension, Fx.: flexion).

Table3. Mean velocities (3 cycles at start) and total ranges of flexion (drive phase).

racing result mean velocity at start angle (deg)
(m/sec) elbow shoulder trunk
LW11
K. L. rank 1 1.94 19.8 67.6 17.2
Y. Y. rank 2 2.02 22.3 72.2 9.3
LW10
Y. T. rank 1 2.23 31.2 60.5 10.6
T. W. rank 5 1.46 34.4 60.5 15.5
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