PARALYMPIC SPORTS, THE NEXT
FRONTIER FOR SPORTS SCIENCE
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Organised sport for athletes with disability
started in 1948 in Stoke Mandeville, England

(Bailey, 2008)

Over the last 7 decades, a number of
organisations formed

IPC organised the Paralympic Games every 4 yrs

2008 Beijing Paralympic Games had 20 sports
and 3951 athletes from 146 countries rc, 2009)




Classification & Eligibility

* At Beijing in 2008, classifications groups
included spinal injury, amputee, visually
impaired, cerebral palsy and les autres ec, 2009).

* Much within- and between class
heterogeneity of athletes exists

— Ongoing debate exists on how they should best be
classified so to ensure fair competition (ones and witson,

2009; Burkett, 2010; Tweedy and Vanlandewijck, in press).

— Structural vs Functional approaches



Locomotion

* Paralympic athletes compete in sports where
they need to move quickly when:
— Running
— Swimming
— Cycling (leg- or arm-propelled)
— Pushing a wheelchair.

* Following section will examine the findings of
some selected studies that examined the
biomechanics of Paralympic running, jumping,
swimming and wheelchair propulsion.
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Running

* Debate has raged about benefits of prosthetic
limbs since Oscar Pistorius attempted to
qualify for 2008 Beijing Olympics Games

 Metabolic cost of running, sprinting
endurance and running mechanics were
examined in trans-tibial sprinter

— Compared to data from the literature and 400 m
able-bodied sprinters of similar anthropometric
and performance levels

Weyand et al. (2009) J Appl Physiol
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Table 1. Sprinting mechanics

Mbcdvure L0 s Top Speed
Time of contact, &
[ntact Iimb sprinters D04 0,00 L DR 0 G
Ampotes sprinter 113 G107
Diffarence (% 50 - 5.5 +157
Percent difference + 141 +142

Swing tme, s
Intact limb sprinters

(E3T F 003

0,359 (0014}

Ampulee sprinter 205 0,784
Chiference (= 50 —3.3 —d.
Porcent differomie —21.0 =21:0
Acral tnie, 5
Intact limib sprinters AU ADDIT ) 1M (LT
Smputcs sprinier LOe2 EREE
Difference (= 50 — 4. -3
Percent difference —345 -34.4
Stance average verticnl Torce [ ¥Wh)
Intact limb sprinters 232 (0,10) 2 ML)
Ampulee sprintes 1.7 |54
Rifference (= 5D —~ 5.2 =16
Percent defference —22.0 - 31,7
Peak verhical force (2 Whi
Intact limb <printers 3724030 1031051
Armpalie Spranter 114 138
Difference { % §1n —1:5 — 1]
Prercent difference -128 —14.0

—

Vihees e means and S0 (- parentheses) for 8 = 4 inadt-limb sprintess,
Topispeedy of our tmptites and mAact-linb sprinters were LR and LS (8D
0.6 miss espectively, Top speed: stride length = 4.22 v 486 (5D 027 m:
strde fiequency = 256 ve, 2,21 18D B08) Hi 100 nids; seride length = 4.06
v A TI(SD ALY mstride Trequency = 246 v 217 (SD0L0BY) Hie. Forces
are expressed o multiples of body werghl £0Ws)

Weyand et al. (2009)
J Appl Physiol



Jumping

* Examined changes in kinematics during last
few strides before long jump take-off

— Six male unilateral trans-femoral and seven male
unilateral trans-tibial amputees competing in a
World Championships final

— Filmed in the sagittal plane using a 100-Hz digital
video camera

Nolan & Lees (2007) J Sports Sci
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L1l

0,640 4

£ - I
% N\
= 030 FAR Y
ks _.-"J W
e i
By s S \ -
E ﬂ-l:”l —I_ -I'-:I-'"
= 4 L]
z \
- 0.24) & A
R \
£ .
o Ao d

|
] -
140 | ; :
slarn 3L57s  2LBmp L840 LSp LS10 Ty

Approach run stride

Figure 2, Verical velociny of the centre of mass a1 toush-down (1D} and mke-off (70} for the last few drides on the spproach run (308
third last smide, 218 = second last stode, LS = last smide, Ty, = touch-down on the toke-off boued) for trans-femoral (#) znd rans-ribial
(M) ampuoees (&, Lees g al, 1994 The solid line (=} mdicatcs when the oot 5 in contact with the ground.,

Nolan & Lees (2007) J Sports Sci



% HCM
Z

38 1

ELSTD ELST[} ELSm :'_'I.,ST{]. LS'T!] I_-ST{_; TD,FEI'HF
Approach run stnde
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board) for muns-femoral (#) and vrans-ribial (W) amporees. The alid line (=} indicates when the foot is in contact with the ground.
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Table 11. Mean lengtha () of the third st second last and st
arides of trans-femvoral and rass-tubal (TT) amputees on the
approach run (standard deviagions in parenthesss).

Third Secnnd
1acy krrde bnsr struche [ast stade
Trars-femoral 1.58% 1.B3°* 1. 66"
(LT fOn 20 (0. 167
Tranz-ribial o s = 0"
{[_I'. &) (K271

*spmificant Jdiflference between wans-tghial and trans-femoral
amputges,  Trend towards 3 difference berwesn rans-tibial and
trans-femoral smputees: “I'rend towards a2 difference from che fasto

siride, FTrend wwards 3 difference from the second lasr seride.

Nolan & Lees (2007) J Sports Sci



Tabte T Mean duranons (53 of the thed last, second last and lass
atrtdes of rans-femoral and mamz-ubial smputess on the approach
run (standard devianions i parenthases),

Thted lasr srmde Second lost strde Last stnide

Trans-femoral 11 REL o1l

(3,01 (0,02 (001
Trans-thaal I .12
(.01 (0.02)

“Trend towards a difference from the lasc soide.

Nolan & Lees (2007) J Sports Sci



Swimming

* Examined relationships between swimming
speed, stroke length and stroke frequency
with anthropometric characteristics

* Thirteen highly trained single arm amputee
swimmers (3 male, 10 female)

* Underwater filming from a lateral view during
seven increasingly faster 25-m freestyle trials.

Osborough et al. (2009) J Appl Biomech
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Anthropometric Correlations

e Stroke frequency at maximum swim speed
significantly correlated to:

— Biacromial breadth (r = 0.86)
— Shoulder girth (r = 0.64)
— Upper arm length (r = 0.58)

* No significant correlations between
anthropometry and stroke length

Osborough et al. (2009) J Appl Biomech



Wheelchair propulsion

* Very common form of locomotion:
— Athletic events from 100 m up to the marathon
— Many ball sports
— Many athletes also use for day-day movements




GA =425

EA = +490,5"

Fig. 4. Whealchair configuration and seat pasition influencing the arentation of the push angle. Laft: arientation in 1986 according
te Higgs!™. right: orientation in 1995 acearding to Wang ef al ™% EA = end angle; SA = start angle.
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Fig. 5. Wheelchair racing prapulsion technique. 110 2 = acceleration phase; 2 = impact energy transfer phase, 3= drive phasei4 =
rotation farce production phase: § = disengagement phase; 5101 = back swing:

Vanlandewijck et al. (2001) Sports Med



Camber angle (vertical Horizontal displacement
, on every-day chairs) " 3

Base/Back angle

Hand-rim diameter

Seat base

Figure 7. Characteristics of a wheelchair viewed from both the
frontal and sagittal plane.

Goosey-Tolfrey (in press) Disabil Rehabil



100 m Wheelchair Sprints

* Six T4 and four T3 wheelchair sprinters
e Performed two 100 m sprints

* Acceleration, maximum speed and
deceleration phases examined

Chow & Chae (2007) J Biomech
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100 m Wheelchair Sprints

* With increased velocity:
— Increased stroke length
— No real change in stroke frequency / time
— Reduced push time

e 100 m time correlated to:
— Maximum speed (r =-0.982)
— Acceleration duration (r = 0.649)

Chow & Chae (2007) J Biomech



Wheelchair Velocity Profile

Case study involving one elite T4 wheelchair
100-400 m sprinter

Performed 8 x ~10 m sprints
100 Hz video analysis and velocometer used

Examined push and recovery phases as well as
HAT movements

Moss et al. (2005) J Biomech



Table |

Mean propulsive cycle data for the first six pushes of the sprint start calculated from eight trials

Push Propulsion phase (s) Recovery phase (s) Push durations (s) Contact angle (°) Release angle (°) Range {°)
P1 0.6210.02 0.20+0.01 0.8240.02 6545 —5+14 70+ 11
% Cycle time 76+1 24+1 :

P2 0.33+0.01 0.1910.01 0.5240.01 72412 —274+9 99119
% Cycle ttme 63+1 3741 :

P3 0.28+0.01 0.214+0.01 0.494-0.01 75413 ~4245 117415
% Cycle time 57+t 43+1

P4 0.24 1:0.01 0.23+0.01 0.471+0.02 81+8 —43415 124+15
% Cycle time 5242 4812

PS5 0.214+0.01 0.241+0.01 0.4540.01 30+11 —46429 125427
% Cycle time 47+2 53+ 2

P6 0.214£0.01 0.24-+0.02 0.454-0.01 83+12 ~50+21 133427
% Cycle time 4743 53+3

Table 2

Mean velocity data for the first six pushes of the sprint start calculated from eight trials

Push Velocity at contact (ms }) Velocity at release (ms’ ) Peak velocity (ms™') Time of peak velocity (relative to contact) (s)
P1 0 1.540.1 1.61+0.F 0.654+0.04
P2 1.2+0.0 2.4+0.1 2.510.1 0.3720.01
P3 20400 3.0+0.1 3.110.1 0.3230.00
P4 2.6+0.1 3.5+00 36401 0.3140.02
Ps 3.04+01 3.9+0.1 4.140.1 0.2840.01
Pa 3.5+0.1 42401 4440.1 0.28+0.01

Moss et al. (2005) J Biomech



Wheelchair Velocity Profile — HAT Role

e Peak velocity occurred just after release

* Net momentum of the HAT fluctuates during
each stroke
— Positive momentum during backwards movements
— Negative momentum during forwards movements
— Would appear that the backward movement of the
HAT after release acts to transfer momentum

 Would suggest that over-ground and not
stationary wheelchair ergometers used in
research and sports science consultancy

Moss et al. (2005) J Biomech



Wheelchair propulsion

 Compare the velocity of wheelchair
propulsion with and without the use of a
tennis racquet

— Eight male wheelchair tennis players performed a
series of 20m sprints from a stationary start

— Velocometer used to record changes in velocity

Goosey-Tolfrey & Moss (2005) Adapt Phys Activity Quart
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Figure 1 — Wheelchair velocity versus time plot of propulsion with and without a
tennis racguet {solid line indicates the R condition} Example taken from participant

number 5,

Goosey-Tolfrey & Moss (2005) Adapt Phys Activity Quart
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resulted in significantly higher velocities than the R condition (p < 0,01), Effect sizes
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Goosey-Tolfrey & Moss (2005) Adapt Phys Activity Quart



Projecting External Objects

* 3-D kinematics of the shot put and upper
body segments at the instant of release and
during the forward thrust were determined.

— Relationships to athlete’s medical classification
and performance were examined

* 17 male shot putters of different classes

e Each participant performed six trials and the
best trial was selected for analysis

Chow et al. (2000) J Sports Sci



Table 1. Putterinformation

Baody Personal Throw
Putter Classifi- s Mg hest” analysed
. cation (ke (vears) arandard” L) fmy
| i 1K 31 Elite 7.9 5.24
P E2 T2 2% Ehite - 3.93
3 F3 95.9 33 Elite 5.9 P
4 B4 Ti. 47 Emerging o33 T2l
5 Fa TG 37 Eiite =209 1.26
i F4 1000 22 Emerging - 6.51
i ES5 LT T 48 Hilte 10:20 .11
= b5 111.4 26 Emerging 6,96 8.10
£ | 134.1 21 Elite Tl TA5
L0 F5 Q7.7 o Elite 1032 o g
Ll ] 1273 2kl Emerzing - 4 29
i 2: E6 4.5 2T Elite 8.36 T8
13 Fa 34.5 14 Emerging (.92 6.23
14 =T 1159 48 Elite 10,78 1013
15 F7 HE.5 30 Emerging 2.10 8.00
16 BT 741 44 Elite Q.89 1.343
17 B3 2.5 19 Emerginge - 198
“atandard rated by Wheelchair Sports, USA, ChOW et al. (2000) J SpOI’I‘S SCI

" Beat throw recorded in official comipenitions,
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Fig. 1. The chair used by an athlete must be locared inside the circle but the footrest(s} or part of the legs can promrude outside
the circle {a}, Some athletes of the lower classes hold on to the chair or a pole thart is fixed to the chair for additional support duning
the puts (b)) The segmental model used in this study is defined by the mid-hips {A), mid-shoulders (B}, right shoulder {C), right
elbow (I3}, nght wrist () and third knuckle of the right hand (F).

Chow et al. (2000) J Sports Sci



Table 2. Selected characreristics of the shor ar the instant of release {mean + 1)

Classification
He E3 F4d F5 F6 =7 E&
{(m=23) (m=1) (n =3} (n=3) (1=2) (=13} (n=1)

Speed of release fm-s ")

horeontal L | 5.0+ 0.0 G.0+02 8.5+ 1.0 H.h+ 0] okt 1.1 H.+ 00

vertical 20x1.5 2.2+ 0.0 303 3,54 1.0 Tt 1.2 4. F5+0.4 F.9+£0.0

resultant 5.3+0.6 6.0 +0.0 Ga+0.3 T4 13 T4Ea5 TELE1.1 Ta40.0
Angle of release {™) 19,8+ 13.7 2222040 208+ 23 Lo e o & 238t 68 33T E21 293+ 0.0
Optimum angle (%) e o . T B 33 R0 36,32 0.6 FoT+1.B 36.9+0.7 9 =1.5 6.7+ 0.0
Angle difference ()¢ =135+ 11.3 —I1.6%00 -5+ 1.8 -0+ B85 13.1 £ 6.1 -3.2 3.6 =T = 0.0

* A negative value ndicates char the angle of release 38 smaller than the optimal angle.

Chow et al. (2000) J Sports Sci



Table 6. Sp{tarm'.!n rank-order correlation coafficients

Classifi- Meleasiired
Yariable catlon disgance
Shot at release
Angle of release .35 0. 52"
Height of release 1 P 0. 7o%**
Forward location relative 1o seat 0,24 (k110
front
Lacation cclative to right shoulder
fopward 3,100 —F.d2
vertical .32 et
lateral 0.28 0.26
Location relative to leftshoulder
forward 12 0,03
vertical 043 0:64%*
|lateral .24 Q.10

Significantat: "< 0.05; " P <0.01; TP 20001,

Chow et al. (2000) J Sports Sci



Body segment al release

Inclination

crunk QT 0,001
shoulder mirdle UE5 0.30
Upperarm 4 i g .22 I
forcarm .02 .43 ; . :
hand -0, 03 .08 "

Angular speed
Trunk (.42 Q.18 WJI
shoulder girdle 047 0.8 H -”'ardm-f-.-
Upper arm .63*" T L adii “ ‘
forcarm (.39 .08 - 3
band (.26 (.50*

Range of motion during the delivery

Trunk 0.006 0.30

shoulder mirdle 053 (. 55"

Uppcrarm S T T .41

Forearn .11 (3.7

Hand 18 0149

Average angular speed during the delivery

Trunk 0.66** LLBTT

shoulder girdle Lee* = 0.60**

Upper arm 4 R L a1 "

Forearm 0.53% 046

Hand 38 0.37

Significaptat: "2 <005 * " P <D0 TP <0000

Chow et al. (2000) J Sports Sci



IPC Powerlifting Records

World Records — Men (as of September 2008)

Event Athlete NPC | Result City of Date of
Competition | Competition
Uplo 48.00kg | ISHAKU Ruel NGR | 169.00 kg | Beijing 09.09.2008
Upto 52.00kg | JUNG Keum-Jong KOR | 190.00 kg | Sydney 24.10.2000
Up te 56.00kg | OTHMAN Sherif Othman EGY | 202.50 kg | Beijing 11.09.2008
Up to 60 00kg | MOHAMMADI Hamzeh IRI 203.00 kg | Busan (15.05.2006
Upto 67.50kg | MATHNA Metwaly Ilbrahim | EGY | 222.50 kg | Busan 05.05.2006
Up to 75.00kg | ZHANG Haidong CHN | 240.00 kg | Sydney 26.10.2000
Upto 82.50kg | ZHANG Haidong CHN | 24850 kg | Kunming 18.05,2007
Upto 80.00kg | PARK Jong-Chul KOR | 250.00 kg | Busan 30.10,2002
Up to 100.00kg | @l Dong CHMN | 247.50 kg | Beijing 16.09.2008
Over 100.00kg | RAJABI GOLOJEH Kazem | IRI 265.00 kg | Beijing 16.09.2008
IPC (2009)

http://www.ipc-powerlifting.org/export/sites/ipc sports powerlifting/Records/

2010_03_17IPC_Powerlifting_RecordsxSeniorsx.pdf




IPC Powerlifting Records

World Records - Women (as of September 2008)

Event Athlete NPC | Result City of Date of
Competition Competition
Upto 40.00kg | SOLOVYOWVA Lidiya UKR | 105.50 kg | Beijing 09.09,2008
Up to 44.00kg | EJIKE Lucy Ogechukwu NGR | 127.50 kg | Athens 20.09.2004
Up to 48.00kg | EJIKE Lucy Ogechukwu NGR | 130.00kg | Beijing 10.09.2008
Upto 52.00kg | PEREZ VASQUEZ Amalia | MEX | 130.50 kg | Rio de Janeiro 14.08.2007
Upto 56.00kg | OMAR Fatma Omar EGY |141.50 kg | Beijing 10.09.2008
Up to 60.00kg | BIAN Jianxin CHN | 135.00 kg | Beijing 13.09.2008
Up to 67.50kg | FU Taoying CHN | 14550 kg | Beijing 13.09.2008
Up ta 75.00kg | ZHANG Liping CHN | 145.00kg | Busan 10.05.2006
Up to 82.50kg | AHMED Heba Said EGY | 155.00kg | Beijing 14.09.2008
Over 82.50kg ANOZIE Grace Ebere NGR | 167.50 kg | Kuala Lumpur 05.12.2007
IPC (2009)

http://www.ipc-powerlifting.org/export/sites/ipc sports powerlifting/Records/

2010_03_17IPC_Powerlifting_RecordsxSeniorsx.pdf




Evolution of Sports Performance

e 724 official finals times were analysed for 120 male
and 122 female swimmers in the 100-m freestyle
event at 15 national and international events from
2004-2006.

e Separate analyses were performed for males and
females in each of four subgroups:
— S§2-S4, S5-S57, S8-510 (physical impairment)
— S11-S13 (visual impairment)

* Mixed modelling of log-transformed times, with
adjustment for mean competition times, was used to

estimate variability and progression.
Fulton et al. (2009) J Sports Sci



Table [ Numbers. of races and race times for each Paralympic
qwirrersthg chass (menn = 1],

Male swimimers

Femnle swimmers

Class Haces Race time (5] Faccs Race time {5}
a2 2d LeAES £+ 11,1 I3 40,5+ 14.4
53 28 L2744 = £4.3 21 131.7 = 148
LT K> W04 4+ 10.49 7 1138+ I1/7
a3 26 852+ 149.] 24 U502 104
= 26 4,1 4 7.9 34 EG.9 = 3.7
57 34 T B o 43 824 = T.9
=H Wb 63.7 £+ 4.5 3 0.9 * 4.8
50 L Gk £ 1.8 32 6%.4 = 2.0
514 42 373+ 20 X! 66.5 £ 25
11 - 638 & Sul 21 TSR+ 4.7
Lo i A 2] 7.3 £ 4.2
313 28 0.2+ 3.9 34 00.0 £ 3.5

ot Class S2-810 [radsr through least pryymcally wnpaired); Classz

a1 1=513 (moeer throweh leass vizualiv wnoarred ),

Fulton et al. (2009) J Sports Sci



Table TL. Sample sive ael effect sttistics for withinswimmer race-to-sace vorinbility (a3 cocfficient of variation), Tace-ro-race
reproducililiny (as an inraclass correlagen), and vearly percent progression in the four disability subgroups.

Subgroups® Swimmers fages, per swimmer Varmbility® (%) Feproducibatiny Progression” (% per vear)
Males

$2-54 25 27 37 (2.0 16'5,3) oR2 0.8 F—1.910 3.5
5557 28 3.3 1.3 70,9 1o 1.7 0.7 0.8 {—0.2 10 1,9)
SH-5T0 21 33 L34 1.3 a1 0.5 (=M1 to 1.00
S11-%13 10 2.6 240171142 S 00 i 2.73%)
Females
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Training Practices

e Sixteen elite swimmers (9 men and 7 women)
who qualified for the 2006 IPC World Champs

e Data grouped by:
—class (S8, n=5; S9, n = 3; and S10, n =4) and

— disability (cerebral palsy n =5, arm amputee n = 3,
and leg amputee n = 4) for the subgroup of 12

— Three swimmers who were the sole individuals in
their class (S3, S6, and S7) and 1 long distance
swimmer (S10) were excluded from this subgroup

Fulton et al. (2010) J Strength Cond Res
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Training Practices

* Effects of an 8-week resistance training
program on static and dynamic strength and
power performance examined

— Performed twice per week with 5 sets of 10-12
repetitions of the bench press

— 16 subjects (8 spinal cord injured and 8 able-
bodied controls)

Turbanski & Schmidtbleicher (2010) J Strength Cond Res
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Tase 2. Absalute values for all parameters in pre- and past-testing (mean - standard deviatian),

Wheelchair athlatas

Cantral subjects
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Frnz = maximal atrengih; MRFD = maximal rate of farce development: TRM = 1 rapeiition maximum; SE = slrongth endurance.

Turbanski & Schmidtbleicher (2010) J Strength Cond Res



Applications of Research

e Still much to learn about:

— The most important factors underlying performance in
Paralympic sports

— How Paralympic athletes respond to various training programs
— Within- and between-athlete variability

* Limited sport performance studies suggest:

— There are many similarities between Paralympic and Olympic
athletes, but also many significant differences within- and
between-groups

— Coaches and sport scientists who work with Paralympic
athletes need to be aware of these similarities and differences



Future Research Directions

e Continued research into sports-specific
outcomes

— Larger sample sizes so that more between-group
analyses of Paralympic athletes can be done

* May be best done at actual high-level events
— Possible role of functional variability

— Understanding progression and variability of
performance is vital

— Effect of training programs on performance
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