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Abstract »

Sports medicine has recieved a considerable amount of atiention in recent years.
Unfortunately, a limited amount of sports_injury information is available in wheelchair

sports. The purposc of this study was to. provide a profile of wheelchair athletes’ injuries

- through participation, training or competition in wheelchair s’pqrts.

An original questionnaire was administered to Canadian wheelchair athletes at 4 games

in Canada throughout the summer of 1985. The results indicated that the most common

_ injuries wc’rckblislers (23.2%), abrasions (21.5%), muscle strain§ (16.3%), and tendinitis

0) Eighty pcrcunl (80%) of the 90 athlctes competed in an average of 5 competitions per
year, in 35 different sports. The modal level of training was 6 to 10 hours per week. The high
’participation sporls were also the SpOI‘lS with the h:ghest injury iricidence rates: basketball -
(1.91/participant), road racing (1.17/participant}, rugby (1.l4/participant), and track events
(1:12/p.a‘ni'cipam‘). The hands (20%); shoulders (15.5%), fingers (11.8%), and arms_ (10%)'
were the t;ody parts most commonly injured. Of all disability groups, the 'lgs autres’ had the

highest injury incidence. Although 72% of athletes wore protecuve equipment, most (60%) ’

.//

wore gloves, leg straps (23.3%) or arm bands (8.9%). One quarter (25%) of wheelchair

“alhlctcs received no treatment for their injuries and less than one third (30.8%) sought

medical aid or advice.

Fhis Cliolbgical rescarch study provides basic descriptivc informati\on on wheeichair '

-

4
Y

sports injury that is valuablc to wheelchair athletes, coaches SpOTtsS med1ca1 personnel and
mlcrcstcd others. Its conlrlbutlon to disabled sports will be recogmzed as an initial pioneering
cfforl 10 cstablish-a basic framework for future, scientifically sound studies in wheelchair

sports medicine.

o
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Chapter 1
Introduction

Pl

Jf you treat a man as he is, he will temain as he is. If you treat a man as
he should and could be, he may become as he should and could be. Never
underestimate another's potential for no man has the right to set
hmnauons and restrictions on another man's potential,

(Anon)

A. History

In the long hislor’y ol competitive athletics, sports for the physically challenged are a
recent dcvclopnknl. After World War I, the sudden risc in\ the number of disablcd war

-

velerans forced the mcdlcal world to bc more altemwe to the demands and rehablhtatlve needs
of amputees and spma] -cord injured mdmduals (Grosfietd, 1985). Prior to WWII, little time
was spcm on the rch-abxlnauon Qf disabled people; "thc‘sooner they dxec; the better for all
conccrnc(i " (Goodman,,' 1980, bp.97). There were fewer disabled personsl, ann the prevailing
,aun{m towards them was ncgatiye. Society viewgd these neople as incapable of ever fullry '
?lcvcloping Lffcir potential. This negative philosophy was so strorg that traditional thinking
- aceepted that spil{al cord injured peop}c shonld pass their time "sittinan a wheelchair waitin\g
for death while their bodies and spirits wasted away ".(Diarn‘ond and 'McKeox'vn,.1985). Spinal
paraplegics and ‘quadriplegics Wcrc considered .hopclessvcripples wiLhA short lifespans
((imlmann_ 1976). Before the diécovpry of antibiotics and the z;dvancements in modern
mcd_iuinc. a spinal-cord injury was "virtually a diath sentence "(Ross, Cosbie, and Harris,
1980: in Pool and Tricot, 1984). As quoted from Wagner and Stoplér, two respected German
nh,\'sicinn_s at thb turn of the century,
severe spinal-cord injury is the ph)'sician's forlorn task. even while
Knowing that the patient is approaching an carly death, to keep them alive

for weeks and months on end, only to see them wretchedly fade away
despite all skill and efforts : (Goodman, 1986 p.97).
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Up to and during WW 11 paraplclgia was the most depressing and neglected subject of

all medicine, and it was regarded by doctors with "profound pessimism "‘((‘modm:m. 19806,
p.98). The medical profession’s greatest concern, with regards to spinal cord injuries, was
-
their many life-threatening medical complications. Those who survived the mental anguish
and despair died from serious medical ailments including dCC}’l“bil.u;ﬁ_ulCCl‘S (advanced pressure
. -

sores ). urinary psepsis, kidney disolrdcrs, and severe lung infections (Guttmann, 1976).
Mcdic§l assistance for spinal-cord injurcd p.coplc was limited to coping with lhcirlhusic

survival needs. o -
AN

For many spinal-cord injured people of WW Il cra, the challenge of survival was

~

inconceivable. Overcome by society's negative attitude, their own lack of self -esteem, €he

*J

omnipresence of severe medical complications, and an archaic approach toward rehabilitation,
7 .

it was not surprising gflj‘lal the majority of individuals' with spinal-cord injury died within®

weeks of their initial trauma. During WW II, young paraplegic casualities were given two to

’ . . L4
three vears to live from the anset of “»ninal-cord injury, some as little as six weeks. The

following is an account of the acnic medical management of a paraplcgic of the WWII eriv in
+

England. >
A well built, over six foéu tall young coal miner was admitted with a
broken back and complete paraplegia below the waist. After manual
relocation of the spine the patient was put into a plaster body cast.
Thereafter, the patient was transferred to the surgical ward and screenced
off from other patients. According to the attending surgeon, that 'man
would be dead in six weeks at the latest’ (Goodman, 1986, p.28). Over
the following weeks that {inc, strong man was scen 10 have rapidly
deteriorated i~ health, to have become increasingly emaciated, and died
just five wee... after his injury as a result of psepsis from an urinary
infection ( Cjoodman_ 19806, p.2%).

Compared to the lifeépan of the spinal-cord injured in the WWIJ cra, the mortality rate of
the spinal-cord injured during WWI (1914-18), three decades carlier, was even higher.
According 10 Thqmpson and Walker (1937) 80% of “ritain a.rm)' p@onncl who sustained
spinal-cord»injuries in WW 1 dicd after }hrcc vee  ( Goodman, 19%6, p.9). Such Vs th

prognosis of the spinal-cord injured.
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pre- WWII frdgework, it was imbossiblc for the disabled individual to realize higher

This negative z_uhtudc toward the spiﬁal-cord injurc;i,liheiz .high morbtality rate, and
lhc.crud.c form of medical managemer' provided to these disabled individuals resulted in a
dim outlook. Their f.ocus was not much beyond basic survival. According to Maslow, a
wcl]—knowh psychologist, the basic biologicél needs for survival include hunger, pa.in
;1vo;dancc, affection, security, and,@lf-estcem' (Gatchel and Mcars: 1982, p.430). In. the
presentation of his influential phenomenological theory of self-actuglizzftion, Maslow argued
that "full d('vclopmcm of an i'ndividggil involvcs sclf—actualization, or qchieving fulfillment of - '
onc's inhe . potentials " (Gatchel a};d Mears, 1982, p. 432). This universai—drive to
sell -actualization is realized Lhroughvthé hierarchial fulfillment of goels (Figure A.l in
Appendix A). In his pyramid model, basic jsurvival needs fo_rm the gr‘oundwork tdr the
;lChiCVClT;Cﬂl of meta- goals. Mgslow's prescribed means 6f\mobility within phisjramc;w?g(,

was vertically. Thercfore, only when these basic needs had been satisfied could an individual

-

pursue further meta-goals. !

_Thc’disablcd individual in pre-WWII socicty did.not Tise verticaliy' through any of
Masl(;w's hicrarchial levels as illustrated in Figure A.1 (Appendix A). The prime._focus of
disabled people \#’as phyvsical si_xrvivai and daily living. According to Maslow's model, disabled
pcople would havc“lo achieve all of these 'basic needs’ at the primary level of the framework,

bci'orc cnergy could be Tocused on achiéving greater hierarchial goals. Thus, within the

hicrarchial needs.

Bl

[

B. Present l)n.\" Philosophy: .Rehubilitation

Howc'vcr, three factors concomitiantly contributed to a changein society's outlobk
towardsthe disabled person, and, latently, (o the increased lifespan of  the disabled indiv;'dual.
First was the overwhelming number of war veterans disabled in combat. Society could not

shun the war wounded; those with amputations, spinal-cord injuries and other service-related -

- casualities had Fought for their country. Hence, a mow respect for disabled people evolved.
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The second were the advancements in modern medicine and the discovery of
itibiotics. Prior to this great medical progress, an i'njur_\' to the spinal cord was “virtually a
death sentence "(Ross,boysbie, and Harris, 1980; in Pool and Tricot, '1984;. Those who
sur'vived'th‘e menial anguish and despair of their .diszibilil_\i died from scri.m'xs medical
complications. Physically, the ipitial trauma to the :»inal cord that rcs:nllcd i_n partial o1
complete paral?sis was so great that wheelchair-bound people had little hope of survival. O'nw
moderm medicine and antiobiotic drugs WC.‘r'c a’blc to control some of“these physical
complications, the lifespan of disabled people increased. Medical all_cmi.o'h: cmﬂd lhcﬁ be
focussed on the rchabi]itélion of these people, an area where little progress had been m;nlh‘
Thﬁgthird lactor that con_tribulcd to the acceptance of disabled people by society was
the introduction of athletics into .th'c rchabilimt'ior; process by an European neurosurgeon, Sir
LuvdWig Guttmann. In 1944, the Britivs.h government commissionced, and later knighted, Tudwip
Guttmann, a Jéwfsh docior who cséapcd the Nazis in the 1930's, as Medical Dircctor of a
épécia] unit at the Stoke-Mandeville Hos;iil£ai in England. H‘i\si' yc’sg)onsibililics inﬁludctl carinyg
for Lhoée disaﬁled in the war. He spcci'alizcd in work dcali-ng with spinal-cord injuré;i people.
! : . ’ L
KRAe:h'abilitaliQn of the great numbers of waf’vclcrans. who had bécome severely dis;_xblc{l
qﬁaériplegics and paraplegics in WWII, was the primary reason for ‘Lh.c opening of this centre;
As a rehabilitation center, the accepted objectives o1e 10 encourage disabled people
Lo make maximum use of their remaining fur_lctions and to ohtain the higﬁcst degree of
indepéndencc permitted by their disability (Burke and Murra'y, 1975). 'fo a_ch:icvc this
independence, it was necessary 10 create a positive sclf'-im_agc by the promotion of cgo,
feclings'of sclf‘-worlrband greater sclf’-éslccm. TQ foster the growth of this new self -image,

rehabilitation must acknowledge the intricate rc.lalionship between mind and body (Schlenoff

1980, p.76). Thus, the emphasis of the rehabilitation process must be on the person's

~ capabilitics not on the disease. For, as McCann remarked, "it is'not what you have lost, but

what you have left that counts"(McCann, 1981 p.46).

2}

w



Convcm‘xonal,.rehabxhlauon methods had not mcluded recrealion or sports. Tho
erdmonal passive approach towards rehab:mauon mostly involved gentle massage Lechmques
(Goodman, 1986). Many of the methods were found by Lo.be outdated and 1;dequate
(Qoodman 1986, p 1]]) Guutmann's philosophy toward the managemem ‘of the spmal cord
mj urcdd was Iundamumally diffcrent. He masterminded today’ s concept of total care for the
spinal- cord mjurcd paticnt. He wished to provide a comprehensive mcdlcal scrvxcc to "rescuc -

paraplegics and quddnplcglcs from Lhc human scraphcap and to rcturn .Lhem .. t0a life
worth living, as uscful dnd rcspu,led cmzcns in Lhc commumty " (Goodman 1986, p. 99)
Thus (;uumxnn approach was al variance with the prevallmg amludes of the prc -World

War.!l modical commumly-. o . -~
C. \Vllcclol;:lir Sports: Tl{cir l%eginnillg_

.According 10 Gut'lménn, Lho grandfathc‘rrof wheelchair sports, "nowherc nuld the
philosophy of modern rehabilitation, ite objectives, aims, and goals find a better application
“and justification than in sports"(Gutc..ian, 1976). That sports and exercise are beneficial has
bocxx ﬁo écocptcd fact since the L:ime of Galen and Maimonides in the Second Century B.C..
For "al.lyonc who livc_s a sedentary life énd does not exercise even if he eats good food and
takes carc of himself according to proper medical principles - all his‘ days will be painful ones
and his strength shall wane"(Goodman, 1986, p.144). The great advamage of sports over
formal remedial exercise, perhaps of the var-icly entertained by.the Greeks, lies in its
recreational value. Morc than lormal exercise, sporvts restofe the passion for playful activity
and the desire Lo cxpcricncc the joys and pleasures of life. At the Stoke-Mandeville Centre, in
Fcbru‘ary'_ 1944, Guumano was given the opp‘orl.unily to oursue his interest and dream of
sports participation by disabled people (Goodman, 1986, p. 101). It was at Sloke; that his
radical views toward the (reatment of the spinal-cord injured wefce first put im'o‘bra.cti'cc‘.
Appropriately, it was also at Stoke Mandeville that wheelchair sports competition began. To

Guuimann, sports represented the most natural form of -remedial exercise: onc whose benefits
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are of significant therapeutic, recrcaliél, psychological.j and social value. No_l only did -
sporting activitics have all the components of physical development, théy provided conuu@vc
challenges, built self-cs_tccm, and "relieved the boredom of hospital life™ (Guttmann, 1970).
Guttmann appreciated the qualitic; of sports whi‘ch develop courage, emulation, and
the gréatcr excellence of oncself (Pool and Tricot, 1(584). In essence, he utilized sport to help
the disabled people's upward mobility, within Maslow's hicrarchy, toward the ultimate goal of
self -actualization or the achievement of ps_\’chologimf. soctal, mental, and physical well-bemng.

Hce advocated that, "the most effective way to prepare anyvone for ... socicty is 10 get them

- actively involved in developing their strengths” (Guttmann, 1976). These strengths, he felt,

could be rediscovered through active involvementin reereational and sporting endeavours.

. v .
Sporting activities, he claimed, "have all the components of physical development, competitive

challenges, and self -esteem building'v' (Guttmann, 1976, p.12).

D. Competitive Sports Involvement :
Prior to the 1940's, no disabled person, cither paralyzed or amputee, had formalh

participated in recreational or sporting pursuits. While able-bodicd athletes competed in the

Olympic Games, the spinal par_gp]cgics and quadriplegics were considered hopeless cripples

with short lifespans (Guttmann, 1976). As Anderson stated, "il is not often enough in
rehabilitation that the higher goals which might permit the disabled person to participate in
Sports or recreation.are considered” (Anderson; 1984, p.57). This non- participation in

recreational pursnits by the disabled continued until July 2§, 1948 when Guttmann introduced

competitive wheelchair sports. On the grounds of the Stoke-Mandeville Hospital in Avlschury

England, 16 war veterans gathcred to compete in thcvfir_sl documented, organized athletic

archery competition for disabled persons. Never before had disabled persons competed s

athletes in their own right. Through competition, the disabled were provided with the

——

opportunity to learn the life of an athlete, the love of sweet victory, the agony of defeat, 1he

hard work and dedication nceded to endure long hours of training, and the unfortunate

1

*
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omnipresence of sports injuries. Through wheclchair‘ sports, disabled athletes exercised their
rights to accept the challenges and risks of athletics in the same manner as their able-bodied”
counterparts - Coreoran ct al, 1980).

| Introcuces as a part ofﬁthc mcdiéal rehabilitation treatment for paraplegic and‘ :
quudriplcgi; war veterans (Guttmann, 1976; Nilsen, 1985),‘ Sports became more than jﬁst a
means to combal the boredom of hospital lifec. Four years after thé first athletic archery

c()myuéiili%rt‘Ol] the lawn of the Stoke-Mandeville Hospital in 1948, the cvent became an

annual international meet named the Stoke-Mandeville Games. The creed of these Games is;

to unite paralysed men and women from all parts of the world in an
intcrnational sports movement,... {through the} spirit of true
sportsmanship...{to} give hope and inspiration to thousands of paralysed
, people {and} to further {riendship and understanding among nations
' ' ( Poql and Tricot, 1984).

|

J

Disabled people utilized sporting competition 1o rqise themselves out of their "déSLituLc moral
condition” ( Pool an;i Tricol,\l984). Through Guttmann's encouragement, persistence, and
philosobh_v. the disabled _had conceptually applibd_sports lo Maslow's hiera;chy of

self -actualization to rise vertically toward the fulfillment of their own potentials. As the
disabled began pro_vihg their abilil;v‘Lo obtain vertical mobility, without the full completion or‘
achicvement of cach ‘of Maslow's horizontal levels, disabled individuals appeared in higher

educational institutions, in the work force and in international sports competitions.

I, Wheelchair Athletes: Acceptance & Integration
Inretrospect, the past 4 ‘1/2 decades have witnegsed a dramaLic increase in the lifespan
»
ol the physically challenged, a char}gc in aL}iLudc of the medical environment from neglect and
pcssix‘nism 1o a focus on total rehabilitation of the physically challenéed, and an
overwhelmingly positive tesponsc 1o sports ?articipation by the physically challenged. These

outcomes are the ramifications of Guttmann's noteworthy, dedicated lifetime of work as a

neurosurgeon, and his radical approach to rehabilitation. Sports for disabled people has

4 ~



: -become a means for enjoyment, a latent means of acceptance for disabled pnopln and an
arena for 1mproved performances.

Since the lime of its formal inccp‘tiA(\)n i.n 1648, wheclc}:air srorts have evolved to their
present day interngtional popularity and world class reputation. 1., .cent risce in 1.hc numbier
of spinal-cord i‘nj?&rcd invoivcd in sports and recreation is a reflection ol both the increase in

accidents causing (injury 10 Lhc head, neck’, spine in our industrialized society, and the

increasing lifespan of spmal -cord injured people (Tan, 1985, p. 159). Dr. Robert Hanscebout

(1985) believed that spmal cord mJuncq have reached epidemic proportions (Hanscebout, 1985,

in Diamond and McKeown, 1985). In 1985, more than 300,000 North Americans werd
confined to wheelchairs as victims of spinal-cord injury (Tan, 1985: Diamond and McKeown,
1985). The cominﬁed occurrence of disabling injuriés to the spinal-cord and the increased
lifespans of spinal-cord in_iurf;b.,people results in_ many disabled pcopic with leisure time.
Manyv of today's disabled people have choscn sports and recrcation as a fitness venture, a
recreational past time, or for a compc’Liii've' challenge.

The increased popularity of compctitivlefwhcéicgail’ sports events can be measured by
the attendance of athletes at the compctitioﬁs. In 194%, 16’di{sablcd men and women competed
in the first wheelchair sports competition held m }'n;:]and (Goodman 1986, p.149). Nearly
one: quarter of a century later, in 1984, over 1200 spma] -cord mjurcd athletes travelled lmm
75 different countries o compete against other paraplcglcs and quadrlplcglcx in the world
reknown Stoke- Mandevﬂle Games (Taylor et al, 1979 p 457,) The ﬁlnsl Olympics Games for
- the thslcally Disabled were held in 1960 in Rome, llaly undcr Olympxc rulcs in an Olympic

S

stadium, and atiended by 12 nations. It is anticipated Lhat‘the ]98‘8 Q]ympics for the

Physically Diéabled will boast an athlete attendance of over 4,000. -
Today's sport organizations, athletes, and administrators arc pursuing lw‘(‘) chuls.

First, to kain full acceptance of disab]cd athletes in the world of sports (:‘Qmpcll'li(.)l’l. .Sgcond,

1o combine disabled sports events with able-bodied competitions at the prestigious and

celebrated Olvmpic Games. The 1984 Los Angeles Olympics witnessed the inclusion of the

~
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1500 mcter malé and 800 meter female wheelchair races as a demonstiation event. This

“ \

‘Marked the first c;p}fiortunity for disabled track athletes to win an Olympic gbl@ niedal. The
demonstration cvent was an,intcrnationql]y"‘lclcviscd public demonstration that "the severely
‘ d]is:iblcd, even those with a disablement of such magnitude as spinal paraplegia, can become
sportshwn and wemen in their own right” (Guttmann, 1976, p.24). The latter goal will
involve the 'I'ut_'u‘fc cncour‘agcmcnt of race organizers and the International Olympic Games
Commilice LG permit wheelchair athletes and ablc-bodied‘alhlctes to compete alongside éach
()lh’gsr' in athletic cvcnl.g .
Acceptance of disabled athletcs by the sporting world, impliés a level of acceptance by
society at large. The success of the 1984 Olympic demonstration event in influencing the
attitudes of socicty is difficult to measure. However, that the event was held during‘ the -
Games and at the same site as the able-bodied Olympic events is a step toward full 'sbcictal
acceptance " wheclchair sports and.djgabled athletes. 1t is only through the full acceptance
“and complete imegratibn of disabled individuals into 'socict_v that thc realization of their
potentials will be possible. |
Over the years, attempts have been made by the disabled to use sport as a means 10

gain acceptance bS' society. Il_ﬁas beerf noted by able-bodied and disabled alike that "’sporl‘
involvcmcﬂl may make a large différcnce in the community's acceptance of the disabled”
(Ryan, 1981). Although fitness andi its apparent gains are a big part of sport qngl recreatioﬁa-l
participation, Marty Ball, an international wheelchair athlete, also noted that "the
improvements in self -image and confidence”, gained through sport compeiition, "are an
important carry-over into evervday life” (Duda,» 1985). Just as running offers more 1o people
than mere ph_\‘giological‘ benefits (Schienoff, 1980), competitive and recreational wheclchair
athletics has been found invaluable, not only for improved physical fitness, but aiso for
increased sdl'-con[‘idcncc. and fellowship (Stensman, 1985). In Stensman's study (1985).
which considered the functions ncccssdry for the &hievement of quality of life,

mobility -disabled persons ranked 'to participate in sports' as onc of the thirty most important

-
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functions for quality of lif_c. The "herapeutic, recreational and psychosocial skills, gained
Lhrough'participalig_g@d competition ink wheelchair athletics, are an invaluable contribution
to the imegr‘ation- of the disabled into society (Slcnsman. 1985).

The innova.tive ideas and constructivc'projccts of Guttmann's followers and today s
disabled athletes, serve to increase the public awareness and understanding of the disabled.
Just as musicians have recently used their music to carry international messages through
'Bandaid', 'Liveaid’, and the like, disabled athlctc§ 'aré using their sports performances (o also
~ raisc the consciousness of socicties around the world. For cxample, Rick Hansen, a.
well-known disabled clite inf)e?national basketball and track athlele, completed a trek around
the world in several specially designed wheelchairs. He carries wﬂh him a complex message,
the ramifications:ol" which will bgnci‘il disabled persons everywhere, Soon, the physically

) / _ ~
challcngcd will share with society as healthy anbuilook upon disability as this young disabled

- \
person, who states:

I've always counted myself lucky that my greatest limitations are physical.
/ To be burdened with a real handicap like loneliness, insccurity, or lack of
human dignity might be too much to handle

@ : - g
(Anon, IRUC Pamphlet, n/d).
-The development of the positive self -esteem the di;ablcd pcrsws through sport
involvement is refected in this quotation.
F. YVheelchair Athletes: Sports Injury
Competitive mén strives fiercely to achieve the ulti'matc; io be the fastest, to go the
farthest, and to reach the highest possible potential. It is an inhcrgm quality in man,
able-bodied or disabled, always to desirc more. As an athlete, the body is challenged both
pﬁysically and mentally to a personal best performance. Along this path toward suceessiul
. S N .
' p_crf_ormanc_c in é’th‘lelics, an athlete must be dedicated to the cnjoymcm Q!' competition 1o

endure the long arduous hours of training, but is often plagued by sport-related injury .
) !
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Injury to athlctes of any level is an ﬁthanLcd disruption in training and competiti_on’, w.hich
limits or prevents their best pcrf'orma’nc‘evin $ports competitions.

In wheelchair sports, injuries to the shouldersb. arms, wrist or hand, carry over to
disrur%nc ability of locomotion in everyday lifc. Since their u—pper body is their power source
for lo"c:‘(\)mo‘tion in a wheelchair, or with the aid of crutch(es) cane(s), or braces, the
conscquences of injured arms or shoulders are devastating to disabled athletes. Although a
wheclchair basketball player, for example, coljld have continued a game with a log cast on;. a

sprained finger or thumb would have hampered not only his ability to shoot a 2asket, but also

his ability to wheel home af'ter the game.

(. Statement of_ the Problem
, There is a vcry small amount of literature which pertains to the injury typeé that_ .

whcclchai.r-tiound individuals are susceptible to, the potential causes of these injuries, or
suggcslcd means for injury prevention. Few of these authors have applied their research to
the potce..iial inju‘rics of athietically active wheelchair-bound individuals. Since injury is
inhcrent in sport, and few studies exist w.hich‘ h\ave researched wheelchair athletes, it was
appropriate to rescarch the ctiology of wheelchair sports injuries. This study's data pertains to
the ctiology of injurics to \X'hcclchair afhletcs and forms the groundwork for future research
in the spkorlsmcdicalbaspccls of wheelchair athletes and their sports.

Thc purpose of this study was 1o provide the physically _disabled,. their coaches, and

. s , _ v

the sportsmedicine professionals with information on the ctiology of sport-related injuries to
wheelchair athletes. The specific objectives of this study were threefold:

1. to deterriine the nature of common injuries that occur through participation,

training, and competition in wheelchair sports and recreation

T2

to relate the causes of injury incurred through sport participation of the

disabled individual

o~

‘o

and to describe the current level of participation, training, and competition in

1

T~



- wheelchair sports by Canadian wheclchair athletes.

o
H. Delimitations

The restrictions placed on the sample and the study are outlined i the following

points.

1. : thclchair athletes involved in the study were registered members of the
Canadian Wheelchair Sports Association (CWSA) in 1%‘5'.

2. These Canadian cisabled athletes were involved in wheelchair sports
competition at the provincial level or flighcr..

3. The competitions these athletes attended were any or all of the ('()ll(‘)\\.'ing: the
1985 Natiqnal Disablcd Games, the 1985 Canadian Summer (}zuﬁcs_ the 1985
Windsor Indoor Games, or the 1985 Alberta Disublcd Ganmes.

4. All athletes interviewed complcied onl;'. onc qucslibnnainc regardless of (h_«-
number of Games they competed in th.roughout 1985,

5. The injuries reported were those that were sustained by all @’h@clchuir athletes -
in all their months and years of par%ilzatior), training, and competition in
wheclchair spoﬁs, This included the time just prior to the completion of the
questionnaire. -

0. _ If further injury occurred at cvents, mcéls, or in sp(l)rts participation

subscquent to the time the questionnaire was completed, the information in
the questionnaire was not Lpdatcd.
| Limitg}‘ions
The certain limitations that becamc evident as the study progressed are mentioned
below.
1. The informz’nion gathered was limited by the nature and scope of the survey

form used.



¥

13

2. The categorization by the athlete of the type of inju%’y was assumed 1o be
correct.
."“y
3. While the Wheelchair Sportsmedicine Questionnaire plicitly written, and

«

the questions were clearly stated, the respondents may have misinterpreted

sonic arcas. Thus, they may have supplied improper-fnformation.
4. Not a I injuries were assumed 1o be accurately reported. The competency,
. cgualifﬂcatio::s. and lc.ngth of time as a competitive wheglcﬁair'atﬁlete'Varied'

. : y
éxtensiw:ly between the athletes. Some athlctes may have stated the severity of
the in‘jury a. d lcisscf degree, or may have ommitted repi‘i?&ng an injury or
injuries: The latter was a special concern for lhosc‘athlet_cs who ﬁad been
participating and clompctiﬁg for several vears in whcelchaﬁ SPOTtS.

S. Finally, there may have been errors in the process of collecting, interpreting

and summarizing the accummulated data.

J. Explanation of Terms

Abrasion. A scraping away of skin causing redness, local pain, some stiffness, and tenderness:

~ for cxarﬁplc, the abrased skin on the inside of the upper arm caused by wheclchair wheel

3

{riction.

Blister. Any small sac of clear, saline fluid between the most superficial layers of skin that

-occurs as a result of friction or a burn. The hands are a common place for blisters in all
wheclchair sports.
Body Region Injured. The body locale where the injury or injuries were sustained. The body

region most commonly injured in-wheelchair basketbalbwas the hand.

- Bone Bruise. A superficial discolouration of a bony arca with swelling into the tissues from

’ -

hemorrhaging (ruptured blood vessels).
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Bursitis. A bursa is a padlike sac or cavity lined with synovial mcmbrm‘m and 'comair—)ing fluid.
It serves to reduce friction between bony structures and muscic; ligament or tendon. An

' inflam_malioh of this bursa sac is termed bursilis.‘ Wheclchair athletes often suffer from acute
elBOw bursitis as a direcp result of a blow to the elbow joint.

Carpal Tunnel Syndrome. In CTS, the limited space ofi the carpal tunnc] in the wrist is
_A‘diminished gy swelling. This local iﬁﬂammation puts a subsmn(ial amount ,o(' prcssl-n'u o m&’
important median nerve and vessels which pass Lhrqugh the ’tvunn'cl. |

Cause of Injury. An ctiological ana'lysi.s.o!' an i_I’Ij‘L‘lI'_\' or injuries which rc&gﬂg\t: the {mmn;mm;
‘given io the ath_l;:tes_b},f .th’éir doclbr,‘ physiotherapist, athletic lhcré.pisl or other medical
pbrsdn_riel. _ |

Cerebral Palsy. CP is a group of ‘qon-progrcssi‘vo/ congenital muscular, dysfunctions which mun
result from injury to, or malforrﬁalion of the afcas in the b‘rain which control the-body's

v

~motor function. The degrec of impairment of cercbra’l‘ palsicd iﬁdividuals_ ranges from mild to
severe. Many CP track athletes use their feet to propel their wheelchairs and so cro:.s 'lht'
finish line facing backwards.
Classification. A system which analyics the physicél f"unclidning of a disabled athlete
{(Appendix F).
Concussion. A violent shock or jarring of blhe brain caused by a dircect or indirect blow o the
head. The resultant tcmporary or prqlqngcd impairment of"ncuvra] ;mg _physicdl l'unclj_nning'is :

A

variable.
Disabil?ty. The World Health Organization's definition of disability most aptly represents the |
use of the term in this study. It states that "disability is the loss or reduction oI" rmmum}u
ability and activity that is consequent upon.im'pairmcm".

b[ location. Total displacement of a joint wi_th loss- of articulation of normi: iy opposing joi{n
surl"‘a'dces caused by a direct or indirect blow. The finge"r’s are most commonty dislocated

sports. An incomplete -dislocation is is termed a subluxation.

Fracture. A loss or break in the continuity and integrity of the structure of bone. A broken
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‘hone may result from a direct blow, or indirect trauma and-is gharaclerized by possible

deformity, pain, tenderness, swelling, bleeding, or loss of function. In wheclichair sports, if

-

the lower limb is fractured a cast op the leg would not prevent an athlete from part'icipat)‘k

or competing. \)

. Incidence of Injury. The frequency of injury occurrence reported as once, weekly athly or
requeily. Most of the concussions occurred once, whereas blisters and abrasions ccurred

frequently. )

.
Injury. A ddmagc or hurt suffered through a spccmc impairment of body structure or
function caused by an outside agent of force. In this stucy a: - juries recorded were susLamed
through wheelchair 'sporl participation or competitior;.

Laceration. Trauma causing a break in the continuity of the skin characterized by local pain,

~ bleeding, and tenderness: Some laccrations_arc deep enough Lo require stitchés.

Muscle Bruise or Conlutsion. Injury to so[t"}issues caused by a blunt force that does not invade

the surface of the skin. Characteristically, a bruise results in local pain, tenderness,

”~
»

hemorrhaging, local discolouration and hematoma formation. Often, discolouration is the only

indication ol a leg bruise in paraplegics or quadriplegics with altered sensation below the level
of the spinal-cord injury.

Nature of Injury. A description of the type of injury sustained. For.example, a wrist sprain

-~

or a concussion reflects the nature of the injury. ,
—~

I’arap/eglc Any md1v1dual with complclc or mcomplcle paralysls of both legs associated wuh

injury or discase 1o the spinal cord. The characteristic loss of motor function is noi

'

auompamcd b\ a scnsor\ loss in polio paraplégics (nppc}ﬁdlx F).

Pressure Sore. A ~ore caused by localized pressure from the bod\ 1Lself when that body

E

o .
part(s) has remained immobile for extended time periods.. The most common sites for
pressure sores in wheelchair users are over the 1schial tuberosities, the lower back where the
chair back upholstery is in contact withthe body, and the back of the thigh. The denervated .

arcas of the body, especially those with complete sensory loss, are most susceptible to pressure



Sprain. A stretching or tearing of the fibers of a ligament as a result of direct trauma to n.
joint which produces a twisting or movcmcm_ol" the joint beyond its normal range. The
wheelchair athlete is free 6fdhc common yﬂlc sprain which riddles able-bodied athletict Yeu,
a thumb sprain may beéomc a large intcrfcrcnc? in wheclchair sports.
)
Strain. A strain differs from a sprain in that it is a slrctcﬁing or lcaring of muscle Tibers
caused by a violent contraction, ¢xcessive intrinsic forees, or 0vcﬂcxcnion resulting in trauma
. Lo a portion of the musculotcncﬁhous unit. A strain is characterized by local pain, spasm, loss
of function, tenderness, swelling, hemorrhaging, and strength loss.
Tendinitis. An mflammauon of a tendinous structure causing discomfort on both passive and \
active movements. It is a common oyeruse condition which occurs frequently to the biceps
tendon of the shoulder in wheelchair track athlctcs.
Tooth Fracture. An obvious deformity or loss of normal structure of a tooth or teeth caused
by direct trauma. '
Wheelchair Athlete. An individual who must use the wheelchair for mobility in athletic
competition. The disabled individual may have a spinal-cord iﬁjury, be an amputee, have
cerebral palsy, or a motor or ncuromuscular impairment. Characteristically, cach wheelchain

athlete presents with some deficiency in lower limb functioning.
L]



Chapter II

Review of Literature :

We do not succeed in changing things according to our desire, but

gradually our desife changes. The situation that we hoped to change gt
because it was intolerable becomes unimportant. We have not managed to

surmount the obstacle, as we were absolutely determined to do, but life

has taken us round it, led us past it, and then if we turn round to gaze at

the Temote past, we can barcly catch sight of it, so imperceptible has it

become :

(M .Proust, 1921).

The literature on sports and disabled‘athletes is limited 10 TCPOTES ON SPOTLS

-~

I -

performance, wheelchair dcsignr, Sports Sp'tcif'ic"cquipmem and a I w scientific articles. These
published articles have analyzcd the bioméchanics of wheelchair sports, including wheelchair
propulsion and the cffects of whecichair aesign on performance or, have stated the
physiological effects of excrcise on_physically challenged people's position in a wheelchair,
dctivity level, and functional ability related to their disability. Yet none of these studies report
the nature, cause, or frequency of Sports injuric:. iv wheelchair athletes. Aside from a single
survey primarily conducted throughout Lhc,: United States, and a handful of wheelchair games’
medical rcportsA, SPOTLs injury occurrenge to disabled athletes has not been documented. -

The following literature review summarizes those articles written on athlete
.participation and pcrf‘?rmanqc'in disabled $ports, wheelchait sports history, wheclchair design,
cquipment modifications. rules, techniques, wheelchair locomotion, and disabled athletes'
rCSpOllSC‘l() ptsical activity. The lengthy discussion surrounding the litérature review accents
the influence of techniqug, wheelchair design, training programs, warm-up and stretching

routines, and the environment on SpOrts injury occurrence o wheelchair athletes.

17



A. Spprts Performance

Today s disabled athietes have reached outstanding levels of performance in a variety
of sports events (Nilsen et al, 1985). Not only have there been notable improvements in the
times raced, and the distances thrown, but the number of skilled disabled a(hlclés has
increased. The comrib:ning factors influcncing the high performance levels of wheelchair
athlctes have been the SpoTts spccific‘ cquipment together with technological advancements in
wheelchair design, fitness training, technique specialisation, and the provision ol sports
organizations and associa.tions. .

The involvement and success of disabled athlctes has attained regional, provincial, and
national recognition. Their phenomenal accomplishments in endurance acii\'iiics nclhude

+

sub-two hour Boston marathon races (KnauB, USA, 1983, 1:47: 10) éxul sub Lhrccﬂmmt
Canadian marathon finishes by quadriplegic racers (Matison, Denmark, 1985, 2:18:50) )
(Cras- 1983; Alexander, 1985, p. 8).)Acc0rding to the literature, wheelchair racing was
popularized in 1975 by the first recognized wheclchair racer in the Boston marathon. H.uh Hall
completed the historic marathon in 2:58:00 (Duda, 1985). As many as 15 of glll wheelchair
entrants had t"inishéd the 1979 Boston mﬁraLhon course in faster times 1h:1h the ofTicial
able-bodied w.inncr, Bill Rogers. Remarkably, four of these 15 wheelies broke the 1979 world ‘
able-bodied marathon record of 2:08:34 (Corcor’an ct al, 1980, p. 697). Later the next year
(1980), wheelchair marathoners broke two hours with USA's Curt Brinkman's 1:55:00 linish
in the l9é0 Boston marathon. This time was soon beaten by Jim Knauﬁ) who wheeled the the
1983 Boston marathon course'in 1:47:10.

Not only were wheclch:;ir athletes establishing new world records in endurance events,

. ! .

but the prcﬁous records in $ports events requiring speed or strength were also shattered. Their
superior performances in thc'séﬂsporls events could be crbdilcd 1o a more concerted effort by
disabled athletes aﬁd their coachc.‘; to prepare for competition both physically, and mentally.

Physically, the athletes and/coaches had focussed % the importance.of sports specilic,

-individualized training programs. The improved level of competition resulted in o greater

: L. . <
emphasis on fitness characteristics of strength, endurance, and spccd\

|
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Evcn/in the carly 1940's, the importance of muscle development and strengthening in
wheclchair-bound people was rpcognizcd. Strong muscle groups above the lesion in spinal cord
injured people were known to be necessary to restore and maintain posture in place of an
artificial lcather and steel corset (Guttmann and Mchra, 1973, p. 164). Electrical
myographical studies on disabled athletes involved in archery, confirmed that archery was an
ideal sport for upper body muscular hypertrophy and strengthening of the deltoid, biceps,
lriccp;,’trapcxius. and rhomboids muscles of the shoulder and upper arm in paraplegi(x:s
(Guttman and Mchra, 1973, p. 164). Today, many disabled athfctes have excelled in the
common strength events of weight lifting and field throwing cvem‘s. Although these sports arc
perhaps not as v@siblc as“\whcc]chair racing, the performances of wheeichair athletes are
creditable (Crews cl. al, 1982). . 3 v

In addition to the world rccorq performances in strength and endurance events by

.

disabled athletes, l‘hC vafialioh and individual adaptations in technique, together with the
technological advances in wheelchair designs led t‘o an increase in efficiency and speed.
']’oday.'s wheelchair athletes arc in prime physical condition, wheel in innovatively designed
sport specific wheelchairs, use sophisticated, and modified equipment, and apply an
individuall} adapted, well-practised technique. The skills and expertise of disabled athletes are
pronounced in tcam sports such as basketball. The court skills executed by many international
basketball players, serve  an indication of the many long hours that thesc disabled athletes
practice. To perform s. | ifficult skills consistently, and with case, is clear evidence of
lcarned skills. In wheelchair basketball, for example, not only must these athletes learn the
skills and techpiques of .ball-handling and shooting from a seatcd posture, but they must also
adapt 1h>ngsclvcs to their individual disability -induced limilétioils. Some of these physical |
limilationﬁ may interfere with accuracy, _ag.ilit'_\', and balance during sports competition.
a) Disability | ‘

In the discussion on both classification and disability in the appendices, it becbmes,
apparcll that ‘the physical characteristics of each disabled person are unique. The typcv-of

dixability, level of complete or incomplete spinal cord injury, amount of denervated muscle.
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type of muscle tone, and the degrec of muscle spasm or flaccidity, all reflect each athlete’s
physical limitations (Guttmann, 1976; Asayama, 1985; Wolf and Magara, 1976; Corcoran ct
al, 1980). As in able-bodied Bhletes these individual physical dimensions are important to

4

rnes, 1981).

athletic succe¥s
b)Spbrl Specific Fitpess & Skill
Second to afhlete individuality in disability char «  .tics, technique, and skill, the
demands of cach spo > event for the disabled athlete are uniquely different. Compare for
example the physical demands on the athicte in the sports of wheelchair basketball, ficld
events and track. Basketball is largely an anacrobic activity which requires quick bursts-ol
speed, agili[by, and the skills of dribbling, passing, and shooting; whilst ficld events demand
the athlete have an accurate technique, a high level of concentration, strength, stability n?ul
—batance. Finally, track and all its diverse events require speed, power and strategy togethel
with efcellent manocuverability around tight corners, and over slé‘gp terrain. Fach of these
sports demands specific skills, techniques, and fitness conditioning which illustrates the
importance of sport specifig, individuali:zcd fitness conditioning programs.

Although thesc disabled athletes lack total physical functioning of their entire bodics;,
they compete at world recognized performance levels in many sports cvents, Thcy have ”
challenged themse],;\;\cs to the full extent of their .physical capabilities through comprchensives '
fitness conditioning brograms, practised training techniques, sport specific cquipment,
innovative wheelchair designs, and intensive, personalized coaching. These ph_vsi-cul and
mechanical preparations are coupilc'd with'mental training. The mcmél slaming necessary to
overcome the aﬁguish associated with the lack of com,p‘lacllc physical functioning, and to ;mcépt
a disability was often cultured through sports involvcnl‘énl,.:As athletes, diéablcd people gained

- .

- the physical advantages of strength, endfirance, speed, and benefitted both psychologically and

’

socially. Sports competition amongst others of similar ability, who

. IR
re all striving for a
commpn, goal, created an atmosphere which stimulated the development of inegrity,

self -respect, dignity, and sclf -confidence. ' Q@

-
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B. Sport Participation and the Disabled Person

In 1982, Eisenberg and Falconer estimated that 10,000 disabled males and females
participated in wheelchair sports throughout the world (Crews ct al, 1982, p. 134). In 1984,
the International Games for the Disabled was the second largest sporting event in the world;
seccond onlysto the 1984 Los Angeles Summer Olympic Games (Mushett in Sherrill, 1984).
Perhaps the most visible wheelchair sport is marathon racing (Taylor et al,.1979, p.458; Crews
ct al, 1982, p.136). Scveral road races aré sanctioned as both able-bodied and disabied events.
In some of thesc races, asvmany as five percent of racers arc wheelchair athletes. By 1982,
appfoximatc]y twenty wheelchair athletes compctéd in the prestigious annual Boston
Mhrathon. Today, many marathon race orgainizations include a wheclchair division.

Although wheelchair racing is both visible and in "vogue amongst disabled people”

many, other strength, speed and skilled events have gained recent popularity (Asayama, 1985).-

Programs for baskclbal‘l, murderball, volleyball, archery, track and field, racquet sports,
swimming, kayaking, and winter sports arg expanding to include disabled athlcles'(Crews et
al, 1982, p. 138; Crasc, 1987).

In 1949, the first wheclchair basketball tournament included six teams of wheelchair
athlctes. In 1981, 166 wheelchair basketball teams were playing in 27 sanctioned conferences
throughout USA and Canada (NWAA, 1981, p. 2; Byrnes, 1981). Today, able-bodied athle}es
have become cmhusiastic wheelchair basketball players, allowing basketball to become one of
the few wheelchair team sports integrated with able-bodied compeLi[ors‘.

The nature of -other sports shch as the water sports of swimming, canocing, kayaking
and sailing allow disabled persons to pﬁirlicipatc recreationally or competitively in sports

. . - \
without the use of their wheelchairs. Like the first group of sports, the rules closely rescmble

~the able-bodied sport rules. The canoe, kayak and sailboat are not significantly adapted for

the disabled participant. Furthermore, the water provides these athletes with an environment
in which thay may learn to overcome many of their unique physical limitations, and strive
toward a new independence and criterion for success. Many disabled people discovered that

the water medium provided a new independence; a temporary freedom from the locomotive

-

o
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aids used in daily living. Through shecr determination and individual training programs, many
of these disabled swimmers have trained to become world calibre athletes. Over the past few
decades, the times of these disabled swimmers have improved. The best pcrl’ormuncc'for a
quadriplegic class 1A in the 25m breastsiroke event was 60.4scc in 1976 (Cuumann, 1976).
Later in 1984, the new record for the same event and -class was 36.206scc (};l‘nrsuil, 1984, p. 3).
Today, some of these disabled swimmers are recognized amongst some ol Canada's finest
able-bodied ‘S\;s/immers,

The Lh>ird group of sports includc many of the winter sports such as hockey and
skiing. Certainly a wheclchair would be an inappropriate vehicle of transport for travel over
frozen water or snow. To afford the disabled person the challcngés of sport participation in
these winter sports, vehicles and devices, such as the sledge and ice pick for stedge hockey,
and the outriggers, ski sléd, and monoski for downhi!l skiing have bccn' invented (Appendix
D). Again, the rules of these winter sports resemble their able-bodied countc}r-parts ol ice
hockey and. nordic skiing and act to encourage equal opportunity and safe participation for all
disabled persons regardless of their disability. The skicrs for examplc: compete in different
categories determined by their use of equipment, nél by their medical disability classification.

The explosive growth of whcclchair.sports participation in a variety of sports cvents
during the last decade, is credited to the desire of disabled pcople to be active, their incrguscd. .
interest in fitness, and the social and psychological ramifications of sports participation
(Higgs, 1983, p. 166; Byrnes, 1981, p. 1; Botvin Madorsky and Curtis, 1984, p. 12%;
Steadward, 1979; Eisenberg and Tierney, 1985;vRyan, 1981 ) That bcncl'it}vs are derived from
participation in sports is both accepted and a’pparcm'. Physical acl'livity has long been
considqred valuable in the maintenance of good health (Stang,1980; Ready, 1984, p. %
Knuttson, 1973; Nilsson, 1975, p. 210; Zwiren ct al, 1975). Guttmann and Michaclis (1970),
documented a neurol’égica] basis I'or gains from participation in physical activity by the
disabled. They found a reduction in the number of pathological disturbances of the

s

spinal-cord injured person who participated regularly in sports (Byvrnes, 1981).
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Competitive wheelchair sports have become much more than recreation or therapy
(Stang, 1980, p; 5). The benefits of wheelchair spérts participation are physical, psychological
and social. In the acute phases of spinal cord injury or other disability, early training during
hospitalization has been documented to result in faster strength increasés accompanied by
lessened spasticity (Bishop, 1977, p.372). Owen (1978), stated the rehabilitative goals of
increased strength, led to a more active lifestyle. The development and maintenance of upper
body strength promoted circulation to vital arcas with poor circulation, and demanded-a larger
fluid intake (Owen, 1978, in Duda, 1985, p.157; Weiss and Beckt 1973, p. 106; Austin, 1972,
p. 365). The increased iniakc of fluids reduced the frequency and éeverity of kidney infection
and kidney stone formation (Jochheim and Strohkendl, 1973, p. 174). All of these important
pk{ysical benefits convinced those medical specialists involved in the rehabilita;ive process of
disabled athletes to include sports in their treatment protocol. However, the medical
'prol‘cssion at large had not counted on the subsequent outstanding sports interest by disabled
participants. The role of sports parlicipat.ion by wheelchai.r athletes ﬁad changed from a
" rchabilitative emphasis to competitive sports involvement (Steadward et al, 1979, p. 119).
In the twenticth cemuf_v, Sports participation has dembnstralcd that even those whc;:
_are severely disabled arc'ablc to compele as sportsmen and sportéwomen in their own right
(Rvan, 1981, p. 37, Guum;mn_ 1976, p. 24). This demonstration of physical prowess by
wheelchair athletes encouraged those with similar disabilities to participate in sports, provided
role models for youth and disabled spectators, and inspired a greater involvement and
awareness of disabled people's capabilitics, and accomplishments. |

Although competitive spbrts do not appeal to all disabled people, the performances by
vloday's disabled athletes arc verification that "there shoulgbe no need to restrain (disabled
‘ people) from activity"(Nilsen c‘x,al, 1985 in Byrnes, 1981){/§-lowever, while in pursuit of their
sports poals, disabled athletes may incur sports injuries which range from small lacerations
and bruises, to traumatic fractures, concussions and joim injuries. Yet, no studies exist which
slate; with statistical significance; whether disabled athletes are more at r.isk to sports injury,

the common tvpes of sports injury, the influential factors in sports injury occurrence to this
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population, or the preferred injury treatment. \

Since it is well documented that level of pcﬂ'ormancc.\cquipmcm. rules, technique,
skills, and level of fitness influence injury occurrence in able-bodied athletes, a literature
review of these topics with reference to disabled athletes Qas included. Furthermore, many
well-known principlés of sports injury prevention such as hygiene, lifestyle, pre-participation
medical examination, training programs, warm-up routines, and rchabilitation are suggested
as futurc recommendations for injury prcvcnlim{ of disublgq Sports participants.

8 . )

x
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C. Wheelchairs

There will always be movements and activitics which disabled people will not
accomplish in the same manner as able-bodied people. The linal outcome is often reached,
but the method of accomplishment is different; a modificd approach often assisted with an

'ﬁdapled biece of equipment. Lacking functional control of their lower limbs, many disabled
people have discovered a greater physicalgindcpcndcncc through: the thclchair designed
specifically for basketball, racquet sports, track, or other sports cvc:'us; the water medium
used in’ swimming, or other water sports; and the modificd equipment used in winter sports:

In wheelchair sports such as track, baskclbah, rugby and lable tennis participation is
restricted by the classification system to thosc athletes who require a wheelchair for
locomotion (Appendix F: Classification). Although thesc athletes must be in a wheelchair in
order to compete as wheelchair athletes, t:hey need not be confined 10 a whecelchair, They miy
usc alternate forms of locomotive aids such as crutches and bracing, a walker, or prosthesis
for activities of daily living. in addition to bccoming'accustomcd to their wheelchair, these
athletes can optimize the usc of a wheelchair by designing their wheelchair to accommodate to

bo.h their physical disability characteristics anyhcir sports event(s).
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D. History .o'f"the Wheelchair

In the beginning, wher Guttmann's patients at Stoke-kMandevillc, England fifst /\
participated in wheelchair sports such as archery in 1944 and later ‘basketball in 1950°s, the
only wheelchair ava.ilab]c was the standard hospital wheelchair (Coakle~y, 1982). This standard

hospital wheelchair of the 1940's, and today's specially designed sport wheelchairs are

\
.

distinctly incongrous both in their appearance and in their performance. For example the t.ype »
of wheelchair used in athletic competition in the mid 1900's was an accurate predictor of: the .
athlete’s placing at the finish line of their track events. Those athletes who raced in the
heavier more encumbrant hospiial wheelchairs finished behind the athletes who used the
lighicr sporlipccific whcclchéirs. A description of the traditional hospital wheelchair used for
locomotion until the mid 1900's details the stark contrast it made visually to the individu‘ally
designed sports wheclchairs. The standard hospital whjeelchair epitomized the basic qualities of
safety, sturdiness, and case of wheelchair pushing assistance from behind. Jt weighed
npproxim‘alc‘ly 44lbs and was comprised of Somé 22 parts (Duda, 1985). Thesc parts included
the arm and armrest, back upholstery and back upright, axle, brake, footplates, seat rail and

b g ' .
upholstery, casters, handrims or handgrips, spokes, tripping levers, tires, wheelbase and large
16"-18" pneumatic wheels. The manufacturers, largely Everest and Jchnings Ltd, had
adequately met the demands for locomotion of most patients at that time.

As athletics for disabled persons pro_spcred, the inquisitve mind and natural human
competitive desire was prevalent améngst the disabled athletes. The safe. heavy, sturdy:
whcclchéﬁ "clunkers” were no longer deemed ap}ﬁoptiate to generate the quick bursts of
speed inherent in a game of basketball, nor the fast racing times and ihc elficient
manocuveurability around tight track corners in wheelchair competitions. These compctitive
wheelchair athletes, compelied to quench their insatiable thirst for success, wanted the
winning cdge. Thus the Birth of the individually designed wheelchairs and their mass

’

production.
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E. Wheelchair Design

In the early vears of wheelchair athletics, there were only a handful of .wheelchair
manufacturers. Their product line was limited to onc particular wheelchair design referred (o
in thisb paper as the standard hospital wheelchair. As lﬁc sole whcckhair supplicrs, their
market was enormous; all .thc hospitals, rehabilitaion centres, nutsing honmies and the periatric
population of the gencral bublic. A small number of these wheelchairs were used by the few
recreationally -inclined disabled athletes. As these athletes b;_-:camc more involvéd in ;1lhlcl’it.§
and more proficient in their sporting events, they wanted a Wl]cclchair that was also more
sports specific. Track athletes were perhaps among the first of the disabled athletes to Llp.\ign

-wheclchairs that incorporated the qualities required to achieve the speed and l'.zm times then
aerbdynamic sport event demanded. In their ba‘c_k_vard garages, some of these wheelchair track
competitors-pseudo amateur mechvanics were welding aluminum or steels o c‘lcvclop what 1'hcy
hoped would be the hottest, fastest and most closely watched wheelchair at the next
wheelchair race. The designs of these 'home-made’ track wheelchairs were rated not on their
sturdiness, but on the athlete's finish position in cach wheelchair track cvent.

Most everyday and sport wheelchairs shared the same basic characteristics ol two
larger wheels behind, one or two smaller wheels in front and a scat in the middk. Beyond
these very fundamental similarities, the modilications made by cor‘nmcrcial manufacturers and
private individual designers 1o the standard hospital wheelchair (or specific ;athlcli.c evenls,
have been dramatic. The m_ajor outcome of the modifiecd wheelchair designs were fasier,
lighter, individually fitting wheelchairs that had a greater ease of handling. Thesce sports
wheélchairs differed from e‘verday wheclchairs, according 1o Gibsgn {1983), because they >wcrc
usually built for performance rather than comfort (Gibson; 1983, p.10). T‘hc designers were
able to oplimiz‘c the relationships among the scat, the wheelchair frame, and the main wheels
to achieve the dual function of adequate comfort for theathlete and cfficiency in travel

s

(Bratigaard et al, 1970). The relationship of lhcsc\'indcpcnd‘cm variables was dependent upon

s,

the athlete's body dimensions, weight distribution, muscular strength, balance, available

materials and funding. It, thercfore, was not remarkable to discover the variation in
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f@Dnczrﬂncc of whee|chairg at an atheti_c competition. What begafi as a pcrsdnal[plight by a
[

nand(ul of enthusiastic compeliti“e¢ wheelchair athletes to reform their h&gital wheelchairs to
pCeymt morc efficient vehjcles of transport in SpOrts comp/clilion, became the twentieth

cCyy, 1Y revolution of lighw%ight wheelchair manufacturing.

a) Lig'"wciéht Wheelchaiys
The cu'rrcplﬁswlc of thg a1t of wheelchair manufacturing is ever-changing. SportyN
SJM Mygazine Teeently conducted a survey of sﬁE)rL wheelchair or lightweight wheelc){air
My yfacyrers (Crase, Ropbing, Sthmid, 1987). According 1o Lheif\\1987 sLaLisLics,%cre are
70p. than 83 modelg of wheelchgits marketed bry 22 different manu‘facmrcrs ip*’Canada, ‘USA,
ang jplergtionally (Crase et af, 1987, p. 18) The major mianufacturers; ii(fcrest and Jennings,

~

Oluc};it‘. and Quadra (by Motion Designs) prod);eeetmore than one kind of wheelchair often

8¢ pding 10 the demands of differant sports Svents, d to accommodate the particular
¢ e 1 p

Wigh o5 OF cach wheelchair athlete. The wide range of m\c\zﬂsycrc designed for everyday use,
£

lr\u\ facing. children, ang specifie sports. In addition, thhm each of the design lines, the

chyjre Coyld be custom fit, Many atired and some active athletes designed and molded custom

Chi[ir5 for their own privaie entefprises or on contract with some of the large manufacturing

f‘lrn]‘J‘

/\7)16' matcrials used in thg manufacturing of these: lightweight wheelchair frames

iy, ded aluminum stainjess steel, Kevlar-Epoxy, 4130-chromoly or aircraft tubing. The

WheeJehair seats were often paddly and covered with nylon, sailcloth, and cven gortex. The

EQI\Qrﬂl chafaceristics of 1he 83 pdels variced in pri.cc from US$500 to US$2500, weight from
G Sips 1o w()lb\ congtruction, foldability, and agé)carancc (Crase et al, 1987) However, all the
f“&\dcl* shafed (he basic qualiticy of relative lmhmess manoeuveurability and adjustability.

~ The¢ main theme of Iigh[WQighl wheelchair conslrucu’on was to design wheelchairs that
”ril; (1€ et the uger doesn 't fig Whe chair” (Crase, May/June,1987). For example, orte of the
f?\qngfﬂcmrcr\ models' hys ClgtoMizing fem.urcs which include 9 %ramc widths. 3 back height.

Fnge ¢ several scat sling depths ayd 10 \Landard frame colour< These options allowed their
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design 10 meet a vafiety of individual needs and lifestyles. Fach of the 22 munui‘acluru‘rs had
a uniqu¢characteristic of their design ranging from a pushbuuonvt‘olding mechanism 0 an’

oval handrim or even a kingpin automotive stecring system (Crasc ot al, 1987). This unique
characteristic ecorﬁes the selling poiﬁtu of the mangf’a‘clurcrs and their (iislrilnnﬂéf'sﬂill the

N

twenticth century, highly competitive wog%i of lightweight 'whcclchuir manulacturers.
b) Individually Designed Wheelchairs

In most able-bodied sports, perhaps with the cx‘ccplion of handmade kayaks, few clite
athletes construct their own sporlbs cquipfncnt. However, in several disabled sports, espectatly
wheelchair track, many athletes not only"c‘rcat.c new designs for their chairs but also constiuct-
‘ their wheelchairs themselves. It was some of thesc designers, the wheelchair athletes
themselves, wh<; soon became consultants to the presently founded manufactureis who were
looking to expand their product line. Meanwhile other wheelchair athletes began marketing
their design themselves to friends and fellow competitors in their own country and abroad.

It was not su;prising that the 1983 Spdrl'N Spokes survey of lightwéight wheelchiairs
accounted for 13 whecelchair manufacturers (Cra'sc,‘ 19§3, p.2é). I.ess than five vears fater in
1987 fhere were 22 manuf‘acturcrs_who mérkctcd' Lhcir‘producls lhr()ugh()ull the W()fl(“l
authorized dealers. Many of these manufacturers provided warranty on their chaifs, a toll-free
phone number, and direct delivery to a foreign coimtry. This abu.ndancc of manufacturers ;mdv
their wheelchair designs was certainly a far cry from the sole design of the standard

wheelchair used in carly wheelchair sports competitions in Guttrhann's cra. .

F. Sport Specific Wheelchairs
In only two decades, the design of the standard hos_'pital wheclchair had been ahiered
dramatically. The modifications of the hospital wheelchair in appearance, rnzx{crial
construction and function tfansform‘cd the passionatcly- termed “clunker” whcélchuir Into
today's many designs of sport wheelchairs. Many of e alterations in sport specific design
. . 4 - .

such as seat height, camber, rear wheel placement and wheel size were made o accommodate



cach disability infhichced the-ultimate wheclchair design. Although the sport of wheelchair

the clite athlete’s high . uapiratiohs of greatest speed, agility and manocuveurability, their
physical characterist s, and thzir skill level and technique.
The specificii - of a wh_clchair to a disabled athlete is as important as a pair of track ’

shoes 10 a track athlete, (cxeept Zola Budd) or a bicvcle to,a cyclist.. Just as running, jogging,

and cycling are a primary form of chdurance'aclivity for many able-bodied athletes, wheeling

1s its disabled counterpart. The wheelchair, track shoes, and bicycle all perform necessary

“functions toward the achicvement of the goals“and objectives of all athlctes both able-bodied

Pr
. { . , . . .
and disabled. In essence,dthese inanimate objects are an extension of the athlete. To this end

they are tailored to meet Lhc.spccif'ic requirements of speed, lightness, and other qualities

. spculu to cach cvent. Not only arc there athcLes who use 9pccn"1cally deslgned track

whulchdlr\ for track sprmtsimdd]e dmlancc and road races, but many other athletes use a
track chair and wheeling as their pr1mar§, means of endurance training. Thus each athlete may*
Lompclc in morc than onc whecelchair. They ma3 own a whcclchalr for basketball which thev

use for basketball games and skill training, but thcy may also own a track chaxr for sprint_~ -

- work or acrobic wheeling. The basketball player's wheclchalr would fbe bu1IL 10 endure the

game's forceful hitting, and yet be light enough to allow quick stopping and stafting for short

bursts of speed. Therefore the basketball wheelchair had to be both sturdy and easily

manocuveured, while the Vtrack wheelehair was lighter and less durable.

_Furthermore, in addition, to the demarnds of the sport, the physical characteristics of

rugby requires similar quali.tricazl"s‘ as basketball, the players in wheelchair rugby have less

balance, power, and upper body strength than wheelchair baskctball players. This is due to the

~higher level of spinal cord injury of the quadriplegics who plaved wheelchair rugby. These

athlctes ch&ractcrislicall\' moved more slowly on the courti had less a'gilily, and less balance in
mlhslons and on short stops and starts. Even wnhm one sport. the disabilities of the athietes
varied. In baskuball or lcnms some high-level smglc or double 1owcr limb amputees often -

rcquircd additions to Lhcir wheclchairs, such as tipping levers. to compensate for lhmr-,grcat

, ; ) : v
JF\;&ndcnc,\‘ 1o tip backwards. /1 ) e

W\ -

.-
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A third variable which inflitenced design was the skill level and technique of the
athlete. The wheelchair athlete who compctcd successfully in field events, relicd hc;wil.\? on
- their refined throwing techniques. Theif chair was required to provide lots of Sl;\l)ilil‘)‘_ and to
have removable backs and sidcarms to allow the athlete to re- position themselves in their
- wheelchair for maximum throwing distance. The sport specific wheelchair design and ensuing
manufacturing rc;volution was born out of the wheelchair athletes’ dcsi.rc toward success at an
ever increasing level of compétition. and diversification of sports and their events,

In time there emerged four major categories of wheelchair models/designs for:
1)basketball, tennis and eycr_vday; 2)track; 3)juniors and children: and 4)geriatrics (Crase el
al; 1987, p. 17). There was a great Véricty of ‘design wiihih cach ol" these model categorices.
Supposing a comparison werc to bc madc bglwccn the disabled athleres’ variety ol wheelchai
design models, and able-bodied athletes' footwear or equipment. The }clationsh_ip of a

wheelchair to a disabled athlete would be deemed as important as the chosen footwear or

'
vehicle to an able-bodied athlete. There are, ét best, hundreds of models and design of
footwear specifically designed to accommodate thé qualities anci dcﬁmnds of the world of
able-bodied Sports. For cxample, hiking bools, ddwnhjl] ski boets and skis, track spikes,
aérobic shoe_.s., wrestli‘ng boots, gymnastic socks,l hockey skates and basbkctt;ull hi-vmp coun
shoes, 1o name only a few. Similarly, wheelchairs and sports equipment used by disabled
athletes in sit-skiing, track sprints, marathons, basketball, slédgc hockey and whecelchair rughy
are vastly dil"fcrcm; Perhaps in the near future, whcc]chair sports will advance to new hviyhlb‘
of equipment sp'cci‘fiéation. The wheelchair basketball team will perhaps have differ i
wheelchair designs and prodﬁct‘s accofding to the different poéiu’ons on the court. Thise B
specifications would be stmilar to the adbap'tatic_)ns made 1o Lhcvprotcc ive equipment fo
different pbsitions in for example, able}Eodicd 'football or for ablc;bodiccl hockey goalies,
Each athlete must combine 'lhc qualities of ercn\th, skill, svpécd and power to achieve
excellence in sport. For éxamp]e speed is important to track sprinters, while strength s most
important to powerlifters. Thus, just a.flrack sprinters must train themselves 1o be the

fastest; the sprinters' wheelchairs must be dosigned to travel at great speeds. As o result of
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this relationship of sports qualities, sports wheelchairs vary in design as much as the sports

cvents they ate used in.

) (i) Track & Road Racing Wheelchairs

The tr <k athlete became lhc most demanding of all athctés Loward§ their \gheel'chair
design. Not only did the wheelchair type vary according to the different track events, but the
size and type C)f" LhL; wheels, tires, and handrims varied within the chair used for a specific |
cvent. To pe an clite ablc-.bodicd‘ track athlete, one requires only a pair of'track shoes,
fitness. :;nd a little time. The terrain. and gra&c can be variable, Upﬁill. gravel, mud, cement,

. snow, o¥.a sandy beach. The type of shoes worn varies

cobblestone, a farmer's#ield
:liccorgl.ing t¢ the terrain, the speed, and distancé of the run. Convg:rsely, the track whcelchair-
athletes do nél have as great a varic  in terrain upon which they are able to manoeuveritheir
chairs’in races or 'iraining. They are restricted to wheeling over aNrclaLively level terrai: élcaf |
ol rocks, snow or mud, using a wheclchai{ l};al has been tai]ored to suit their iﬁdi\'idudl
nccds.‘.lusl as the ablc-b>0died athletc varié\s the use and length of Lﬁc;spikcs on the track
shoc, the wheelchair athlete tailors a chair 10 suit both the dcbma'ndg of their sporting cvent,
the terrain, and their individual disability . | '
In lilC initial stages of track wheelchair design, there was a great dcal of trial and
L‘rro;‘ involved in materialization of the designers innovative ideas. If the chair was
ucrodyhamic and light enough fo r a fast sprint, then it probably would not ﬁave enouzh .
manocuveurability or stability for Lﬁe athlete to engineer around track corners ‘at high speeds
on all wheels. In-the longcf road. races of 5-15km and marathons, the terrain both uphill and
downhill, the unm;cn surface and the high speeds travelled, meant further negotiéu’bn on’
‘wheelchair d'cs.ign. In road races, the athlete's trac;k wheelchair ‘had to be durable for the
speeds gained travelling downhilland over uneven surfaces. and be light enoigh for the uphil

climbs. Yet, like in all track events, the road racing wheelchair had to be acrodynamically

constructed to obtain the fastest overall race times.
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Some of the differ nces in the constr et 1 and appearance of the track wheelchair

N\ used foLsprims and a chair designod for toad -+ ork and road races were the vnri.;mcc in
handrim size, wheel size (especiall, - .11 wheel size), and in the provision of braking and
siccring mechanisms. It was the well-scasoned road tacers who, encouraged by their occasional
spills \yhilé Lra'i'clling at break-neck speeds, designed a braking mcchz{niﬁm and an accurate
steering device. Thesc road racers often travelled on hilly marathon and road race courses
speeds which have been clocked in excess of‘~55kph (Vince, ferretti, 1980). In the ensuing
experimentation with variéus mcchan_isms 1o provide greater control at these high speeds a
number of innovative steering devices were designed. It is now an up}datcd nd‘juncl 1o the
ISMGF ru.lcs of track chairs to allow stecring devices in road races including marathons,

A track racing chair i$ similar in conétruction o a racing bicycle with its expensive
tubular tires, high quality bearings and lightweight frame (Rudwick, 1979, p.10). A sport
wheelchair used primarily Por marathons and road racing features rear wheels that are 27"
opposed to the standard size, and handrims that age from 11"-12"in diameter and are attached
to the spokes via clips. :rhc_ front caster(s) characteristically f"onna on Lhé road racer's chair
were tp to 12" in diameter and often were equipped with steering handles for directional
control. The large wheels exhibited camber which meant ihal the bottoms of e wheels were
farther apart than the top, or more simpl)l' stated, the large wheels were not parallel

(Rudwick, ,1979, p.10). Reccmly,-tréck wheclchairs sport a single caster wheel. The resultant

- ,
three-wheeled vehicle has proven to have greater mancouveurability in tight track corners, and

maintain the intended line of travel downhill more succcssf'ully {Viger and Kostelvk, 198%).

(ii) Racquet Sports Chairs
The design for 'Lennis wheelchairs is similar to the design of racqﬁctball, t):xs}:cii)ull_
baseball and rugby wheelchairs. These sports all require.a wheelchair that has speed, agiliny
© .
and sturdiness.- The rigours of thesc sports démand that the wheelchairs be capable 0f
withholding their shape and slrucmrc upon contact with other chairs, the floor or surrounding

walls. These wheelchairs generally are equipped with standard size or 24" wheels, small front

N
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caster wheel(s), anti-tip devices front7and rear, and standard size or 13" handrims.

“ (iii) Junior Chairs

The wheelchair dcsigﬁcd specifically for the child or youth is similar to all other
dcsiéns of sport specific wheelchairs. The expense of purchasing a wheelchair for each sport is
not aé common for this group of young disabled éthletes. However exccptions are often made _
in the purchase ofv'spccially tailored chairs for track sprinters. Once a member of a sport
group'vor ¢lub, the child may be able to acquire;\ wheelchair frame that is then adapted to fit
their physical dimensions, Thus the smaller siz&s ‘the main difference in the appearance and
construction of the juhior wheelchairs. These wheelchairs arc baéically mivniature replicas of

the adult size wheelchair models. Many of today's wheelchair manufacturers market a

separate line of child and youth wheelchairs.

(, Fquipment Modification

The focus of sports for the diS{lb]Cd had changéd from participation by the disabled
on the grounds of the Stoke-Mandeville hospital in the 1940's, to the sweaty training bouts
and hard fought battles in whccichair sport competitons in the late 1900's. There were many
athletes who c(n/hanccd their capabilities in sports events, especially their balance, by the
qualili'cs of - their sporting equipment. For example, their particular wheelchair design may
have increascd ihcir sitting trunk stability and balance. Thus, sitting in fheir wheelchairs for
sports competition provided their bodies with a biomechanical advantag;: for wheelchair sports
techniques. For example, a class 111 spinal cord injured athictc (T6-T9) has no useful lower
abdominals, and therclore expericnces difficulty with balance. Perhaps Lhe.densign of this track
athlete's wheelchair included avbuckel seat which positioned the upper body in a stable upright
posture. Seated in the track wheelchair, the new body posture eliminated the need for
abdominﬂ support.. Thus the Whecl_chair design alone created an advantage over another class
111 athlete who compctcd in a different thel_chair design which may -have required abdominal

musculature for balance and optimal body pcisilioning. The drastic equipment design and

\



rﬁaterial modifications caused two divisions in athletic pcrfbrmanccs. First, the alterations in
sporting equipment ha@« ¢ffectively eliminated some of the differences between classes. Thus,
when competing in thcir"innovalively designed track wheelchairs for-‘cx;nnplc, these athletes
were considered less disabled than their medical classification. Thus split classilications were
égvclopéd which allowed athictes to be function_ally classified inlo'di(‘l'crcnl classes for
different sports events. In this study, there were 10 athletes who were split classified. TFor

instance, a spinal cord injured athlete may have competed with class 1 field competitors and
£

class II1 athletes in track cvents.

Secbnd,’ although the material and design modifications to wheelchairs had proliferated
most nations, the resources were not accessible 10 all athletes. In 1982 al the Pan Am
Wheelchair Games in Halifax the Jamaican teams still attempted 10 race in their "clunkers” o,
standard hospital wheelchairs. These chairs, it was agreed, were a factor which inffuenced
their slow, last placc finishes despite their cmhusiasm.. Lessons were learnt on the competition
ficlds and race tracks, and in the following 'Gaxyc's standard hospital wheelchairs were not

sighted amongst the athlete competitiors. |

Inretrospect, the tremendous variety of cquipment and footwear designs found in the
able-bodied sporting world is mirrored in the variety 6( sport specific equipment and
wheelchair models for disabled athletes. The numerous sporfs cquipment manufacturers
. mat cled many wheelchair models which each had several dcsighs. Within cach design there

T _

¢ option of* qustomization not bnly for body size but also for coldur and material
c f.xlrLiclion. The -wheelchair altcfalions included diffefent sized handrims, and wheels, and
different relationships in the scat angle, axle placement, and wheel placement (cambcr).
Additions pf" equipment such as winterized tires with lracquQ\uds.and/or chains arc olien
not well justified as they added bulk, and wecight, and resulied in a decreased maximal speed.
Although Rick Hansen had the opportunity to use this type ol wheelchair in his Man in ‘
Motion Tour, most sport competitions today usc indoor facilitics or delay competitions when

inciemient weather interrupts a practice or race.
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Sports kguipment
Only the greatest of imaginations will capiure what the future holds for wheelchair
sports cquipment modifications. The dreams and innovations in wheelchair designs and sports

H

equipment of today's disabled athletes may become fomorrow's reality. However, if the

- cquipment and sports modifications are to be effective in increasing athletic performance, -

cncouraging mass participation of disabled persons in sports, and minimizing the effects of
the terrain, climate, and the athletes’ disability, then they must idealize the goals, objectives
and lcrilcrion of the diéablcd athlete and their sport. | |
Many waler spbrts require few specialized pieces of sports eqmpmem. Although some

classes of disabled athlctes use floatation devices, most wear onlf swim suits and swim
goggles. Boating and othcr aquatic sports .rcquirc that the sports participants wear specif'fc
prcvcnl}livc equipment such as lifcjackets, helmets, and even gloves. The equipment guidelines
for these able-bodied sports scldom require exceptions for disabled athletes' participation.

/ The wiﬁtcr sports"’of sledge skiing, mono-skiiffig, outrigger skiing, and sledge hockey

arc only a few of the popular snow and ice activities. The thrill of winter sports participation

" has been cxhilerating, challenging, and immensely popular. The innovatively modified

cquipment uscd by disabled participants is individually fitted to each athletes level of

functional ability and skill. The skill determines the type of assistive device or equipment

necessary (or the disabled skier to participale and compete in their sports event. The
equipment used included outriggcf poles which were used most often by amputee skiérs, or
cercebral palsied skiers. Both these disability groups lacked appropriate balance. The additional
hand-held skis imbrovcd their balance by the provision of a grecater base of support on the -
snow. Mono-skis are commonly used by high amputees and spinal cord injured athletes. They

enclose the body and allow the athlete 1o guide the direction of travel of the single ski using

e

hand held ski poles. High spinal cord lesioned athletes often ctfmose a ski sledge. The sledge is -

similar to the bobsleigh, with the inclusion of a high neck roll bar. Like outrigger skicrs,

sledge skiers use their arms for directional control and balance. However, unlike the

outriggers, sledge skiers use shortened ski poles rather than mini skis (Appendix E).

-
e
(,o

e}
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Other winter sports participants were involved in sledge hockey, ice-picking, and cross
country sledging. A modified wooden sleigh with blades was used by b(?tln sledge hockey
players and ice-pickers, while the blades were replaced by runners for cross country sledgers.
The sledge hockey players used a long pole flor propulsion. One lip.ol" the pole was prepared
with an ice pick while the other end had a rubber stopper. The former end was used lor
propulsion on the ice, whilst the latter end was used to shoot the puck into the goal
(Appendix E). In both cross éountryI sledging and ice-picking, two rﬁodii‘icd ski poles ,wcr;‘
used. Sledgers shortened the ski pole's length, and ice pi‘ckcrs adapted onc end ¢&f the

shortened ski pole with an ice pick for traction. The appropriate protective equipment for

winter sports participation included warm clothing, gloves, a helmet, and elbow pads.

H. Rules

The rule books of all sports are constantly being rewritten for many abte-bodicd and
disabled athletes. Rules are influcnced not only by the desire to provide a safc L‘n\’i\‘r()nmcnl
for sports participation and compbctition, but also to provide equality in competition for all
athletes. Thcrcfdrc, to ensure equality, rules must be incorpated that deal with guidelines for:
sports event objectives, sports equipment bc_:th protective and sport spcc:if'ic design, technique,
compctiiors, and the playing surface.

The rules and objectives of many able-bodied sports such as basketball, archery, track

and ficld, and racquet sports are only slightly varicd Lo allow disabled participation. Dis;

athletes use a basket of the same height in basketball, race the same distances in track cvents,
. and compete using the same equipment for racquet Sports ag/’éblc-bodicd athletes. ljowcv ;T
disab&ed athletes parlicipalc in their sports specific, individually designed wheclchairs andK
compete against athletes of similar disability'ciassification. Thq enforcement of approprialc
guidelines both for wheelchair design and for sports-competitors® classification are the two
most complicated and‘frcquer.uly altered arcas of wheclchair sports rulings.

In Canada, there are two sports governing bodics which regulate suitable and

acceplable rules for wheelchair sports competition: ISMGF, lnlcrﬁational Stoke-Mandeville
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Games Federation, and ISOD, International Sport Organizations for the Disabled. The official
rules sct by cach association are diffcrém, but rulings controlling certain aspects of the
functional wheelchair components and sports specific equipmemNarc agreed upop by both .
bodies. In wheelchair sports, these rulings restrict the size of the drive wheels, the absence of
gears, levers, or chains, the number of push rims, and how the legs may be secured while the
athlete is competing in the chair (NWAA in Murphy, 1986, p.55). Specifically, wheelchair
track competitors;

may usc only their hands to propel the chair, and fcet must remain on the

foot rest at all times unless the individual has a doctor's certificate

%indicating this is not possible. The deciding factor at the finish of all
track events is the leading whecls of the competitor's chair.

(OWSA Handbook, 1982)
This Lr:;ck ruling is enforced amongst ail wheelchair track athletes i_ncluding cerebral palsied
ati\lT tes. Higher classes of cerebral palsy athletes may compete with their wheelchairs facing
bac?wards. The finishing posilio'n for these athletes, who use their feet for propulsion, is
decided by the leading wheels which would be the larger front wheels. In water sports the use
of a floatation device, and class :’restficted race events are outlined in the rulings. In fiecld
events, rules and regulations monitor the positioning of the athletes and their wheelchairs
within the throwing boundary, the size lof the throwing surface, and the method of distance
measurcments for caé’ﬂr throw. In winter sports, many rulings pertain to the technique
{ollowed according to race objectiyes, and_the appropriate protective equipmem,.acceptable
techniques, and race or gamc objectives. The great variety of sports equipment for winter
sports, and the significantly different wheelchairs used in track, road racing, and basketball
are an illustration of how 'technologically advanced sports eduipmc;u, wrcelchair designs, and

innovative techniques have influenced the guidelines and rules of disabled <morts.



1. Technique | ®

' Success in sports performance is aéhicvcd through man's inherent desire to achieve the
Olympic ideals adopted from the latin phrase: citius, fortius :ltius (faster, stronger, higher).
To reach these ideals in each sports event, athletes rely upon interrelated and dependent
wvariables such as specifically designed sports cquipménl, an _cl’l'icicm techmique, technically
sound coa‘ching, and appropriate physical training. In track events, field events, water sports
and winter sports, disabled athletes maximize their pcrﬁ)rmancc by modifving their sports
cquipment and adaptifg their wheelchairs Lo suit the terrain, their disability, and to minimize
the stress, fatigue, and high energy expenditure of wheclchair sports. The modifications and _
adaptations to wheelchairs and sports cqﬁipmcm arc a reflection of the techniques used by

7

athletes in their sports events. -

J. Wheeléhair Propulsion

In addition to track athletes, many athletes wheel even if it is not required for
compelition in theif sports event. Athletes who compete in water sports, ficld events, and'
wim_er sports wheel in everyday activitics and for acrobic training. The various technigues ol
wheelchair propulsion are a rcfledion >of disability, wheelchair design, skill, and experience.
All.hough unestablished, it is likely that a relationship exists between the number ol years. ol
wheelchair use and the rcccﬁ.cy of disability. Perhaps the relative case of wbcclchail handling
improves with time. Those athletes who train and compcte in a whcelchixi"r. pul use alternative
devices or aids such as canés, braces, or crutches, spend less time i1 a thclchair. The greater
amount of wheelchair use in activitics of daily living, the greater the number ol years as a
disabled person, and the greater Lhé'number of years in cach sport as a cnmpctimvr or
participant are all factors which promote casc of wheelchair mobility (Brasile, 1986, pp.6-13).
Therefore for those persons whose disability dictates daily wheelchair use. the wheelchain
becomes an accepted extension of themselves. Secondary to expericnce, a biomechanically

efficient style or technigue of wheelchair propulsion can be lcarned. Through knowledgeable
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\
coaches and regular practise, athletes strive to optimize their stroking or pushing technique to

suit their wheelchair, physique, fitness level, and sports evént(s).

Recently, rescarchers have studied the efficiency of wheelchair propulsion variaiibns
apparent in wheelchair racing techniques. Technique variations have been éstablished based
upon body position in the whcélchair, arm length, hand grip, hand/wrist pathway, and
pushing frequency (Byrnes, 1983 in Alexander, 1985; Glaser, 1980;' Glascf et al, 1979; Walsh,
I-x7: Stcadward, 1979; Spooren, 1981; Higgs, 1983). Higgs (1983), a Canadian biomechanist
studied the wheelchair characteristics of 49 successful track athletes at the 1980 Holland
Disabled Olympics. He found that sprim'athlc{}cs' wheelchairs had significantly shorte; and
wi.dcr frames. The scat placement in sprinters’ \\;hcclchairs was forward and higher than
middle distance 'whcclghafr track chairs. Anotherwords, although the wheelchair design chose&
may have been well suited to the athlete's physical characlteris'tics, and wheelchair stroke
technique, it was lurther modified to suit their sports event. i
| “In '1979, Slca(kilward examined the phases of the conventional wheelchair racing
technigue. He concluded that there should be no pausc bct\;'een the two identified phases of
the stroke: drive phase and recovery phase. To achieve the idealized circular path of recovery
along the arc Qi' the wheels and to maintain a streamlined body position, athletes modified
their w.hcclchairs. The larger drive wheels were cambered and the size of the push rims were

altered to a'llow a complete hand grip on the push rims. Asavama et al (1985) correlatei‘i"vpush
rim sizes and arm work. He stated that, although influenced by the terrain, there is a positive
rcla.lionship between small push rims and arm muscle contraction. The arrﬁ muscles contracted
over a relatively long duration and recovered bctwcén each contraction for a longer duration
than with the larger push rims.

Spoorch’ (1981) emphasized the importange of a downward pushing angle in the drive
phase and av zero tecovery phase. No other researcher has advocated a wheeling techniqué that
was characterized by no recovery phase. Byrnes (1983) acknowledged the presence of differem

pushing styles but it was not until 1983 that hand/wrist pathways of wheclchair propulsion
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were studied. Higgs (1983) identified three distinct hand/wrist pathways used by Olympic.
wheelchair track athletes. Although unable 1o state the influence of hand path variations on
performance, Higgs recorded these path.wa_vs as a ncar perfect circlc,‘a figure eight and the
common eliptical pattern. The cfficiency of the chosen wheelchair propulsive strohe was
dependent upon the maximal force applied to the push rims over variable terrain withe the
minir;ium of stress, fatigue, and energy expenditure, Byvrnes (1983) stated that experience
alonc resulted in maximal force application by clite wheelchair athletes. Their well-practised
technique, together with a short recovery path he stated, would optimize the Foree application.
In his study of 10 wheelchair athletes, Byrnes (1983) noted the importance of a shorter
recovery phase rather than a smaller sized push rim.

Recently, Walsh (1987) investigated the influence of pushing frequency on wheelchai
sprinting speeds. Maximal forpc application in sprixlling she advocated, was achieved trw a
short drive phase; "fast pushing frequency and short pushing length” (Walsh, 1987, p. 13).
This was th¢ first.published study which invcstigath‘ the importance and in.f'lucncc of,
freqﬁcncy rather than wheelchair stroke length. She advocated a short drive ph;x.xb "Tust
pushing ffequency and short ptishing length” to achieve magcimum_spriﬁxing vejocity (Walsh,
1987; p. 13). This was the first published study which investigated the importance and
influence of frequen,c.v'rathcr than length of the wheclchai'f stroke.

The force implicd to the push rims is partially determined by the hand grip on the
push rims. Few articles have discussed the similarities of hand grips. However, a visual study
of the wear patterns of gloves worn by wheelchair athletes suggests Lhaf hand gribs arce
similar. Except for the backhanded lcchhiquc uscd by quadriplcgics,vlhc greatest amount of
force is imparted thfbugh'thc'thumb and inde f’ingérs of many wheelchair track athletes
(Platec 1V.1). |

In 1985, Ingmar of Sweden introduced a revolutionary hand g"rip for fellow
guadriplegic racers. Using the doréal aspect of the hand and wrist together with an oversized,

reinforced glove, Ingmar cffectively decreased the energy cost of wheehng for quadriplegics.
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This backhanded Lcchniquc<cﬂ'cctivcly propelled the wheelchair by coniacting t push- Tims
with the back of the hand, drawing Lf)g' hand up and over the push rim, axfd finishing the
powerful stroke with lower arm supination (Alexander, 1985, p.2). This technique demanded
movement from the available functional muscles of the quadriplegics" shoulders, supinators,
amd Wrist cxlensors. T‘hc marélhon records for this quadriplegic class of traCk athletes were
shattered by morc than onc hour in 1985. This dramatic performance improvement was linked.
to the cfficiency of Ingmar's backhanded pushing tecchnique. The grip quickly gained )
popularity amonlgsl quadriplegic track competitors throughout-the world. !

The high visibility of wheclchair track has been an chcouragcmem to the handful of

rescarchers who have studied technique efTiciency of wheelchair track athietes. Now that

technical articles are available in this sport, investigators should focus their research on sports

;;i:\ :

specific technique characteristics, of other less visible, or less developed wheelchair sports.

K. Wheelehair Locomotion

The important variables ol whéclchair dcs'ign, sports equipment, and technique have
influenced the cfficiency of wheelchair propulsion only mﬁrginally. Physiologically, a high
correlation blecen asynchrbnous arm-movement and energy éonsumption has been found
(Glaser ct al, 1980). Few peoplc realize the physical stress, fatigue and ﬁigh energy cost
associated with wheelchair propulsion. The asynchronous upper limb movement of wheelchair
propulsion has been identified as the source of high energy consumption. The 'unnatural
m-(ﬁion' of manual wheclchair propulsion is encrgy" wasteful (Glaser et al, 1980, p. 506). For
a novice, just minutes propelling a wheelchair produces blisters, and aching thumbs, fingers,
and shoulders, a fact which painfully confirms that "the arm muscles were simply not made
“for locomotion ;'(Glascr ¢t al,1980). Glaser (1980, 1981) an Americanf physiologist who has
specialized in ph_\'siological testing of _whec]chﬁir athleies, studied able-bodied subjects and
different formy of; locomotion (Glaser ¢t al, 1980, p..506). He concluded that walking and

bicveling were among the most efficient modes of locomotion. "Think of how you walk or



ride a bicycle”, Glaser explains, "You use an allcrhaling motion” (Glaser, 1981). The
alLernaLiﬁg. motion used to walk or to ride a bicvcle was phvs nlogically a less Strenous
. movement (Glaser 1980). Both walking and cycling are dissimilar from wheeling. First,
walking and cycling employ asynchronous or.rcciprocal limb movements which the nérvous
system coordinates better than simultaneous movements (Higgs. 1983). Sccond. the wheelchair
user must rely upon the upper body musculature for movement. Thus, in addition to the
demands ¢f the Synchronici_ly ol wheelchair propulsion, the wheelchair user is af a greater and '
more immediate dis_advmﬂagc betause the physiological response to arm work is mechanically
less cfficient than leg exercise (Asayéma ot al, 1985; Stewart, 1983; Ready, 19819 .In
accordance with Aéayama et al's.work (1985), many sc'icmisls are in aggreement that the VO?
maximum of arm work is 35 percent lower than that of similar leg exercises (Grimby, 1980,
p.14; Astrand and Rodahl, 1970, p. 168). Also. Shechan (1986) has observed that the
maximufn hcar't rate is gcn\crally'lowcr for Athlblcs who.cxercise in a sitting position (Sheenan,
1986, p. 69; Duda, 1986, p. 56).

The more physio]Ogica.ll-y demanding asynchronous limb movement, the smaller
musculature, and the decreased maximum VO?2 61" the upper body as compared to the lower
body, are a]i factors which lead 10 the high energy cost of wheelchair prqpulsion."/\ further
reduction of the phyéical work capacity of the arms is directly related to the population who
uséﬁwhe‘clc.hairs. The disability types, including péralysis, arc associated with altered bodily

. functioning, baléncc, dcncrvatcd musculature, muscle spasm, or f]accidilf. All wheelchair

users given their limited physical work capaul» are rcqu1rcc 1o usc rclauvcl\ wmk Upper--

4 o 1

Lhcxr whcelchdlrx

-,

Unfortunatcl) w%edcfu

d‘&"" I

events are conducted on the levelf
example, contend with tight track cornery, while road"ra‘g'crx %)nlcnd with architectural, and
- :\;‘

. PR ' o
topographical barriers which include sidewalks, curbs, pothtdes, and hills. According 1o both _

Long (1984) and Voigt and Bahn (1969) wheeling uphill caused rapid localized muscular
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latigue (Long; 1984, p.140). Marshall (1984) similarly described the hardships faced by

N
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‘downhill wheclchair propulsion. He recognized that the variation in drive wheell camber is the
“single. worst mechanical problem wheelchair,users contend with on downhill courses. While the
smaller ftont caster wheel(s) follow the steepest downhill line, the desired Eoursc may not be

1

along this ﬁﬁc of ‘travel. Thus athch‘cs must continually correct their whgclchair's direction of
travel by altering the drive wheels (Marshall, 1984, p. 303). |

I is outl of these 'hardships' that several types of stecring and. breaking mec.hanisms
have been invented. Although many of these mechanisms are presently dissallowed, fulings

v

may change if the mechanisms increase the safety of road racing. The wheelchair designed
with a s‘inglc front caster and a slécring mechanism has been a s:ﬁccessf"ul and popular
cc')?bination among middle distance and road racers.

In addition to the difficulties associated with whceléhair travel, both uphill and
downhill, M,arshall (1984) noted that thé shoulders of roads affected wheclchair propulsion. ‘
Due 10 the inﬁcrcnt Tonvex contour of roads, there is a continual drag toward the ditch or
guilcr when wheeling on the road. Ideally, wheelchair users wou'd prefer to propel themselves
a}oné the crown 'of" the road', as the 'ditchward drag' results in an il;cfeascd strain to Ih..e
outside or dilchwqrd arm. However, traffic Qh busy roadways prevents this choice except on
roadways which havé been closed for road racé competitions.

Cofipled with a variable terrain, is the climatic'-effecl oh the terrain surface. The
racing surface could b'c slick, slow. bumpy, or soft as determined by rain, ice, snow, débris, . P
or mud. The variable.clim:tic conditions of race courses not only increase the hazards

associated with sports participation, but also alter the energy consumed.

Finally, there are those factors which involve the physical parameters of wheelchair

.
A

locomotion. These factors include nét only the phys’icil'characterislics uf the wheelchair such
. R ' '

as the handrim size, camber, weight; and the ém{ironfntjtal elements such as grade of slope,

. @

" and terrain; but also the individual's present physical cardiovascular fitness and strength

(Hildebrandt ct al. 1970: Voigt and Bahn, 1969; Zwiren and Bar-Or, 1975). S

@
¢
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L. Fitness and Training in the Disabled Athlete

As wheelchair designs became more sophisticated and the Lcchniqllcs'_ol' wheelchair

. -

‘athletes became more refined, a good wheclchair no longer determined the champion of the
s‘ports compctition. Instant success could-.no lon be achieved merely by adaptations of the
standard hospital wheclchair. _Thcfc bccarﬁc more to winnipg than simply a wheelchair that
weighed less than 40lbs. Those athletes who had access 1o local recreational or competitive
commum'ty facilities were begimy‘ng 1o train before the day 6!‘ the competition. Many were
coached on sports specific techniques, had constructed or acquired sports specific wheelchairs,
and ﬁad diligently adhered to rigorous training schedules. "It used to be that I would compete
in 5 or 6 ¢vents, some of lhcfn I had never cven tried belore” (Ell, 1985) To.du_v,
incxperiencéd athletes who compete in sports events would have difficulty placing in their
; heat. If unfit, they certainly would be unlikely candidafes for medals. In track events |
.

untrained, poo:ly equipped competitors were sure 1o be quickly overtaken by the more fit .

athletes.

(1) Cardiovascular Fitness
3

The physical stature of athletic competitors, their cardiovascular fitness and strength,
are vitally important cha-r?actqr.islics (Hildcbréndt et al, 1970; Voigt and H;mn, 19068). The
importance Vof fitness training specific to idiSZ.ibICd sports involvement is \supportcd by medical ¢
and health professionals (Jackson, 1985; Ryan, 1981; Ward, 1982; Slcad&érd, 1979; Walsh,
1987). Not only must athletes use sports specific sophisticated equipment, be coached well,
and t{c skillful in their sports events, but the physical demands on their energy c,'\bcndim'xc
must ‘be met éonservatively.

To allow for cxcrcise-induced lactic a’ciq and other waste products o be removed from
working muscles, and energy to be replaced, I'itncss trzining programs must be complete, sz;l'c,

and personalized. Although whecichair athletes rely on anacrobic power for many sporls

(Corcoran ct al, 1950, p.698), anacrobic training must be accompariced by prescason acrobic



endurance-conditioning programs. A high level of“acrobic fitness increases the body's ability

10 remove waste and replenish encrgy. |
All kinds of physical work, including sporlts activities, demand that the working

muscles be continously supplied with sufficiently oxygenated blood by the cardiovascular

system. In some severe physical disabilities, the muscles which assist the heart and lungs, such
as the thoracal in‘tcrcostal,_muscjcs, may be either partially or completely denérvated. Their
diminished or Jack ol‘o-cox‘nract;\ilil;'d_cpr‘esscs the lunctional capacity of the cardiovascular
R . . . L :)n . ”’ “;'
\

‘.syslcm:. In some inslailccs: the extent of the paralysis may inhibit the parasympathetivc and
sympathetic nervous systems full functioning capacil'y (Grimby, 1980). Furthermore, the
‘physical characteristics of quadriplegics or more scverely disabled spinal cord iffjured people

- often include a low heart rate which does not rise with C)\:CICiSC (Glaser, 1978, p.l341;
Grimby, 1980)(Appendix H). In light of the ph'ys‘ié’al_ compli&ations and restrictions associated

with wheelchair athletes’ disabi]ities, a knochdgcable coach is required to prescribe
N i

+

individualized, sports specific training programs for competitive wheelchair athictes. Yet,

b

“training" states’Ward (1982), a well known Canadian track and ficld and swimming coach, .
“should not be treated as therapeutic exercise, but physical training for the competitive
athlete” {Ward, 1982). At a competitive level, few programs exist that have been designed

specifically for thé training of the wheelchair athlete (Nilsson, 1975; Knuttson, 1973; Ekblom

« ’

and Lundberg, 1968). Yet, a glance at the more than 35 different sports inciuding racquetball,

basketball, skiing, swimming and road racing, leads-to the conclusion that, "a high degree of

o o’

triining is necessary” (Crews,1982). theléhéi‘f marathoners, for example, must not only,
. ) k] 2 e
have the fitness level to maintain their remarkable race pace, but the mental {raining to

N ‘w L X -
complete this gruclling endurance event. Their training must prepare these athletes to adapt to
,all types of terrain and climate. Some clite 'wheelies' have competed in two marathons, one

week apart, and have ranked amongst the top five competitors o1 their age category in both
' 'F,A;' -
races (lerretti and Vince, 1986). Although some medical,phyéiologists and specialists may
» ! ST C

debate the health hazards-of this feat, their physica]vfi}nélspsﬂ capacity is indisputable.

¢
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M. Related Review of Litera-

thther the changes that occur wuhm sports begin with the athluc s technique, ¢

!

futuristic enginecring developments in’equipment design and materials; these ch;mgcs ;lll
influence the ultimate performance of the athletes, sports tules. and the nature and caiise ol
‘ sports injurics. Unfortunately,. the leaps and bounds in whulchanr sporl\ participation,

performance, and equipment dcsizn have not been acéémpaniéd by an increase in available '

. 4 b
! el . x. .
sports medical information on the dlsablul The hdd ol sports miedicine has rec civel L
. ?"

considerable amount of attention over the past Ievs dcudca Thc numerous medical- wum s,

books, and articls wiich have been publishcd in recent years on injury treatment and

*
¥

prevention are ¢v ¢ of the popularuv and pubhul\ aﬂ‘:@rdul ahk bodud .nhluu and lhun
injuries. Yet, sportsmcdlcme also ha& an 1mporlanl role to pln\ in-the present .uul lunm

bl

endeavours of disabled athletes. The ongding involvement oI‘ physicianf.su,,;1mincr.s, and other

- - o1
Lt IS N &
» o
Y -

sportsmedical team .mcmbcrs is crucial. -
Their involvement in thelch‘alir sportsn?cdicinc 15 essential in order 1hzn‘ prnl'c{xu‘m;nl
awareness of available z;thlctic aclivitic§'l‘or the-disabled avll)lc_tc:s is increased, the athletes ;m:
examined and classified, and assistance is pron{dcd in the p»r,c‘vcmion'. rccognilimﬂ‘di:xgn();is,
and proper treatment of wheelchair athletic injuries. In conjunction with the Stoke Mandeville
Games, a small group of doctors witha vested interest in spinal :cord'injurcd athletes, held
annual meetings. On Jﬁly 28, 1961 these medical doctors ;m@tcd {¢) cncdurugav-"l,hc :idv:mccnu-m
of medical knowledge regarding disabled athletes by founding the International Medigil
Society of Paraplegia. Out of the prcséntation and discussion o! papers and current tesearch
al thesc confercnces the well known, international journal, amplcgu was bn.vn Iod;n",
Paraplegia .is the recognized Joumal of the spinal-cord injured and is prmtu and subscribed

to. b) readers in more than threc languages throughout the world The scope ()l its coverape

pertains strictly to the-disabled who were paralyzed via spinal Lord ddmdg(. and does not

provide information or technical guidelines regarding disabled athlet

b{_/dtl according to

Messner (in Stewart, 1983), the sportsmedical aspect of disabled athletics has only been i pir
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of the European dlsablcd sports organizations for about 20 years.

More r,pccn.tly m lhc carljo s Sports'N Spokes, a magazine for wheelchair sports

)

and rccrcalion was published bimonthly primarily for those with spinal cord injury, spina
blhda and s;ymc congenital defects.” This popular journal contains articles and-advertisements
on WhCL]Lhle sports competitions, recrcauon cquipment, techniques, personalities and rclated
Stopics. Allh,t)y;gh‘ Scarqc, afew s'cicmiﬁc articles directed towards the rpedical and physiological
- aspects of sports for the disabled have been published. These sciemific\articlcs, together with
" the medical articles ptxb}jsjhcd in Paraplepia and the spofts interest articles printed in Sports'N

W
s

Spokes comprise the limited literature on wheelchair sports and disabled athletes. Some of
these rcscarchcrs\;hav‘.@ recognized the important role sports medicine plays in ;h% athletic
careers and achievements of disabled athistes (Corcoran ct al, 1980; Curtjs, 1982; Stewart,

1983; and Botvin Madorsky and Curtis, 1984). However, with the exception of brief

N .
statements in a couple of these articles, the only sources of statistically sound data relevant to

".fwhcclcha\.ir sports ‘mcdicinc are the medical reports of disabled competitions, and the handful
ol sparts medicine questionnaires that have been conducte;i. \ﬂ u
| In ,:1981 ,‘.Curlis collected da‘ta on injurics to wheelchair athletes through a
5 qucslionnaiﬂm that was mailed to su(cribcrs of an American wheelchair‘ SpOTls magazine
cnnllui bporls n Sgokc Oul of the over 1200 questionnaires that were distributed, only 129
questionnaires, or lcss than twenty pcrccnt were rcturned (Curtis, 1982). Botvin Madorsky)
;md Curtis (1984) presented data on wheelchair sports injuries that-were based on the
,statistical data reported by Curtis in 1982. They stated that the most prevalent 'injuries
suslm:ncd by wheelchair athletes were soft tissuc injuries, blisters and skin lacerations or
;1br;.1si0h;s"f'Thc major sports injuries, such as fractures or trauma leading to further
permanent _disabilily. they claim were rare (Botvin Madorsky and Curtis, 1984, p. 129). The
Gn].\' other questionnaire concerning injury to wheelchair persons was administered in England

to 708 members of the British Spinal Cord Association by Nicols ct al (1979). Their return

rate of 79.5% revealed that of the approximately 5% British spinal cord injured population



sampled, 51.4% or 266 of the‘respondents suffered-from pain-on or around the shoulder. No.
.»“ '/» ' s
further breakdown of the data, Such as the nature and/or cause of the shoulder pain, was

~

given by Nicols et al (1979). Part of the conclusion to Nicols ¢t al's (1979) rescarch was
based on a comparison with another study. Unfortunately, the data for the incidence of

injury in Nicols et al's (1979) study was compared. to able-bodied data collected by Trvine ¢t

al (1964) on neck and arm pains in paticnts of a gencral practitioner. Based on the use of

these patients as controls, Nicols et al (197(%%, contcluded that people who are users ol

P2y

self -propelled wheelchairs are more liablc;?(p‘fdc_,velop pain around the shoulders than any ape

group of the normal population.

&
No other studie$¥or articles dircctly pertaining to sports injuries are available in the
3 L

lit@g;ure. However, in a-study con}duclcd in Montreal 'on 130 male wheelchair basketball
subjects by”McDor‘liell et al (1980),'it was rcported that four out >1 the experimental subject
group were, 'unable to adhere 1o the training program due to pressure sores and/or bladder
infecti'on ". No trau}natic injuries were reported. throughout the mild to moderately demanding
exercise training study. Unfortunately, the completeness and the accuracy of the medical
* games records kept by thev varipus sporismedical specialists who accompany ihc competitors 1o
the games, varies with the lt':vcfof competition. Seldom arc any formal accounts kept at the
local or provincial competitions of the specific type of injury treated, the frequency ol injur'_\,
or the sport in which the injur‘y occurrca. Occasionally an effort is made at international and
national games to record some statistics of injury occurrence.

Most of the medical reports that arc written to summarize the injuries that occun and

the treatments thatl are administered to the athletgs at the various competitions, are bricf

9 J;.O'_ a

descriptive accounts which focus more on the T&gﬁﬁms available and the materials usced riather
than the nature aﬁd cause of the injuries sustained. Thc’ physiotherapy report of the 1964
Paralympics hela in Sloke—Mandcvil}c, England describes the nature of the injuric:s that
occurred by the number and type of injuries that were treated; for example, "b.lislcrs 5,

; {
abrasions 4". No data on the sport or the athlete's classification was presented (Mount,
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19%4).

In contrast to Mount' s, madcquatc summary, thc comprehenswe ,Medxcal Report of the
i3

1980 Holland Olympms prcparcd by athlctxc Lramer Wllcox (1980), presented staustxcs on the
number of condilioqs treated by sport and by classification, and the specifi :\« e of |
- . .
“1reatments rendered. There were a total of twelve wheelchair athletes who suffered injuries
throughéui these games: Four reported muscle strains, tendinitis, or abrasions, while 6ne
athlete acquired spinal pain and another a metatarsal fracture. The %raclur‘pvoccu;ed to a polio
wheelchair athlete who received a plaster cast for his foot and wgs;ablc 16 ‘é:c')nﬁ*ﬁu%"'competing
in all hi; events just és soon as the plaster cast had dried. The report of the Holland Olympics
. ,
contained specific and statistically uscful data that has not been found elsewhere in the
literature. In addition, Wilcox included a copy of the 1rcalmém report forms used and the
medical report form that contained the medical information for all competitiors. A summary
of 'all the traumatic and hygenic problems that were encountered at the 1980 Holland
Olympics rmd requircd trcatments, were documented in the chief medical doctor's report. Of
these, there were 35 minor abrasions treated includ'ing blisters, boils, laceraiions and pressure

=

sores. The 1o

physiother
strains (19) and ligament sprains (16). ’
Although wheelchair sports are relatively new, they have developed rapidly. In their
. pursuit of excellence, wheelchair a{h]clcs have invented wheelchairs, developed techniques,
modified sports equipment, and popularized wheelchair sports participation. As the number of
-
elite wheelchair athietes increases, the competition intensifies, and the training goals of the
wheelchair athletes become more difficult to attain. To meet these challenges and to reach
one's ful potential, athlctes adhere to dedicated training regimes, that are balancc_’.d,
personalized, and ph\slologlcalh an¥ technically sound. Since injury incidence is inevitable in

all sports participation, the etiology of wheelchair %ports mjur\ is of interest not only w

wheelchair athletes, but also their coaches, support staff, and interested others. This research



SO

study presents statistically sound data in a scientific format. Many means of prevention,

possible causes of injury, treatment rendered, and several recommendations are discussed.



Chapter III

METHODOLOGY

A. Nature of the Sample
The szarnplc for Lhc'study was comprised of 90 Canadian wheelchair athletes who had

compeled in wheelchair sports at the provincial_ national, or imcrnational level in 1985, and

.

who were active mcmbcrs in Lhc Canadian Wneclchalr Spoﬁssouauon in 1985. The data was. N
collected al scvcral disabled dthletic compcuuons hcld durmg thg%prmg aﬂdj})l _r¢ AP 1985 o ‘\'

in citics thraughout Canada. The survey data was gOuped accordmg to five dli"Fcrem

1) compctitivc experience, 2) province of residence, 3) -body pard igjured, 4) sports‘\w-ﬁérc,

injuries occurred, and 5) disability classification. This stud&"s data has bcenﬂ analyzed in Lhre.c.
ways: according to the number of athletes injured (n=289), according to thev’frequency of.
Injury by sports event (n'=2346), according to the frequency of injured bodyg'p‘grtsA(n:ﬂS)
(Table TV-II). | ;

<&

The age of the youngest competitor was 15 yecars and the oldest was 46 vears old.

Seventy athletes (80%) were between 15 and 34 years. The modal age (seven athletes) was 23

3
v ,

years. The average age of the wheelchair athletcs‘in this study was 28 years old. This was well
within Lhc average age range 20 to 29 ycars which Chen and Lien (1985) stated was the age of

, lhc\highcsl incidence of spinal cord injury (Chen and Licﬁ, 1985, p.368). The ratio of male to
female of all the athletes in the study approximated eight to one. This ratio is also a reflection
oflhc sex ratio for the general population of spinal-cord injured people. From April 1984 to
Mafch 1985, 78.4% of spinal-coré injured in Canada were males. This national statistic is a
male/female sex ratio also of eight to onc (Bernauer, 1985). Although Pth‘ere' was a higher
pereentage of spinal-cord >injured males in the total sample population (8:1 ratio), within the
group of spinal-cord injured the ratio ohf male to female approximated one (1:1).

The mean number of vears of disability was 13 vears. The modal length of disability

was [ive vears. While two athletes were competing after onlv 11 months and 12 months of the

A4
b



date of their disabling injury, sixty percent of the sample had been disabled between 3 to 13

/

VCars.

The percentage distribution of the total sample population by disability was 71.3%
(two-thirds) spinal-cérd injured, 13.8% (less than one quarter) amputee, and 14.9% les antres
(Figure I11.2). The les autres category includes all_‘,thosc with spina bifida, polio, cerebral
palsy and othcr“n‘eurological and congenital disorders. Each of these disahility organizations
has devised their own number and/or letier system of classilication based on their medical
disability (Appendix F). Iuspite of their medical classification, many disabled athletes who
used a wheelchair to compete in sports, were alsn functionally classified. Their functional
clissification Was dependent upon the cvaluz_nion of the wheelchair athl#te within the
environment of their sports event. Thé@gdition of this I'ungtional means of classification
originated in direct response 1o innovative whcvclchair designs.

In retrospect, wheelchair sports competitors are a gathering of many disability tvpes.
For the purpose of t}}is study, these classes were split into three groups; 1) the parapleyics
and ampulees, 2) the qﬁadriplcgics, and 3) others (les autres). The pcrccni distribution of
quadriplegics in this study's sample population was 32.2%, whilc the paruplcgicé ahd amputees

- <> v
ve'vcomprised 52.2%, and the remainirig 15.6% were 'les autres' (}’*‘{?g.urc 111.2).

B. Wheelchair Sportsmedicine Questionnaire

To investigate the ctiology of sports injurics to Canadian wheelchair athletes lhr(mgh
participation, training, and compctilioﬁ. the survey technique was chosen. A three page
questionnaire was devised specifically for this study and is included in Appendix C. Some of
the questions were adapted from the 'Wheclchair Sports Medicine Questionnaire' usced by
Curtis (1982) (Appendix D)..Thc rcm'aindér of the qucsltions were developed following
review of literature concerning wheelchair sporting ac:ivities, and in consultatign with

sportsmedicine and adaptive specialists, coaches, and wheelchair athletes.
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- The nature of the questions centered around the many extrinsic factors which could have led
to wheelchair sports injury. Additional information regarding Lhé type of wheelchair used, the
hours spent training, and the number of competitions entercd was also gathered. The format
ol the questionnaire included several closed questions accompanied by a few open-ended

questions.

C. Procedures . N
The researcher administered cach survéy on a onc 1o onglbasis with each athlete, This
ensured that the purpose of the survey was understood by the athlctes, and that Lhc:';
ummlclod the surveys correctly. The "Wheelchair Sportsmedicine Questionnaire’ and the
. . .

accompanying instruction sheet were distributed directly by the form adeninistrator to the

wheelchair athletes at the vatious competition sites across Canada.

D. Data Analysis
At the completion of the data collection in Augu_sL of 1985, the data was transferred
to a compuler-Tile. Basic descripiivc statistics were computed using a Midas program. The

analyzed statistics were presented 1ising frequency tables, figures, and pic

graphs which S
- . I . -

.

illustrated the injuries to specilic vb_‘o'. /v‘_'fvgart_sarclaliye 10: each sports cvent the athlete

¥

competed-in, the location of the injurics, the'frequelicy of injury occurrence, the treatment

Follow-up carried out, and the total injuries which occurred in each sport (Garrick, 1987).

Other figures represented the statistics regarding the sex, age, disability, competition status,
number of training hours and eompa
oo

R,
used by the sample population)# *,

9zl

jlion years, protective gear worn, and type of wheelchair

. ’23 o "3 . T,,." >
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Chapter IV
RESULTS AND DISCUSSION
When it comes to reading the report of an empirical study...the lavman

reads the-text and skips the tables, the rescarcher rcads the tables and
skips the text, as long as they agree with cach other

4
i

(T.Hircshi and H.Selvin, 1982).

A.ASports Experience

Overem, the 90 athletes pa'rlicipalcd, trained, and competed in sports for an average of
6 10 10 hours per weck, and a maximum of 25 hours per week (Figure B.1in Appendin B).
Participants compcted as wheelchair athletes in 80% of the 30 different sports events listed in

£
‘the study, while 20% were recrcational participants. Those sports with the greatest number of
both recreational participants and _conﬁpcu’ti\k athletes included ficld events, track cvéms_
baskctball, road racing, and swimming. The Icast popular sports were sledge hockey, water
skiing,FCP soccer, and badminton.

The number of competitjve years ranged from 1/2 to 14 years with the mean‘ycars,ol
competing as 4 1/2 years; Over a maximum of 14 years, the number of compclilions'}cnlcrul

by the athletes ranged {rom 2 to 210. The athletes competed in an average of 5 compeltitions

per year. This study documented the numbers of athletes who competed at three levels of

P
competition; provincial, national and international. The greatest number of athletes (60%)

competed at the national level, with only 34% having competed at the in-L_crnali(.)nul ]cycl.
(.Figurc IvV-1). ‘

Further to this information, statistics on the mean numbér. of yc:.lr.s athlctes unnpcldl
imernatioﬁally were calculated. Ranked, according to the athletes' greatest to Ihcir‘l‘cus‘}
average number of imernatibnally competilive years, the sports were: baskclballﬁnd club
throw (6 years), track sprints and middle distance (4 years), and weight-lifting (3.§ YCATS ).
Those sports with an average of 2 yeass or less of international competition inclhdcd lcnnils,

road racing, table tennis, rugby, and racquetball. Sports in which the greatest number of

athletes had competed at the international Jevel were ranked as follows: road racing (14),

s
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" Table 1V:l High Partitipation in Wheelchair Sports

SPORTS LVENTS ' # OF ATHLETES % OF ATHLETES

PARTICIPATING NVOLVED
(n=30) . per sports event ( N=90)
Ficld Events (4) : :
discus 47 52.2%
shotput . a4 P 49.0%
, javelin ‘ 38 o 42.2%
. club phrow - 20 22.2%
Track Fkvents (2) S .
’ sprints ' 61 . 0 68.0%
middle distance 34 38.0%
Baskctball 6, | ™ 62.2%
Road Racing 36 C - 40:0%
Swimming ' .35 ’ 39.0%
Tablg Tennis : 34 38.0%
© - Rugby - 28 . ¢ 31.1%
Weight Lifting 24 27.0%
Tennis ’ . 23 . ‘ 25.6%
Archery 21 ' 23.3%
“Kayak 19 ’ 21.1%
Volleyball 16 18.0%
Softball 10 11.1%
Riflery 9 10.0%
Sailing 7 8.0%
Riding 7 8.0%
Bowling 6 6.6%
Slalom 4 4.4%
Sledge Skiing 4 4.4% -
Qutrigger Skiing 3 " 3.3%
Racquetball ' 3 R 3.3%
Scuba, 3 ' 3.3% <
Snooker 2 2.2%
Sledge Hockey 1 1.1%
Badminton 1 1.1%
. Water Ski 1 1.1%
Soccer 1 1.1%

basketball (13), track sprints (11), and track distance (10). Although road racing is a

0 [ ’
relatively new sport in international competition, it is-a very popular sport. Several other new
. { - . . I . .
wheelchair sports to soon appéar on the international competitive scene include: outrigger

skiing, siedge skiing, softball, and racquetball.

~
—
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B. Regional Statistics s
Canada's ten provinces (the territories were not suzveyves) were divided into three
regions which included athletes from British Columbia, Alb. -a, * askatchewan, and Manitoba ~

® . L *
(the West); Ontario and Quebec; and the Atlantic provinces. lear v one hall (54.4%) of all

the athletes were from the West, 26.7% (or onc quarter) from Ontario and Quebec, and

-4

18.9% from the Atlantic provinces (Figure IV.1). The discrepancy in athlete density by "l

geographic location of this study's wheclchair athletes was not likely 10 be a true indication ot
*

reflection of the population density dlsmbuuon of all Landdmn whuldmxr athletes. Rather,

the’ collecuve contributions of cach region's physical size, lhcn wmlabnhl\ of coaches, and the
characteristic climate of each region, were influential {actors in the whcclchair alhlcl\cs' choice
: b

of provincial residence. The athletes' are unlikely (o have moved 1o provinces 1o obtain betten

quality acute care because spinal cord injury care centers arc located in major cities

Q

throughout Canada. The pe?@emage of male to female athlctes for cach region was gphsislcnl

with the 8:1 ratio of the total S%I;nple population . Ontario and Quebec had the highest

ercentage of national level competitors at 79.2%, while the rcmcs'y ereentage of
gf g p g P 12

international athletes were from the West at 46.9%. The consislrcmly v.vnrmcr?mo-nl.hs_
characteristic of Canada's west coast climate, may have influenced the more serious

. P
wheelchair athletes to move West. Tr_aining outdoors all year long has its advantages. ‘
Howevcr, the recent popularization c:f wheelchair ergometers and aclccssiblc training cenicrs
has made u}door training a viable altcrnatlvc for dcdncaled wheelchair athletes (Gass, ]%l,
Sleadward 1979: DiCario, 1982) Thus the development of well-cquipped, accessible, lnd()()r
training facilities has perhaps lessened the urge for wheelchair athletes to move to the West
coast where thev grass is green vear long, and the wi;ncrs less cold. The high pereentage of
international athletes from the west was perhaps a compliment to the regional coaches.
However, as there was no established system to acknowledge or assess the credentials of
wheelchair sports coaches, it was difficult to _ma}‘cj"'c;g}as;ms about regional coaching expertise,

s,

or regional concentration of clite head coaches:, o .
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The athletes from the Atlantic provinces primarily had c.\pc‘riencc competing at the provincial
level. Perhaps, therc was a correlation between their infancy in wheelchair sports
development, and their inexperience in wheclchair sports competitions. As 1985 was the first
vear of the Maritime regional games, perhaps it was the {irst opportunity lf'or many ol these
athletes to compete. The less densely populated cities and towns 10gbthcr with the, ;'\b.undnm'c
‘of ocean between provinces results in a natural isolation of whecelchair cmnpplilurx within the
Atlantic provinces. It is difficult to perform at a na_lional or inlc.gg%lnul level l\(ilhmn
2 .

regular competitions to compete in and competitors 16 com‘qle against.

Regionally, 55% of the athletes {tom the West spém more than 10 hours per wcck'
involved in wheelchair athletics, while the aihlclcs from both of.the other regions wery

~ . .
represe_med by only onc third of their athictes who trained for greater than 10 hours. This
statistic pointed to a relationship between the number of training hours and the Jevel of

competition. The west region had both the greatest percentage of international athletes, and

the greatest representation of athletes (16.7%) who trained for at least 10 hours per week.

,
.11

C. Wheclchair Sports Injuries
Table 1V-11 is a summary of the number of athletes injured (n=289), the frequenty,
of injury by sports event (n=2346) and the frequency of injuries by location (n=2328). Thus -

each of the 90 athletes not only injured more than onc body part, but sustained injuncs‘i‘n

more than one sports event. Overall, the injury statistics underestimated the tolal freguencys

£

of sports injuries to all Canadian wheelchair athletes, Duc to Lhé nalurc‘og sam‘pl‘{ing from« -
four competitions in Canada rather than an ongoing injury recording system, the l;;ix]f"()r-l]?flli‘()?.l‘
was dependent upon the memorics of the a’lﬁlcpcs. Thus thc: types of infuries _l'hullu_wc:r'rc ,
recalled together with the popularity of éome Sports., may have rc:s'lfltcd in a more :icci:milt

representation of some injuries. (Table IV-Il). - ) s

£
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v Table IV-II: Summary of Reported Injuries

INJURY

TYPES - |
NUMBER AND FREQUENCY OF INJURIES

REPORTED ) : .

by by by
Athlete Frequency of Frequency of
Sports Event Body Parts
Participation Injured

(n=15) (N=90) (n=346) (n=328)
Blisters o 67 - 86 82
Abrasions . . 62 78 72
Muscle Strains' 47 53 56
Tendinitis ) 27 37 ‘ 29
Bursitis 14 17 14 .
“Muscle  Bruises 14 15 17
Lacerations 11 13
Bone Bruises 10 10
Pressure  Sores 8 7
Fractures 7 _7
Concussions 7 6
Inflammation 5 6
Lyes 4 4
Teeth 4 3
Dislocations 2 2

1. Spopté the Injuries Occurred In

The wheelchair sports associated with the least number of injuries were slalom,
riflery. and récq;lctball while basketball, track, and road racing rpported the greatest number
of sp}ﬂs injuries {Table IV-111). the number oI"injuries in each sport was calculated with
reference to the nﬁmbcr of athlcies parlicipaLing in that sp_ortsiev’em, a more accurate N
incidence of illhlf_\' rate per athlete was cstablished g('lfiéur_c':")i\_"ji).‘ While 12 sports recorded no

n
I

L ; & *
injuries at all, four sports events had more than one

-

i‘njgjry per athlete. These high injury
. incidence sports‘wcré " basketball (i.91). road racing {1‘.17’)_ 'ruéﬁy (1.14), and track (1.12).
Coincidentally, these four sports were also émong the 10 most popular wheelchair si@fs
(Table IV-1). Raxlkc;\t;_\\'grcaLCSI 1o least popularity the high participétioﬁ sports were: field,
track, basketball, and road racing. The relationship of high participation and high injury.

incidence in sports cvents was not tgue amongst all wheelchair sports. For example, although -

-

&
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field events were popular with as many as 149 athletes parli;ipaling, the incidence of injury
was only 0.19 injuries per participant (Figﬁré IV.Q). This low Iincidcncc of injury established
field events amongst the safest wheclchair sports evenls in chan of sponsb mnjury incidence,
However, when A plausible explagg{ion for the low incidence of injury ihil'icld Cvents may
have been related o the non-contact, in?jividual participation typical of [icld competition:
events. In additioq to the abundance of technical staff organizmg.lhc field events, lhc;'c Wils
sufficient ‘open space 10 ensure that boorly aimed throws did as little damage as possible.

In contrast to the low incidence of injury in ficld evengs and‘ils popularity, basketball
1s pérh&ps the sport with the greatest likclih:od of sports injury incidence. Less populiar than
field events, basketball boasted only 56 participants, vet ncarly cvery athlete w'zl;"@urcd
twice. Contrary fo {ield events, basketball is a contact tcam sﬁ'orl characterized by defensive
plays, blocking, picks, and the incvitable fouls, in an effort to score baskets and 1o pI'CVCllI‘
the opponents from scdfing (FIBA Federation International Basketball Association). The
nature of the gamé involves passing, throwing, bouncing, or dribbling the ball within the
established rules and regu]atiph-g_;_’ol' the sports There are many sources of injury mechanisms
in basketball including: pla.);ef‘ coll‘isions, wheelchair spills, mééhzmic;%l failure of the
wheelchair, and occasionally misdirectedﬁasketbal!é. Although both ficid and baskctball were

popular sports, the nature of each sports event partially determined the variety and extent of

wheelchair sports injuries that occurred in cach sports event. -«

2. Body Parts Injured

The 90 ath}etes recported a total frequency of 32¥ ihjurics)&o 25 different body parts.
Some of thc body f)arts were collapsed imc; one or two _catcgo‘ri s, The head and face calegory
comprised (sporls injuries Lo six body parts: the head, eye, car, mssc, lip, and teeth:
Expectedly, as the sample population was comprised of wheclchair athletes who primarily use
their upper bodies for activities, few lower body injuries were recorded (Figure l\’_..f), Thus it
was possible 1o collapse the scldom injured lower body parts into one category. his c:n'c;_'pr.y'f'

entitled, 'lower body', consisted of injuries to seven body parts: the thigh, knee, calf, foot,
‘ i



SN

§
A, .
Table 1V-IM: Wheelchair SE’O{LS Injury by Sports Event
/
SPORTS EVENTS # OF / : % OF
INJURIES INJURIES
REPORTED REPORTED
(n=18) ) (N=346)
Basketball 107 30.9%
Track 106- 30.6%
Road Racing 42 12.1%
Rugby 32 9.2%
Field Events 28 8.1% .
Tennis 17 4.9%
Weight Lifting 6 1.8%
Swimming 4 1.2%
Racquetball 2 0.6%
Riflery 1 & 0.3%
" Slalom 1 0.3%

REPORTED INJURIES PER PARTICIPANT

WHEELCHAIR SPORTS ASSOCIATED WITH MOST INJURIES

(h=346)

Y %,2

iy

ﬁ i ,i /’//,/4%%%‘%/2
A by o

i’
\N\\m\‘\g\y\_ﬂ’* V\ELD p\\,f\)“ \;1\\4 ‘gp\, ﬂ‘qﬂ\Smp&\(wc,g F\g\\i ‘B;\\,\'

INCIDENCE OF INJURY

Figure IV.2 Injury Incidence of High Participation Wheelchair Sports
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tocs, ankle, and hip. ‘

Ranked as most injured 1o least injured, thc”four body parts which most commonly
sustained injury throughout all wheelchair “sports were: hand (21.3%), shoulder (i6.2%)v
fingers (13.7%), and arm (11.6%) (Figure IV.3).‘A'part from these upper body injuries and
the injurics to the combined categories of lower body, head and face, both the elbow (6.7%),
and the wrist (4.6%) were also frequently injured. It is likely that the cohcemrau'on of upper
body sports injuries reported was due o L"hb ﬁ:ature 6f wheelchair sports, spec‘ifica]]y the i
biomechanics of wheelchair propulsionTe propel a wheelchair dcmands.the use of the ﬁpper
body. The demands plaCcd on these relatively small upber body parts by the contracting
muscle groups rcsu]ts in greal stress on the surrounding joint structures. It is therefore easxly
justificd that the high frequency of wheelchair sports injuries to the hand shouldcr fmgers
and arms, were not only acute soft tissuc injuries but also chronic or overuse injurie;(.

Of the 25 body parts injured, the least number of injuries occurred to the cervical
spine (0.9%) followed by the lumbar spine (1.5%)(Figure 1V.3). The.low frequency QI" neck”
;md back injuries is related to the characteristics of -competitive wheclchaifs and the typical
l}:pt‘s of irlgbact forces which caused whcclcha;r SPOTLS 'iﬁ-jury. In able-bodied athletes, injury
to the head, neck (cervical spine), or other part ofvthc spinc may be a result of hcad-dn |
(.O”l‘leIl\ in-able- bodxcd sports such as football or rugby (Havkins, 1986, p.111; Cantu 1986,
p. 75; Mucllcr and Blyth, 1986, p.139). I*rcq,ueml) the point of contact of a head -on collision
in able-bodied sports is the head. In contrast, 'head-on' collisions in wheelchair sports involve
two wheelchairs colliding. The initial point of contact is the wheelchair and then, secbndérily,
the athlete. Thus the force of impact is transmitted through the wheelchair frame, where a
large proportion of the cncrg.§ 18 absor-bcd, and then dispersed or dcflectéd. The energy
dispersed from the point of contact follows the body's long boncs,_which-‘ ihclu,deth‘c
ap'pcndagcs and the backbone or spine. Since the nAcck is located at quite a'disiance from the

original point of impact, neck injurics resulting from wheelchair collisions were unlikely. The

slatistics support this argument as 0.9% of sports-related neck injuries were reported.



OO

Although the cause of neck injuries may not have been due to wheelchair collisions,
!
athletes who tipped backwards and fcll’\‘wilh 0'{ out of their wheclchairs, may have accounted
Adk
for the few reported neck lﬂ_]llI’lCS In fallmgebackwards in a wheelchair the arms attempt to

R

break the fall, but often the first point of contagt made is the back of the head with the

El

fioor. In this type of injury, the neck may well’ “ﬁy)\t‘ shared the brunt of the impact forces.

The lumbar spine was also infrequently injurcdg, Tj-zips this low inctdence of lumbar spine

SPOTLS whcclchalrs

3. Types of Sports kjury'

°
i

Any injury is caused by either extrinsic or exteinal forces or by intrinsic or internal
forces, which become great enough to injure or to causc bodil_\' harm. Charactenstically, the
forces involved in sports cause sports injury to different body parts in a varicty of sports
events. The rules, and objectives of each sports event are unique. The differences in the
sports specific rules, objectives, equipment worn or used, and technique all influence the
’ types of sports injury which occur most frequently in cach sports cvent.

* This study did not collect data on the causcs.&' sygorts injury to wheelchair athletes.
As noted in the questionnaire (Appendix C) the data collected on cach injury type primarily
included infgfmation on the body parts injured and the sports cach"injury occurred in. The
rationale for not surveying the cause of injury was logical. First, the more expericnced
athletes had been actively involved in a varicty of wheclchair sports competitions at the
international and national levels for a number of years. It was difficult for many ol these
experienced athletes 1o accurately recount all of their sports injurics that occurred Lhr.ouphm'u
their entire wheelchair athletic.carecr. It would have been unlikely for them to also have
recalled the causes of injur,\". Seco‘ndly, injuries often have an insidious onsct. Finally,
exempling some acute injuries, many mechanisms of injury arc obscurce. The combination of
training. recreational participation, and athletic competition together with the varicty of

sports participation cloud the exact causes of sports injyry. Chronic or overusce injuries ocent

~
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as a result of increased stress over a period of time. "It takes a skil]ea, experienced, and
knowledgeable sports medical authority to record the complete medical history and deduce an
accurate explanation of injﬁry mechanism” (Portis, 1985, p.6).

The patterns or trends of7 4njury occurrence within »ecific sports e»é were often
explained by the particular technique characteristic of that sports event. The trends for both
the frequency of body parts injured, and the frequency of injuries by sports event
p.'lflvl'(_‘l‘pali()n were illustrated for cach of the six common injuries {Figures IV.5-1V.10).
Reasonable suggestions for the possible causes of injury were“discussed for each of the six
common sports injury types iﬁ wheelchair sports. . |

The distribution of the 15 injury types was reported as a percentage of the total
number of injuries sustained by the 90 wheelchair athlctes‘ in this study (n=289). The six
most common injuries were blisters (23.2%), abrasions (21.5%). muscle strains (16.3%),
tendinitis (9.3%), bursitis (4.8%). and muscle bruises (4.8%) (Figure 1V.4). These soft tissue
injurics damaged structures which included the skin, the underlying musculature, tendons, and
bursac. The primary cause of soft tissue disruption in wheelchair sports were extrinsic forces
such as the forces dnvolved in éollisions, decreased friction, or falling.

L

Although-3ot as common in wheelchair sports, injuries caused by intrinsic forces were

reported. Intrinsis, forces cause injury which results from a sudden imbalance in internal

forces often withizidhe musculotendinous complex. A combination of both intrinsic and

i
T

extrinsic forees in \'A"")';:;c‘lchair sports Tesults in overuse or chronic injuries. Repetitious
movcmcnl', such as lhé'f‘ required of the shoulder, elbow, and wrist joints i'n wheclchair
propulsion; was the common mechanism of overuse wheelchair sporis injuries. In wheelchair
sports, the stress of repetitive movements demanded in specific sports skill performance
results in bursitis and tendinitis injuries to the upper bodv joints. In wheelchair athletes, the
shoulder, etbow and wrist joims‘of the upper body were constantly performing repetitious
actions. For exampic; the wheeling motion, the throwing action in field events such és javciin,
and the freestyle stroke in swimmine demanded similar shoulder joint actions. Thus the

surrounding joint structures and musculature became stressed and weakened: a situation which
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MOST COMMON INJURIES IN WHEELCHAIR SPORTS
(n=15injury types) (=32 sports) |

‘ e
as a percent of total injuries (n=289)
V b3
\\\\
Blisters -

Laceration
3.8%

4.8%

Muscle Strains
16.3°%%

Figure IV.4 Most Common Injuries in Wheelchair Sports: asa percent of total injuries
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“predisposed the athlete to injury and if injured, led to chronic injury. » ‘ o

(i) Blisters

The most common $ports injury sustainéd by wheelchair athletes across .all disabilities
was blisters (‘21 .2%). Nearly all (91.4%) of the blisters reported occurred to the hands
(54, %‘)’.and fingers (36.6%). The remaining 8.6% of the blisters occurred to Lhreé other body
parls:%humb (6.0%), larm (1.2%), and lorearm (1.2%) (Figure IV.5). A common location of
blisters in able-bodicd athletes is across the extensor or palmar surfaces of the hand aqd
fingers (Cabrera and McCue, 1986, p.696). Similiarly, in wheelchair athletics, blisters
commonly were located on the index finger, thumb, and the heel of the hand's palmar
sirface. This pattern of blister occurrence in wheelchair athletics closely resembled the blister
pattern in able-bodicd baseball pitchers. It has been well documented in the literature that the
index finger and the thumb are b]istcrcd_ in fastballr énd breaking ball pitches (Cabrera and
McCuce, 1986, p.696). Excluding individual technidué, the hands in wheelchair propulsion'
especially the thumb and index fingers, were in contact with the wheelchair hand rims and/or
wheels. This continual hand rim contact in wheelchair propulsion yielded blisters which
developed from acute {rictional stresscs across the epidérmal layers of the ski.n covering the
thumbs, fingers, and palm of the hand.

Blisters frcqucr\ulyu were sustained by athletes who had participated in track (39.5%).
basketball (31.4%), road race (11.6%). and three other sports: rugby (8.2%), tennis (5.8%),
and field (3.5%) (Figure 1V.5). More than one quarter (25.6%) of all athletes developed
blisters through participation in more than one sports event. The cross&er of stress frcb>m‘ ;
similiar wheeling techniques in a variety of sportS likely increased the occurrence of blisters
throughout the sample population. The greatest frequency of blisters sustained by track and
basketball playcré was likely to be caused by the characteristic short, quick arm strokes used
in track sprints, and the powerful sloppingfgwgting, and agility moves typical ‘Qf wheelchair

Sy

basketball players. -

~
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To start the wheelchair in motion the thcte must ovcrcome inertia. The great deal of force
3
required to initiate momentum was oflen applied direc;ly to the wheels of the wheelchair

rather than the hand rim. The wheels, especially in cuidoor track events or road races werc
not only rough with tite traction grooves but often contained debris embedded in these

grooves. The use ¢ the o debris-filled rough tires for initial hand contact would have further
‘ :

contributed to the development of friction leading to worn out glovés and blister formation.
. - 7 . .
in stopping thec momentum of a wheelchair abruptly te avoid debris on the race course

surfacer 6 stop at the race finish, or to change directions of travel in basketball, athletes

ot

apply pressure or force Hircc‘lly to the wheels. The hands immediately contact the wheels and
- .
. Y o
serve as brake pads to ilop movement abruptly. The backward direction of force imparted to
. L0 >10p, :

the 'whccls by the hands occur simultancouslv with the absorption of deceleration energy of

Y

forward movement.» The dcchcrauon encrgy. both at the finish of a road race or track evem

B H

“and lhroughout basketball games is great. Thls cnergy waglbsorbed in track events and road

va

races lhrouwh the gloved hands of thcsc wheelchair athletes, and in basketbal by the plavers’

N o E] war

“bare h:inds (Platc IV.1). In co_mrast, al[hough'gloves wert commonly worn in track events

4

“and in road raccs, basketball players -preférrcd to use their bare hands. They claimed that the
ungloved hand gave them a greater 'Tecl' for the ball which was required for shooting
accu‘r;w:y (Grilfin and Minor, 1986). Without a glgve, ilqwa‘s likely- that more blisters wbuld

have hun slmanwd b\ basketball pla\ ers because: of the increased frxcuonal stresses applied

' 9
rilru.ll\ to the bare hand m. dccc]crauon

a

Flmc\ cr, even though baskelball pla\ers d1d not usm@ﬁves thc glovcd Lracl\ athleteS
< sl uporml a hwhu frcqlu.nu of bllqtcrs Ahhouah taped gloves were' worn in track events

and road races, bhw IS \ull muxrrcd amongst athlclcs ot all years of competitive wheeling

'
v

eaperience® ln fact, there was a 1(),r.- higher frequency of blisters reported in track cvents than

. Lo . - . o .

i bashetball, Father the track athletes” floves contributed to blister formation, or perhaps the
ﬁ : ! - : S ' .
weather snblugneed blister Yormation o track events.

Mot bbbl games are plased o ndoes courts without the mfluence of the
- ' .u A “ ‘ ’
%ﬁm: @v ok cvents grg semmoenis held outside under the influence of mn \armblt

L



,used smaller hand rims which allowed the hand, fingers and thumb to remain in constant %

and often unpredictable environment. On hot days, the track surface absorbs the heat of the

sun's rays. The subsequem rise in temperature of this surface gives of heat whichis perhaps

absorbed by the black wheclchairtires. When the athletes’ hands make contact with the tires,
energy in Lhc form of heat is transferred to the gloved hand This uwrp together with the

energy of f}iction from deceleration may speed up the wearing away both ¢ the lavers of
taped gfove and the underlying skin layers (Plate IV-¥). This perhaps explains why nearly

one-third of all track i'r_jj,uries,tand almost one quarter of all road racing injurics reported

-

were blisters (Appendix G:2, G:3).

Road racing reported only about one-third of the blisters which occurred in basketball

| .. A

or track (Fi’gu'rb IV-35). Ahthough the wheelchair stroke used in all three sports is simitiar,

~ there are differences in the length of handrim contact, and the frequency of stopping and

statring within each sports event. In the shorter distance track events, the athletes typically

s

contact with the hand rims (Hiégs. 1983. p. 230). The high speeds in sprinting were obtained

by the repetitive, short, swift propulsive strokes used. In contrast, few long distance marathon

- wheelies or road racers kept their hands in constant contact with the hand rims [or the entire

. . i

race. This accounted for the lower frequency of blisters rcportcd’ in road racing. The varied

terrain of uphllls flats and downhllls allowed wheelchair road racers to alter their h and grip.

IS

. Often on the dOWﬂhll] scctlogs of thc race, alhlctcs rested their arms forward on the front
caster(s) ' cross bar. The resi brcak for the gloved hands pcrhaps dllOWCd the "hot spov
an.nou;lcing the development of a blister, to cool down (Klafs and ‘Arnheim, 1955, p. 474).
Although taped gloves were worn in track events and road races, b.]istcrs seill occurred -

\

or lhe'eighteenuathlcles in the sample population"with less Lhan:LW()"yéars of

amongst athletes of “all years of competitive experience.

compcmlve cxperlcnce 50% suffered blisters, whxlc 76.3% of thosc 38 :nhlcl_cs ‘with two 10

four vears of compcmwc whelenair sports C\pencngc suffered blisters. The highest

’

pcrccmaee of blisters {85.3%) occurred to the 34 athletes with ereater than four yveur
6‘
C\pcncncc Of all thosc who devclopad bhstcrs Lhrough sports, <3.5% have gmm,r lh in 4 .

i

oy
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Plate I1V.1 thclchair.Spo‘rls,,Glov;’es..'
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years experience, 36.4% have 2-4 years cxperience, and 18.2% have less than two vears of
cometitive experience in sports. These statistics. suggested that blisters did not disappear from
an expericnced athlete's career. With an increase jaii'thc number of compclilivc vears, there
was an exponential increase in the occurrence of blisters to these athletes. Perhaps this was
because blisters are extremely common in athletes who require significant repetive use ol

their hands" (Cabrera and McCuc, 198¢, p.697).

(i) Abrasions - N ’
Abrasions are common conditions in which the epidermal and dermal skin lavers are

worn away by scraping against a rough surface (Klaf's and Arnhcim, ‘1‘)85_‘ p.ZS()).’ In
wheelchair sports, the possible sources of the rough s:urfaccs wliich caused abrasions included:
the tcrraih. the whéelchair wheels (espécially if L.hcy. carried dirt and forcign materials), '
wheelchair brake levers, arm push handles, spokes, and other rough edges of the wheelchair
frame. The mechanisms of injury resulting in abraded skin were falls to the ground, collisions
with opponents’ wheelchairs, or contact with the wheelchair frame.

| The body. parts most I'rcqucmliv abraded included the arm (30.6% ,”hand (30.6%),
» ghcr b\odyi parls that .su'f’f'crcd Iabrasions

v | A
wshoulder (4.2%), forecarm (2.8%) and

i B
thoracic spine (2.8%) (Figure IV.6). ThLe{”hlghF}D'equcnc,\' of-abraded arms was largely

attributed to the cambered wheels of the individually designed track chairs. The wheels of

these chairs are slanted outwards creating a greatér base of support. The cambér together with

¢

the smialler hand rim size, and the fit of the wheelchair, helped the track wheelchair athiere 10
keep all theif wheelchair wheels in contact with the track surface at all times (Plate 1V.2).
Often the centrifugal fortes at-the'tight corners of tracks or around cornérs in road vaces,

caused. the athletes to tip onto the inside wheels of their swiftly moving wheclchairs. The

greater base of support provided by the cambered wheels was thought 1o have combirtted These,
_ & : .

forces and kept the wheelchairs upright as the athletes mancuvered their ‘wheclchairs around
corners ai,high 'spclé‘gis.jhé iz ~nt effect of the cambered aislhégls wAs abradcd skin of these
. , e lar. o v . B . - i . EE N
.‘."\ . ' R - - §

ok
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track athletes, where the wheels touched the inside chest wall and the inside of the arms.

. Abrasions comprised 17.9% of the total injuries sustained by ficld athletes (Appendis
G:35). Perhaps quadriplegics accounted for a proportion of the arm abrasions. The
quadriplegics' lack of* good motor control or balance forced these athletes to use their ;.mn
push handles for support in the throwing events. T&picall_v. these athletes gripped around the
wheelchair push handle with the inside of the elbow of their non-throwing-arm. This position
allowed the quadriplegics a greater range of motion in the cocking phase of throwing,
s'lvjpported their body position throughout the release ph;sc and [inally, absorbed the I'nrcv.\ ol
the deceleration phase:of the throwing motion. The resultant exposure of the inside of the
‘\e],‘bow to the rough vsurface of the arm ‘push’ handle caused abrasions to the arms of the .«

-

athcles It should be n'"c{g 7‘. the usc of these push handles for support was probably nol
e, g D

xsolatcd 1o fleld cven‘

pull the quadrlplcglc s e 'ack in the chair when they slld Iorward
. P S :
One of the ma}pr mechamsms of hand abrasions in wheclchair xportx was [alls. Many

o -
of the. WhCClCh&lI’ athletes strappcd thcxr lcgs int. their chair lo«fBtrain Lhc' ’

" tremor.or movement. The® a-thlctc and the wheelchair thus become one unit. §
lzelr only means o break their fall was their outstretched arm an(l hand. Thc resultant
meeting of Phe racing surface abraded the hands.

The WIlSl ranked thrd in frcqucncy o[ abrasions (}-mgrc IV.6). Pérhaps- this relatively

high freq,uency of wrist. abrasmns was' unique to the quadrxplqﬁ;t alhlc[c Their Luhmquc of

wheelchair propulsipn involved the apphcauon of force to the h‘and'rlms and wheels by the

r

vcmra’l"aspcct Qf the wrist and hand. This popular "back-handed’ Lcc'hniquuwas‘ cflective for

“the quadrlplemc because it used W{m shou]dcr* and forearm, musclcs Whth th High l(vd \

@

: P
"quadrqplcglcxﬂﬁ?d undcr vol.umarv control (Ak\andcr MJI ]983 p ]) At th point 01

BN
contact of the wrist with the wheel and handrim, the glove and often the underlving skin arc

worn away.'This study’ found a high f’rcqucncv of left arm and right wrist abrasions in all

track alhlctes Thls mJur\ paucrn corrclalcd d]rcu]\ with the aonnmnts made by ( ulm Hmv-~ :

- (1983). Higgs, a Canadlgn bxo‘mcchamsl. has s_luchd whcclchaxrnpmmlwm ::!1(,‘,\,\;. heek hn
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slrgkc technigue. He reported that the inside arms (left) on the track resisted the movement
around a track corner, Whi]é the outer arms (right) assisted the athletes' forward momentum

“in a clockwise direction (j{ihggsq 1983, p. 232). AnQLch rationale for this pattern of wrist-

- abrasions is the mcth‘odi;uadlriplcgics use to transfer into and out. of their wheelchairs.
lacking wrist flexion, quadriplegics transfer by supporting iheir body weight on {I;e 4amerior
.s‘;lri'alcc of lhur WIIStS.

Pcrhaps the wheelchair propulsion lechnlquc used on the track e\plamed the injury
pattern of the wrist, hand, and arm abrasions in this sLucliy. As the track athletes increased the
I'orca: npplicatioxj of A)thcir right wrist and arm, two objectives .were achicved. First, the chajr
was directed in a counter clockwise direction alnd second, the reduction in speed was minimal.
Concommitam]y, the resistance of the inside arm caused the wheelchair track athletes to alter

) . tn
their body position. As the outside wrist and hand moved dowhward and forward on the righl
hand rim, the inside arm probably applicd a backwards force on the inside handrim and

~wheel. The resultant rotated body position caused a higher frequency of right wrist, right ~

hand, and left arm abrasions.

Approximatcly two-thirds of those who suffered abrasions compcted cither in tréck
(33.3%) or basketball (29.5%); 12.8% competed in road racing, and 9% in wheelchair rugb»
Thé four other sports where abrasions were susLamcd included: {ield (6. 4%) tennis (6.4%),
.ruquctball (1. 3%) and swimming (1,3%). Twenly -one perccm or 19 persons out ol" the stud\
had abrasions in more than one sporl (hgure I'\’ 6).

Thc road racer, who auamcd great speeds whcelma downhills on the race courses,
,oh.cn considered themselves lucky 1o have whcclcd away from a spill with 'onl_\" abrla‘sjons,
iéslc_ad of broken boncé or other'more serious irjjurics. Wheclchair alhlcl‘CS'hé{?ig clocked .
‘spccds' ON TACC COUTSCS N CACESS bf‘ 33 mph (‘lc_rrcui ahnd Vin’cc,;il%('»). The abr;xsidns'sgsthinc‘d
at-such high speeds would be similiar to the “road r;ishé.\' (abrasions)wcomm@n 10 éblg-quicd o

~

avelists who have crashed.

3 &

v i~

1

tn ba‘.\‘ktlbﬁ.‘a! and rugby, hands and Wrists coud have been abraded in .\f.':;l.n’x't)!mlﬁ for -

foosy bl The hunmds mas duive neen abraddd on any tough part bfothe E\Lh v frame,

-
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" bolts, unrovcred spokes; or on t}re brake lcvqr.v ln»rugb_\' the whcclcharr is often equipped bmvh
| with anii-tip wheels and with brake levers for safety purposes. The ha’hd.lcs or levers of the »
'braking device are often long metal exlcnsions localéd at th"c‘t'ron‘t of lhb thcclch;\‘ir,lo Qimb\v
the quadriplegic athlete, who Iacks fm;:cr flmors o grip La\l]\’ Othc alhicux m.n have
abraded their hands on wheelcharr brake levers in rugb\ g"rmcs or OLLdSlOl]dH\ on baxkc’lh.nll
wheelchalrs Other sources of hand abras ons-in rugb\ pla\cr\ is the lllbb\ ball. Although 1hc:
ball does not have rough surfacc the nature of lhc game and 1hc poor innervation ol the
quadrlplcgrcs hand and fingers, drctalc the tcchmque frequently used to pass the rughy hall,
The athictes bat the ball much like an undcrhandcd serve in vollevball. The conlimml beating
on th samp ha'nd- surfacc area wcars away the skin. This skin in poorly inncrvated arcas is
often slack, somelimeé' lacks goocr sensation, and thus is more susceptible 10 zrlurzxsi(rnr
(Cabrera and McCue, 1986 p.696). Cabrera (1986) stated that "wheclchair athletes r(;L]Llil’L‘
gloves o prevem mJury to insensitive areas. oI their hands" (Cabrera and McCue, 1980,
p.696). Although many of the quadnplchc road Taccrs worc glovcs few rugby players had
adopted gloves as part of therr gamc uniform, Pcrhaps their rauonalc was much the same as
the basketball players Who were concerned about losing the leel” of the ball if they wore
glovf:s.

; It

The experienced group of athletes, with more than four years c,\pcricncc_ had the
hlghcst percentage of abrasions. Approxxmalclv 80% of the 34 alhloycs m&h; sample
population with 4 years. compctmvc experience sustaincd abrdslons’& {’crhdpx the more

cxpcrrcnccd athletes sustained more dbraslons bchusc they were mare hknl\ 1o take nsks

Bascd on, lhur chmcndom skill dnd knowledge of sports, LhC\ pcrl aps hdd ,1ln ady discorvered

L} £

_therr own himitations, and willingly challenged themse. s In baskeut nH o1 crample, the moge
experienced athletes perhaps reached further forthe basketbutl when defending then

v

opponents, réached their armg higher to block the shot, @ pass, an Ean alb Gisen rivhed!

trmng, failime of otherwise abr 'dr iy rn msclves e othe pan
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(iii) Muscular Strains

Muscle strains, the most widespread injury, occurred to 11 different body parts of
athletes who parlicipa_ted in nine diffcfcm sports ev‘ems; Most often a muscular strain is
produced by an abnormal muscula; contractioh. There are three main mecharﬁsms of
.muscular strains: 1) sudden ovcrstretchiﬁg, 2) 1epetitive stress and 3) tortional stress or
abnormal muscle comracu’ons. In able-bodieg athictes the highést incidence of muscle strains
occurred to the hamstrmgs gastrocnemius, quadrlceps and hip flcxors with few upper body
muscle strains (}\lafs and Arnhelm 1985, p. 251) In wheelchalr sporLs approxxmate]y haif of
the muscle SL’rain~s occurred to the shoulders (44.6%), and 14;3_.?0 to the arms (Figure IV.7).
The rationale for Lhc high frcqvucncy' Qf'shQuldcr musclé strains Was the grcat’ demand the

biomechanics of wheelchair movement placed on the upper body musculature. Tégg tremendous

 stress to the shoulder joint ahg surrounding musculature was a result of the com@%ﬁon of:
% ph_vsic;logically more strenous synchronous arm movement used in wheelchair ﬁfi}pulsion,
the biom.cchanicall_v greater sircnglh -demands required of fulfiliing all actions from the seated
position, and the use of the same body parts to_have'carried out both daily activities and
wheelchair sports skills.

The widespread occurrence of muscle strains was coupled with the eduglity of strains : )
suffered by cach shoulder. Muscle strains were sustain‘cd"equally to the left and right

~

shoulders. The synchronous arm action in wheelchair propulsion involved muscle action

bilaterally . ’H' the power of one arm w:;s dominant, the whcclcﬁair would have followcd a
crooked, energy waslc!ul path. Pcrhap\ the Lqualm of &%nchronoux bilateral arm- musclc
contragtions wheelohair propulsion accounted im l-hL nkuur\ pattern of bxlalcml shouldﬂ ‘
Ainsdle strams.

o numerous sports muscle strains occurred in, shmomd the prevalent scient nficalhy
rased opothess that wheeichatr ,x;‘n ~ were demanding for the apper bady of wheelchar

EACEEN
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(7.5%), rugby (5.7%), swimming (3.8%), tennis (3.8%), and riflery (1.8%). Twenty percent
(20%) or 11 of the 44 athletes with muscle $trains, sustained strains in more than one sport
(Figure IV.7). §

Track cvents and road racing together accounted for nearly half (46.8%) of the

muscle strains. These sports events relied on the fastest time achieved over the distance raced

1

as the determining criteria for the finishers' rankings. Thus, both in training and competition

road racers and track athletes, especially sprinters, pushed themselves to their maximum. To

have achieved the speed necessary Lo overcome iner{fa at the start of a race, to have sped past

an opponcnt in a race, or to have crossed the finish linc just ahead of an opponent, were all

situations which demanded forceful muscular contractions often coupled with excessive stretch

(Crowe, Auxter and Pyfer, 1981), When these same muscle tissues were Tepetitively
()\'crstrclclxcd, the resuliant chronic infla.mmatio'n predisposed them to chronic muscle strain
(Klafs and Arnheim, 1985, p.251).

Both road racing and rugby accounted for fewer muscle stfains than field events.
Close 1o 30% of all field event injuries were muscle strains (28.5%) (Appendix G:5). This,
high {requency of muscle strains in fielc.i events,could have been directly related to the

torsional stress and abnormal movement characteristics of this sports event. Naturally,

[N

~ wheelchair athletes competed in only the throwing events of shotput, discug, javelin (club

throw for quadriplegics). These throwing ficld events were the same as able-bodied field
;

events with the exclusion of hammer throw. Their limited or lack of function in the lower

Jimbs of wheelchair athletes exempted them from the jumping events of pole vault, high

jump. long jump and triple jump. The mechanism of throwing'in ficld events,-and shooting

v

mi. Also, the overhesd or side arm motion used in ficld throwing events was an atypical

vement, boew afivities of Jaify bying fnvoked the throwing action on a regular basis. In
. N . -
$ -

Fovie cal shouhdor fanctien necessery ihroughout the savehns throw invohved considerably

( l ° .
oot than o recured E\__'.}r'::-e.:':\ Gapivoacnvaios OMatsen i Pranheband Nordn

.10 basketball could have produced either overstretching or tortional stress to the soflt tissues of |

C thernpper body . Tre focal point of the stress in throwing: passing, shooting was the shoulder



1980, p. 226).

2 To achieve full shoulder rotation in throwing, athletes must attempt to obtain the

greatest e;\:vtc-rf_x_al rotation possible at the shoulder joint. However, unlike able-bodied athletes,

wheclchair athlclés, cannot rotate their bodies simply by repositioning their feet. Rather

‘wheelchair athletes, lacking lower limb function, must obtain maximum shoulder exiernal

. Totation by placement of their upper bodies in a position of great torsion. For example, 1o

L:szr'oy.v a javelin or put a shot a long distance, the wheelchair athlcic rotated at the trunk,
supported themselves in lhf;ir stationary wheelchair with their non-throwing arm, and
maiimally extended 1hcif thf&wing arm. This position allowed t.hé arms to impart maximal
force‘and velocity to the object. Without the use of the lower limbs, wheelchair athletes
accomplished the wind-up phase, acceleration or‘rclcasc phase, and lhc‘ follow -through (;l' the
throw with only their arms. The resulte&;pt microtrauma of this concentrated effort ol the ;irm.x

gt
EaS

together with the repetition of the Lhrd‘ii_ﬁng action, straincd the musculature of the shoulder
complex. K e
Coupled with the great biomechaltical stress of the throwing from a scated position
e :

without the use of the lower limbs, two other-factors influence the occurrence of shoulder

. B
(R

muscle strains in wheelchair field athletes. First the afm muscles may have been poorly
warmed-up for the throwing action and sccond, quadriplegics often haycﬂ;cﬁ Eperature
regulation disorders, Scveral rescarchers and specialists in sports injury prevention have

advocated that

in ficld cvents, sweat clothing should be worn for warm-up and repliced
immediately following a competitive effort. If rather long,periods of time
clapse between trials or events, the performer should use light warm-up
procedures during the intervals. Furthermore, on cool davs, warm-up
should be increasedl in duration

(Klafs and Arnheim, 1985, p.30%) I has also been well rescarched that muscies that had been
f £ o i

warmed-up prior to activity worked more efficienty, and thar cold musdes predisposed 5

rerformer 1o injury . "Care must be taken 1o warn-up properh to prevent musdde tear o

strans, and o raise nouscde and deep body tempeoitures 1o their maoss elvecine level T b



.

and Arnheim, 1985, p.11§).

Unfortunately, the warm-up routines availabic to wheelchair athletes often involve’
wheeling. Seldom were the wheeling surfacés that were nearby ficld events suitable terrain for
wheclchair travel, ar’d if there was a track or s'uftablc surface ncarby', rarely was it available.
Many track and field mects scheduled track evcnlts.ar}d: field cvents simultaneously. Thus as .

the inner ficld was in use, glhlclcs were racing on the surrounding track. As a result, not only
did thesc.athlete ol'lcp lack the opp;)rtunity for an extensive warm-up, but the;\; I'requemly'
cndurcd long periods of waiting between class competition throws.

It is not uncommon for the high level spinal cord injured athlete or quadriplegic to
have poor body temperature ,:f:c:gulation (Appendiﬁ H). This interesting factor had significance
with regards 1o the frequency of muscle strains in [icld athletes because four out of the eight
or 50% of the muscle strained field athletes were quadriplegics. The lack of a functioning
lcmpc‘raturc regulation system in this:'/class of athlctes caused thém 1o be extremely sensitive to

. slight alterations in wind or air temperature (,!i&ppendix H).
N -
Similiar to wheclchair field events, wh(;,clchair basketball involves throwing an object
Jrom the scated position. To score, "the basketball has to fol]giv the correct trajectory to the
baskes» Tlrussdre ¥asketball playeris most concerned with the accuracy of the shot rather than
distance alone. Unlike field L'hrows, the basketball shot docs ;nol fequirc the degrec of

torsional stress of the wheelchair athletes' upper bQdy. In contrast, the occurrénce of muscle
~ : : ]
<k )

strains in wheelchair basketball is influcnced by the plavers' scated stature.

Although the rules fof both the basket height and the ba;kclball dimensions of
circumference and weight are the same in able-bodied and wheelchair basketball, there is
draslic difference in plaver hcigm: The wheelchair athlete’s averape sitting heightois
;mpﬂmrnalcly two-thirds of the average human standing hewght. The lower hoght of

U ahe hashoerg Yoo

IRPI]

wheetchair basketball plaversancreases the distance the 3 omuow spay
(1984 i o stady comparing the set shot of wheelchar Baskethsil plavers an ) wand

'm;kvl'ml‘: clavers Tound that wheelchary naskothnl sinors ponvnaicd sroaier o

TN

G

)



K

in order to pgopel tpe ball towards the rim (Higger, 1984). Thus by allc'ring 01'11)‘ the height of
the shooter, wheelchair basketball hasrbccomc more demanding. ’

In able-bodied basketball players, the legs initiated the force of the shodting motion,
transferred the weight to the shooting arm, and fully absoroed the deceleration mm\g;’ The
powerful lower limbs were well suited to tﬁis Lransfg.r and absorption ol great forces, Thus in

‘\“)he taller able'-bodied athlete, not only did b'askclball shooting require less effort, but the
" lower limbs were an availal;lc source of power. In contrast, the whcclch;;'i‘ir athlete had 1o
“generate enough force from the upper body to shoot the basketball a great distance 1o the
basket. All phases of the shot Were initiated and controlled by_lhc upper body. The shoulder
joint and surrounding musclss became the focal poi?t of the muscle forces generated 1o shoot,

~

™ v . . P
pass, or dribble the baskettfadl. Thus the arms and shoulders were predisposed to muscle sirain

in wheelchair basketball plafers. _
. O
In addition to the strain of the shoulders muscles whigh imparted the forceNo the
basketball, basketball plavers spent a lot of game&timc on the floor. often the plaver ;pillul

out of their. wheelchair as a result of : colliding with another opponcent, losing control, or loss

" -of balance ks for ex mple, an overzealous defensive play. Muscle strains may have occured

e attempted to right themselves and their chair afier a fall or 1o
i SR ‘
R tea™were tipping. The source of injury mechanism for muscle

-,

% #v-from wheelchair spills. Whether the fall was eaused by

hair, or from loss of balance, a fall in a congested race could

iﬂ_Up,lc wheelchair collisions led tp more serious injuries such as
- .‘ ‘ J‘ //
C11SSIONS. ' =

CAppronimedehy 60% of the 34 athletes in the sample populaﬁ@pxwilh greater than foun
‘ ~

: ( T~
vears competitive eaperience, sulfered muscle strains |, Those athletes who had competed fos

i

tesfo fous vears, o fess than two years, Sustained muscle strains inless than S0% of the -«

coekr s This the relatonship of mansde strains and competitive expericncee iHustratedsin eqiial

<y

Corraen of mhont S07 08 athictes who sastained strains regardiess of their compenitive

. o
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'.spccialist. they may sound similar to the lay-person or hithlete.
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(n) Tendmms - . ~ oo
Both tendinitis and bursitis arc OVCTUSC Lype injurics. An overuse mun\ 1\ om w huh
. - T T

’
has occurred over time through repetitive movements oI the same muxdc groups 1t should be

notéd that the dislinc)ion between the terms tendinitis and bhrsixis may be more apparent than

real. First, there is a differential diagnosis of similar injurics presented to different doctors
. ’ o . . . . . . L.

and second, although these two inflammitory conditions arc important diagnostic: labels o a

'3
Only four bod‘_v parts frequently sustained tendinitis injuries, compared to the T berdy

)

pajts which sustamcd musclc strams. These tendinitis injuries erorlull\ occurred to \huuldus

‘(/é 3%) elbows (27.9%), wrists (70 %) ahd thumbs (3.4%) (Figure 1V-¥). Th( high

frcqucncy of injury to Lhc}se upper body parts was accounted for by the general stress

imparted to-the shoulder, wrist and. thumb joints by the general characteristics of the
. . . \\ . K
wheelchair stroke. As mentioned therc is tremendous stress to the smaller upper body muscles

r
to wheef a wheclcHair. h 1y pereent of the athletes were OLCHSIOHG”\ plagued by tendinits

injuries 1o Lﬁ/shouldcr clbow and/or wnst whllc tcndmms injuries occurred only once in

20% of th samplc Thc chance of tendinitis affecting both clbows or bmh shoulders was 4()'/(,
Tendinitis occurred mosl often m only one wrist (20% ) dnd cqually in both sh(midus
SN
(}

Wheelchalr baskctball playcrs suﬁcrcd 24% of all the tendinitis mJuncs an this smvu

while track athletes topped them with nearly 30% (‘29 7%). The remainiag tendinitis injuries

(22.3%), were distribulcd_ over six different sports including rughy whosce players suffered

% (Figure IV.8). Ten (10) persons, or onc third of the athletes with tendinitis injurics,
sus‘tainéd\tcndiniti_s'in more than one sport:

In able-bodied sports, clbow tendinitis occurred p'imarily to athletes involved in

‘racquel sports or throwing sports such as bascball_ (Klaf's and Arnheim, 1985, p. 200).

¥

Furthermore, acute elbow tendinitis ofien beeame 'a chronic condition in athletes who'

-
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repeatedly executed forearm pronation and supination movements. Such . forcarm rotation is

commaon in tennis, javelin throwing, soflbéll pilching, and thg wheelchair stroke.
Severq stress in wheelchair athletes' joints was causcd by the constant, repetitive and
violent ;Lbrsion and extension movements typi'éél of wpcclchair activ’ilic-s. One of the spccil‘ic
~ sources of tendinitis in wheelchair athletes wa; poor technique. Their technique is influenced
"by both their body positioniné, prior (o the exccution of a skill, and the amount of ‘weight

« transferred. Lacking movement control ol their lower limbs, the upper body of wheelchuir

N

athletes had to serve both as the power source for movement, and as the iritial link of" the
kinetic chain of motion. . K

The upper body is a comparably weak power source because it lacks the muscle size
and bony leverage of ‘the legs. The biomechanically corrccrpdsilioning of the arm and

o

shoulder in a wheclchair, prior 1o the release of an object in throwing, rior to thic striking of

a ball m racquet sports, or prior to the release of the basketball is difficult to obtain without
. - " .

the abiﬂ!ity to influence the upper body‘posilion by adji_lstir_lg the lower body. As a result,

v T \ v

wh’eelcha;if athletes who.used poor technique' n praéticing or performing their sport skills
increased the s-tress to their 'clbow joints. The whcclchéir propulsion stroke pcjrhaps was the
major source of shoulder ten,dini'tis'whilc poor technique was possibly the mbisl comm(.m cause
for elbow tendinitis in wheelchair sports especially racquet sports,, throwing cycnls_..hnd'

shooting.

The kinetic link for wheelchair propulsion begins with the shoulder a‘hd ends with the
thumb imparting energy and absorbing energy from the wheelchair hand _rim‘. Mare
specifically, thumb lendipitis OT lenosynovitis (iﬁﬂammation of blhc sheath §11rroundin’g 4

tendon) common]y oceurs in spbrts which require a great deal of wrist action (Klafsand )
. . ) 7
t = . . .,,‘-
Arnheim, 1985, p.756). The thumb and wrist followed a circular path on the wheelchair hand
rims. The irritation Lhc‘wrist joint and thumb were subjected 1o in wheeling may have bcco_mC

N N

50 seyere that chronic inflammation resulted.

y'b

.
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(v) Muscle Bruises

| A muscle bruise or comusiori is a soft tissue injury inflicted upon the siqin arid
underlying musculature by an outside force. In wheelchair sports muscle bruising occurred
frequently to participants in baskctball (66.7%), track (13.3%), and three other sports: .road \
race (6.7%), rugby (6.7%), 'arid vracquetball (6.7%). Eight body parts sustained muscie ' ‘.
bruising: arms (29.5%), sheuldcrs (17.6%). and legs (17.6%) (Figure 1V.9). It was alarming
: E)ial such a high pereentage of legs were bruised 'in wheelchair sports; activities in which the
athletes uscd their upper bodies i‘or movemem and skill execution. However the popularity of
wheclchair basketball may have accounled for this statisu[Throughout basketbali games the
plavcrx cither through loss of balance, or collmons wuh their opponents, fell onto the floor.
Many of these players used straps to keep their legs onto their wheelchair foot rests, thiis
when lhey fell, the wheelchair.and the aithlcte landed together as a unit. The legs were often
the first body part of the 'unit’ to make contact with the floor. .

Tiicre were substantially fewer muscle bruises recorded by track athletes possibly

bcc:iusc track is a non-contact individual sport. Although there are track team everits, there is
ii0l ‘dci'ensive lactics which involve collisiohs within the gai\'ne plan of track atliletes. The spills
t‘hal‘did occur in track were possibly caused by rriechanic;il failure of the wheelchair, flat tires,
or forcing anothet compelitor off_ the track at the curve. Flat tires wefe caused from debris
such as sharp glass, rocks or metal objects left on the race course surf’ace Although bicyclists
dlso race on pncumaLic urcs they may have avmded debris on a race course because they were
c1pablc of swiftly turning their wheels sxdewavs It was%nhkely that wheelchair athletes were
able to avoid the dcbris because not only were they moving q\uxckly. but they were not able to
manocuveur their wheelchairs sideways. Attempts by athletes to avoid interference in their
path of travel by quickly swerving their wheelchairs to elter their course were ofte’n
dmslrous ln tr\mg 10 regam their balance from havmig tipped onio one wheel wheelchair

lrad\ alhlc {es who fcl{ \»ouid li}\elv have begun a muluple collision. Wheelchair athletes who

fell or were involved in a race collision and suffered muscle bruises, probably considered
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themselves lucky to have wheeled away without more serious injuries. '

&

¥

(vi) Bursitis y

Bursitis, the other overuse injury reported by the wheelchair athletes, occurred less
l'rcquc»nl]‘\y "(4.8%) than tendinitis. Simijliar to .Lc‘nbdinitis, bursitis injuries most frequently _,
occurred 1o f'éw body parts. The shoulders ~{¢6)43%) accounted for almost two-thirds of all
bursitis injurics, while the remaining one third of‘ bursitis injuries reported, occurred to the
clbows (28.6%). and the fingers¥(7.1%) (Figure IV.10).

/ “The bursac in the hand surround the tendons and Lhcréfore are known as tubular
bursac or synovial shcalhsv(Basmajian, 1976, p.120). Thﬁs finge‘r bursitis is commonly .
referred Lo as a synovitis_ or-in{"lémmalion of the 'synlovi,al shea‘tl{. "fhe hand grip iq whec.lchaif
propulsion invoh./cd contact with the hand rim made primarily by the index finger and thumb.
Alt'hough several athletes, eslpccially road ra.cers, reinforced their gloves with tape, the wheels'
constant irritation led to local inflammation. The continual finger 'jéimdnf_lammation led to
chronic strain. ;!"hc wheelchair rac.‘crs who generously relirii;orced their gloves concentrated on
thickening the tape lavers surrounding the thumbs and the index. fingérs (Platg IV.1l). These.
athletes Lapc’d their joints in the position comfortable for wheeling, This position was possibly
very closc to the natural rciaxc;d ;‘mglc of the joints in the hand.

In the Lech'niqu'e uscd by racers except quadriplegicé, the taping limited the available
rah.'gc of motion at thc;‘ distal intcrphalanédal (DIP) and progmai imerphalangcél (PIP) joints
“of the index fihgcr, and Lhé DIP joint of the thu‘rinb.v Although little was ﬁiemioned of the
forces these joints were normally subjected to in wheelchair propulsion st;ildies,’ perhaps
taping altered the pattern of energy absorption. Pefhaps the brunt 'o;f the ;fofiéés of wheelchair
road racers' tape-reinforced gloved indci fingers and ihu_mbs were cor;ceAtratcd at the MCP

-

~ joint. Further medical-studies which discuss the distribution and absorption of forces in the

fingers and hand of wheelchair road racers arc needed (0 verify this hypothesis of

v

glove-induced force concentration at-the MCP joint in the “ingers of these athletes.

i
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The many bursae aro.una the shoulder joint are easily subjected to traumatization by
the deltoid muscle. This rclaﬁively superfieial muscle defines the shoulder cap. The a_'nterior‘
deltoid muscle Logethcr with the pecl_oralis, triceps and wrist rpusculaturc transferred force-to
the wheelchair push'rims to initiate the wheelchair stroke (Byrnes, 1983, p. 55). As the

deltoid muscle contracted during wheelchair propulsion, the deeply seated subdeltoid bursa

may have been forced -against the bony acrciaial sielf (Klafs and Arnhc}lm, 1985, p.260).

a

Subsequently, the posterior portion of this deltoid muscle contracted during the: recov'er_v
{‘phase of the/wheclchair stroke (Byrnes, 1983, p. 55). The underlying bursa, irritated by the
delioid muscle over-produced synovial fluid. Once 'Lhis fluid increases within the bursa“sac,
the proecss lcadmg 1o bursnus is self -perpetuating. The mcreased amount of fluid lead®to
more {ension wnl‘rm thesac, and mcreased tension from the overlymg tendons. ln able-bodied
sports, shouldcr bursmﬁshq‘lrect result of overuse in more than 95% of shoulder irritation
(Southmayd, 1981, p 120). 'Wheelies' frequently use their arfﬁs\fqr. prolonged periods to
propel their wheelchairs duriné both sports abnd daily activities (Em\mes, 1977). This
‘repitilious éhouldcr movemept could be a souf,ce of shoulder irritatipn, and thus would
éccoum for the high frequency of wheelchair Valhleles with shvoulder bursitis (McCormack,
1%4 p.19). | |
Elbow bursitis in wheelchair athches is a resultk of Lraumauzauon of thec olecranon
bursa by»direcl blows, or falls or projecting objects (Klafs and Arnheim, 1985, p.710). The
clbow burse was {requently injpred in wheelchair sports because its' superficial location made
it prone 10.’ix'1j‘urly. | |
-Baskel‘f)all (35.3%), track (23.5%), 1oad race (‘17.6%), field (11.8%), rugby (5.9%),
and wmght hfumz 15 .9%) were the sports in which bursitis injuries occurred (Flgure 1V.11),
“ Bursmx mumex accoumed for seven percent (7%) of all the injuries reported in field events

or in rmd racing (Appendl\ G:3). The throwmg action of field events placed maximum stress

upon Lhc clbow and the shoulder (Cabrera and McCue, 1986, p. 68]) In Lhe seated posture

. thc_use_of the legs to transf er’w‘e.l\gpt_;arxd momemum is eliminated. The upper body»m_ust
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- -

initiate Lhé forces to culminate in a throw, and absorb the cn&g_x al the release of the object .
In addition to the demands associated with throwing while seélcq, disabled athletes may lack
complete innervation of forearm musculature. An imbalance of .amagonisl and agonist muscle
movers surrounding any joint can readily become a weak link. Continued development
through constant usc of either wrist flexors or extensors could result in ifritation at the ctbow -
joint flexor/ extensor insertions. Swellipg, or conALinu'cd .irrilation' to the clbow joint s.cvcrcl_\'
curtails wheelchair athletes' mobility. Although bursitis is primarily an 6vcrusc injur_v,i;@_t‘{lc ]
bursitis of the e']ubow' occurs. The vulncrabillily of the bony olectanon prmﬁincncc ;ﬁd s o
undcylying‘, protective bursa to in‘jur.y from falls or colisions is great. The subsequent swelling
to the elbow joint limits ihe complete range of movement at the clbow. To prevent elbow
joint irritation, and subsequent inflammation, resulting from continued wheelchair

. + :
propulsion, daily exercises for flexibility and balanced strengthening should become habit. In
other sports, where collision inj_urics ,are.commbn, protective paddiﬁg should be ‘wé)rn around
the clbow joint. Attention to good Lechniquc,\a modera{é degrc; of' wheel camber, variable

training terrain, and pre-activity warm-up and stretching is important for the prevention of

upper limb injuries which often threaten to curtail elite wheclchair athletes' carcers. -

-

Rare Injuries in Wheelchair Sports

The mbst rare types of injuries were: eye injuries (1.4%). dental injuries (1.4%). and
dislocations (0.7%). The first t\ilvo injuries were reported withiﬁ Lhc‘ larger category of "head
and facc'(6.3%)(Figur§ 1V.3). Eye injurics to able-bodied aghlctes result from damage
inflicted by missiles such as squash balls, tennis balls, or racquetballs travé]ling at high speceds
(Eastérbrqok, 1.987, p.180). It was doubtful whether the high spCcds of ball travel, gcncr::lcd
by the forceﬁﬂ; §wings characteristic of able-bodied racquet sporls' piayc.rs, were cqudllcd by
whe_clchhir racquf:l sports' players. Such}rcat forces imparted to a ball in able-bodicd r:fcquét

Sports équalled ~s.?c.cds c')‘f 110mph in, the advanced level tennis players or 5-110mph in the

" intermediate lcQél‘ raéquctbziil pla‘i\:"cr (Eastcrbr_oqk,' 1987 p.180). Rossibl.y the bi-(mu:chgnicul

“\
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disadvantage of swinging a lever or réfquet while seated is so great that, the rdsultant force
imparted to the object or ball is small. Pe}haps less serious eye injuries would result from
missiles travelling at reduced velocitié‘s..These conj(?ctures have not yet been verified becaus;:
.cquivalent measures of thcb ball speeds generated in w}lee]chair racquet sports have not been
reported in thé Iit'erature.

In addition 1o, the less damaging, slo»\; travelling missiles in wheelchair sports, denial
injuri.cs and eye injurics are perhaps less common because of the head position of these
athletes. In able-bodicd sports the head is often intentionally at the ground level or, equal to,

or below the level of . the lower limbs. For examiple volleyball dives, squash saves, ice hockey

defensive dives, and curling are all sports where the athletes horizontal body position dictates

3

X Thcif héad is scldom inlemipnally below their seated center of gravity. The
wheelchair athletes' position their heads 50 they are up and faci‘ng‘ forward, primarily to keep
their balance, but partly because of the mechanical properties of wheelchair motion.

Typically, the athletes must direct their wheelchairs to face their intended direction of

N B
)

‘ 'siu'on level with the lower limbs. In ‘wheelchair sports the athlete remains in a seated

" travel because the wheels on a wheelchait allow only forward or backward movement. Thus, .
when moving in a wheelchair the athletes' heads are always in line with the rest.of their body
Since a si-dc‘ways vmo_vcme'm (moving sideways while facing forward) is impossible in a -

whcclchair, only the most skilled wheelchair athletes can fake a movement in one direction |

and l.‘ravcl in anothcf. Based on this observatia—n; Qhﬁeclc‘hair athletés travel, almost

“exclusively, in ‘tvhc directipn they are looking. The low number of teeth & d.eyes areportedly
in4jurcd was pc'rh‘a.ps related to the protection of their face by their forward-f avcing seated
position. This schii—efeci_ position made face conjf‘acl with the floor an accident, cau"sed only
through collision and loss of balaﬁcc. In wheelchair sports, fac-ial injury caused in the course

of an intentional }novemcnt by the athlete was unlikely.

The most tare injury rcported in wheelchair sports was dislacations (0.7%). The

injury mechanism of dislocations is characterized " a great force on the siructures within a
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~ joint, causing the joint to go beyond its normal analomjcgl limits (Klafs and Arnhecim, 1985,
p.252). In able-bodied sports the highes.t incidence of dislocations involved the [ingers and the
shoulders (Klafs and Arnheim, 1985, p;252. The 1\&'0 ,dislo?;lions rcporicd in wheelchair
sportts occurred to the elbow andefingers in the sports o‘f/{)askctball and wheelchair rugby.
Perhaps athletes in wheelchair track events and scver?i%bhcr sports avoided dislocation
injuries bec_ause they were well practiced inu properly utilizing their z;rms 10 break their fall
from their wheelchairs. The low frequericy of dislocations in basketball and rgby was perhaps
relatqd to the distance the wheelchair athlete is from the ground. The scated position of the
wheelchair athlete lessencd the falling distancc to the playing surface. Competition in a
wheel‘chair'alvso éliminated the endless possibilities of injury inflicted upon ablc‘-b.odicd athletes
by the speed and rotétioﬁal torques created by lower limb movements. Lacking the Munctional
power of the lower limbs, these athletes are seldom involved in spor_lé which require them to
land on upper body .parts. For example, wheelchair athletes would not be tum‘biing on a mat,
throwing an opponent in a wrestling r'na'tcl.u, or being tackled io the ground in.a soccer gamt.

Many of the able-bodied shoulder joint injuries, especially dislocations, are causcd by
landing on the };oim of the gshoulder, falling on an outstretched arm, or downward forces
directed at the shoulder joint. The descending forces of this latter cause of shoulder
‘dislocati'ons‘dri\(e the acrbmion of the shoulder downward and away rom the cla\;iclc, 4
~ shoulder bone which sustains the acromion’s position. (Klafs aﬁd Arnheim, 1985, p.706).
‘}’et, it is unlikely whether wheelchair athletes would fall on the point of their shoulders in
sports or whether the forces gcheratcd throigh thelchair sports participation are of the
magnitude to disrupt the joint structures. Thus it was rc;asonablc that in wheelchair sports,
dislocations were the most tare type of injury reported. |

When the wrist is chronically inflammed, céscntial vessels and the median nerve
cannot pa‘ss freely through the wrist's carpal_lunncl. The résullam numbness and pain
radiating from the thumb, wrist, and haﬁd have been termed carpal tynnel svndrome (("’I‘S).

Although no athlete in this study spccificz'xlly reported the ocCurrcth of CTS, inflammation
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injuries to Lhc wrists (16. 5%) hands (16. 5%) thumbs (12.3%), and fmgers (12.3%) were

" __1cported. Inflammatory injuries to these four body7parts accounted for more than half of the,
total f’rcquency of inflammatory injuries (6.7%). |
Two factors contributed. to the absence of reported CTS amongst wheelE}lai;rathletes.
'}-';rsl, was that the signs and symptoms of. C’TS may have been confused with the
characteristic signs and symptoms of high cervical lesions in quadriplegics. This disabi]it\‘/ class
have altcrcd muscle innervation to the arms which is oflcn accompanied by altered sensation
1o the arms and hand. Spccxfrcally pressure on the spinal cord in t% cerv1ca] spine region
prcsr ats as n}zbncss and nghng in the thumb and n\ixt two fmgers, and pain in the wrist
which occasionali radiates up the forearm, upper arm, or even to Lhe shoulder (Austin, 1972,
p.368). This numbness and pain patiern srmuiates jthe common symptoms of CTS which ’
periap. 1o the quadriplegic athlete was interpreled as O(Sd@y signs and symptoms of
quadriplegia. o
The second factor was that CT'S. requires a doctor’s diagnosis as did bursitis,
' tendinitis, fracturcs and othcr injury types. 'thelchair athfetes:with sig'ns and si'mptor!ns\ of
wrist, hand or thumb inflammation were perhaps unhkely to- haye been alarmed by thesc
Asvmploms Pcrhaps medical attention was not sought Thus athough CTS may have occurred

in wheelchair athletics, its frequencv in this st: ldy .especially amongst quadrlpleglc athletes

rcmamcd.unknown. t

Serious Injuries in Wheelchair Sports . S _

a) Concussions

Seven athletes sustained concussions to the head or forehead/eye region in fod_'r,?‘\”‘" ’
 different syporls events. 'Alrndst ha'lf dfall of the concussions (42.8%) were sustained by

quadnplepc rugb\ pla\ CIS. The remammz sports in which concussion were reported mcluded

N

track e\enls("b 6¢ %), baskelbal] (14 % ) and slalom (14 3%) (Fxgure IV 1”) Sn of the sevcn "
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' concussions occurred to quadriplegics.
Thc high frequency of concussions in wheelchair rugby was probably dlreclly relaled

.

to the funcuondl (,hdra(.LCTISUCS of quadriplegics. Lacking trunk musculatué\or useful hand
intrinsic muscles, balance is a prob%'em for the high level spinal cord injur’ed.:atah't'e. This
anatomical lack of inncrvAatcd postural musculature-together with the defensive plays in
whewelchair rugby, made the hc;,ad morc vulncrablc,in. the quadriplegic class of athletes. >
-,Unlikc many amputees, 'les autres', and émpuf’ecs, quadriplegic athletes have limited use of
their arms and hands. Unable to use their arms to break théir fall, or to grip firmly onto their
chairs with l‘};cir ha'ndst mgﬁc the heads of quadriplegics more vulncrabile to injury. If
quud%iplcgic athletes losce their balance and bcgin to tip out of their whecéhairs,A most lack the’
: v abdominal or trunk muscula[u-rc to keep Lhemselves in their chair, lci alorié 'right Lherr‘lse]‘ve.s'.
Thc final factor prcdisposihg quadriplegics 1o concussions through sports participation
was that many of these athictes str;ppcd their legs to their \\vheelchairs.‘. The legs are strapped
to their wheelchairs both to prcvénl them fron‘j falling of T and.sulbsequemly suffering injury_
- under the wheelchair, and to assist in comrollin‘g jn»voluntafry leg extension. The first factor is
¢haréxc1crislic of the spinal cord injured athlete with 'a lower motor neuron lesion which résults
in flaccid paralysis below their lesion level. Their legs Lénd to be Yery influenced by gravity
and often fall-off the wheclchaif foot rest. The draggingof the feet is a source -of injury‘ from
contact with Lhe. plaving surfacc, their wheelchai(r. or others' wheelchairs. The second factqr is
‘charz_xlclcristic (Jf the spinal cord injured athlete with én upper motor lesion with resultant
spastic baml_vsis below their lééibn level. Whéﬁ involumafy rr;usf:le tonus sets in, thc'lcgs
immediately C\IC‘nd at the knee. This cod{plme immediate and rigid leg‘ spasm alters the ccmer
of gravity, and makes the lcg< a physmal barrier vulnerable to injury. The legs strapped to the
wheelchair are useful in modcratmg the injury vulnerablln\ of the legs, however it also joins
the wheelchair athlete and wheelchair as a single unit. This unit moves together and falls

together. Thus when these quadriplegic athletes who have their legs strappec to their | &

wheelchairs collide, extend themselves in a defensive or offensive play, or lose their balance,
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they cannot hreak their fall with their hands, rarely fall free from their wheelchatrs, and

.

" therefore often concyss themselves when they fall backwards from their wheelchairs,

P
b) Fractures

Fractures (7.8%) occurred as frequently as concussions. Five dffferent body parts
were fractured in three sports events. Four (57.1%). of the fractures odeurred in basketball

while road racers (28.6%) and a tennis playcr (14.3%) accounted for the other fractures.

Expectedly, fingers were most commonly fractured in basketball or road races. Severl
factors provided an explanation for the high frequency of fractures in basketball. Basketball is
a contact sport in which, although the playing surface is limited, the agility and speed ol the

A
athletes is great. The intensity of the-offensive and defensive tactical plays in b;lskcl.{}ﬁll

~

together with the plavers’ skills led to frequent wheelchair collisions which occasionally
resulted in fractures (2.4%). Therc were a few ankle and foot fractures reported: These lowe

body fractures occurred in road facing and basketball. Many of the road race wheelchair

Ed

design's posiiic aed the body in a hyperflexed posture which left the legs dangling and the
unprotected feet predisposed to injury. Seldom did road racers wear shoes, thus, il they fell
¥

_or their legs became untied from their [tont caster and their wheelchair overturned, theinr fecl

N

would be subjected to injury.

Fractures arc commonly caused by direct violence, indircct trauma, or sudden

§

muscular contraction. Forces are generated by distance over time, therefore the speed gained }
by wheelchair road racers, basketball players or even tennis players would perhaps generate
suffic. ¢ forces to cause violent bone damage. The athletes’ foot position in many sports

wheelchairs was well in front of the rest of their body. Thus in_a forward collision or {ull, the
, : . .

feet made the first contact with the other wheelchair or the ground. The combinition of the

~

lack of footwear worn, the high speeds at contact, and perhapsthe lack of protective '
musculature surrounding the lower limbs of many wheelchair athietes were-the situational

factors which predisposed ' wheelchair afl%tc to fookand ankle fractures. It would scen

. s
l
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thc of these factors alone would ha'vggcncrpz{led enough force to damage bone, but foot

fractures could have occurred from spills at thc high speeds frequently travelled by road

racers, or {rom firect contzct collisions characteristic of basketball. : \f

¢) Pressure Sores

More prcs.(:xrc sores (9.0%) than concussions (7.8%) or Fk;actures (7.8%) were

3

reported by the samplb population’ of wheelchair athletes. Out of these Lhrce'v (3) more serious
injurics, Bedbrook (1985) stated that from a medical standpoint "prcssurc'sores still remain

. » . ! "
one of the major complications of spinal cord injury" (Bedbrook, 1985, p. 73). In fact,
multiple pressure sorcs}with the involvement of bone and joint can be the cause of dedth in
' ¥ v ;
Jess than six weeks if. they are unattended (Burke & Murray, 1975, p. 82). Pressure sores were

su;sla,incd by onc amputec and six spinal cord injured athletes m track (&4%), baskctball_‘

(44.4%). and ficld events (14.2%). o , e

. / .
The possible causes of pressure sores throughout all sports events were: wheelchair

design, length of activity, and rough edges, or objects of the wheelchair or wheelchair parts. -

The revolutionary des ns of wheelchair sports chairs emphasized speed, lightness. and

mancuverability. Especially in the aerodynamic desiéns of road racing or track wheelchairs,v
little effory or emphasis was‘givcn to the athlete's comfort. To fit in the bucket type seat
dcsign of these r_acing whtclchairs, the track athletes legs were fully flexed at both the hips
and the knees. This position eliminated the dispersion of forces through the long bones of the

wheelchair athletes' upper thigh. For example, scaged on a-chair qr in a wheelchair basketball

plaver's wheelchair, the hips and knees are flcxc'«'i, only to 90 degrees, and the long bones of

the upper thigh were therefore able to have absorbed some of the forces of their body weight.
(‘,(mvcvrscly.'thc' “bunched’ leg posture characteristic of track athletes and road racers, placed

the pressure of these athletes' body weight on three contact points: the two ischial

tubgrosities, and the back.

L2
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Thc‘lowe”r frequcnc_vv of brevssurc SOres in t"iéfd ovents was likelv-influenced by the
shorter duratiqn of fi‘el'd events. According to Butke and Murray (1975) lhérc'iQ a direct
rclalipnship between the amou.m of pressure and the length of time the b(;d_\' is subjected to
the pressur_c. ‘Thc‘ body endures a small amount of brcs‘surc for an extended time ~p§ri‘od but

SOIES Were hkclv 10 have dcveloped il a grml deal of prcssurc was c\crlcd over a sm Il areq,

'for greater thdn two hours (Burkc & Murm\' 1075 p. S8). Basketball games, mulndnu

warm-up and intermission, and the dlsmnw tm.k cvunlx were pmb.nbl\ longer in (lm.mun
than field events. Homver 1L was hkc ¥ lhal Lhc whcclahmx sc.u surface was .nlxu an
influential factor in the development of -prcssurc sofes. According o Richarson and Meyet

(1981) quadriplegics are morc pronc to develop pressure sores than paraplegics (Richardson &

“Meyer, 1981, p: 237). However, in this study, an amputiee and low level spinal cord injured

athletes incurred the pressure soress Perhaps many of thesc-athletes were accustomed to

¢

ambulating with the aid of braces, crulch(cs)," or cane(s). Unaccustomed to the wheelchair,

except for sports cvcxm parucxpauon and Lompcunon pcrhaps Lhcsc athietes did not lmva

appropna},c whcclchaxr paddmg or pcrhaps were less deLm in prcxsuu sore peranmvc cure .

1975, p. 59).

A pressure sore bcgms as a redness or skin discoloration whxch ddvanccx to (Lnn aged

. tissuc and superficial circulation if the pressurc rcmains. Continued pressure further dcmoys

A

deeper skinv layers and eventually leads to nc;rosis, ulceration, and cven local gu‘r{%rcnc (ﬁﬁrkc
& Murray, 1975, p. 57). Athletes wi'h alicred sqhsation arc perhaps prcdisposcd to pressure
sdrc dcvcloprﬁem not because of any diﬁ"crc’nc@ in their skin cc.)mpdsition.»bul rather bcc;wc
they lack the warning mechanism to notify their bodies of the discomi’drl sensation of
buil‘ding pressure. Deprived of L‘hvis sensory warning mcchanism, these athletes must: actively
devclop a good hygeiné practicé,- ri'Luall.y relieve sming_prcss_u_rc for a short time at least twice
an hour, and daily inspect their bodics for carly signs of PICSSUrC S0res (Bufké & Murray,

7

Overall, the most common sites {or pressurc sores im wheelchair users are over the

ischial tuberosities, the lower back wherc the back upholstery is in contact with the body, and

=]
’ ¥
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the back of the thigh. The denervated arcas of the body, éspecially those ‘with complete
scnsé'ry loss are most susceptible io pressure sores. The incidence of pressure sores is inc;_eased
by inapprd;ﬁrial;’ cushioning, improper wheelchair fit, and wriﬁkled clothing, and is reiatively
low amo'ng athletes. This study reported three body. 'parts' which sustained pressure éores: the
pelvis ahd hip (57.1%). thoracic spine (28.6%), and chest (14.3%). All' three body ,’p.arts were,
asvh'otcd, contacl points bctwccn. the athletes body's .b'ony 'ﬁrominenccs and their spérts

- wheelchairs. The ischial tuberosities of the pelv. . region made:contact with the bottom of the
wﬁcclcﬁa-ir scai:Thus on these two bon’v promincnces alone, rested nearly the entire ‘body
wugn of the whcclchalr athlclc Mmms et al (1984) noted Lhal the trunk poslure and the leg
posmon oI the whcelchaxr athletc influenced the ischial tuberosity pressure pattem (Minnis et
al, 1984, p. 298). They made a noteworthy contribution to the comrol of pressure sore
dcx;clopmcm in wheelchair athletes with their use of an ischiobérograph devicg. They used this
device to take measuréments of peak pressufc points in the ischiz areas. T’he’ylvthe_‘n‘ modified
the detected peak press-uirc points with cushions (Minnis et al, 1984, p. 304).

Prcs:surc sore:  Iso developed o;/er the thoracic spiné or chest, perhaps é’t the le'v‘é‘l-‘; v
where the 16p of: the whcclchair's: seat contacted the athlete’s back. The often firm, |
iméushioncd top of the wheelchair seat was the contact point which partially éhared the
pressure of the athictcs' body weight. Nilsen et al (1985) reported that "'pressure sores...do -
not ncccséarily relate to physical training” (Nilsen et al, 1985,{p. 157). Perhaps these pressure
; © sores were not sustained aé»a result of wheelchair athletic coern etition or training but occurred
during the course of th.e Games.: Man’yvof thes¢ corﬁpetitions or Games were held over_ai few
davs. Relaxation tents or areas where refreshments and fndsic were provided, were sél up at
1h¢ sporting venues. The atmosphere perhaps encouraged dancilng when the athletes were nog
compctiné. To dance in-a wheelchair to the beat of the music is often accorﬁplished by
maintain_ing a whcelic for the duration of the darice. Perhaps, it‘@as the greater pressure

’ “

concentration of the athlete's body weight over the thoracic spine in a’ wheelie, that caused the

development of chest and thoracic spine pressuré sores.
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. D. Injury by Disability
Spinal cord injured athletes had the greatest percentage (69.65%) ;)l' the total number
of injuries by disability followdd by 'les autres' (16.8%) and amputees (13.6%). However

-

h
thi§ statistic reflects the percentage distribution of cach'glisabilil)' group in the sample
population (Figurc II1.1). Therefore the injury rate by disability was calculated from the total
injuries by disability-(n:339) and the total number of athletes in cacﬁ disability gi‘(mp.- This
ratc gives a more accurate indication_of disability type and injury. The injury rate l.'or-lhc Tes
_ -

autres’ (4.07) was highpst followed by the amputees (3.83) and then the spinal cord injured
(3.68). o ™

Perhaps the 'les autres’ disability group had the greatest injury rate bcpausc of thedr
disability characteristics. Many of the 'les autres' group lack coordinated movements and e
motor control. Their uncontrolled body movements could have been a factor in the injurics
that they sustaincd: The most frequent injuries 1o 'les autres' were blisters (28.1%), abrasions
(22.8%), ;md musclcf‘strains (15.8%). Although there were no concussions OF Pressure sores
reported, 'les aulré‘s’“‘s‘uslained a varicty of serious injurics: I‘racturcs.(5.2v”/b‘), dislocations

v

(1.8%), eye injuries (1.8%) and dental injuries (1.8%). Their ability to shift their body
L

positions frequently accounted for the absence of pressure sorcs. However, the higﬁ
percentage of Blisters and abrasions to this disability group was perhaps because many of
these athletes wer:é unacustomed to daily wheelchair use. Many 'les autres” usc alternate forms
of locomotive ‘j“‘aids when they‘:farc not cbmpcting in thclchair Sports. |

The a’f;nputee disability éroupﬂlso'repofted an overall high injury.ralc (3.83). Similar
-to 'les autresj"', many amputees rarcly use a whcc]ch;ir for daily locomotion. They are often
able to walkfﬁwith the use of protheses and/or alternate forms of locomoﬁvc aids. Alth()ugh :
this grbup élso reported a high *ffequcﬁcy of blisters (28.3%) and abrasions(23.9%), muscle
strains (15.0%), &mcussions (2.2%), and cye injuriés (2.2%) were also reported.
) Ampulees who participate in wheelchair sports have missing lqwcr limb(s) which

N

change the body's center of gravity. The altered center of gravity aflects the athletes” bilance.



‘ fhns changcd’ .ccmcr of gravm and altcrcd balance results in a high frequency of spills or
falls. The type of injuries susLamcd in falling may be serious for this disability group because
of the great speeds involved. Amputees have full sensation, strength, and motor control of
l'rf:ir remaining limbs. They are therefore agile and capable of many skilled movements and
controlled sugden starts a‘nd stops. The control of their upper body movement is possible
because of the fully innervated musculature of the thorax, abdomen, and back.

In cbmrast, the spinal cord injured disability group, who‘reporled the lowest injury
rate (3.68), did not have fuily innervated postural muscles, lower body mﬁscles, or some
upper body anlagomsls Purlhcrmorc this disability grobp lacks full scnsauon of their ~ °
paralyzed body parts. 1t has been suggested (Steadward, 11987) that because spinal cord
injured athletes have some degree of paralysis, injury detection may be delayed. In some
cases, visualr physical signs‘ and sympioms appear before a spinal cord injured athlete has
detected an injury. For cxample, internal derangement of‘byone may‘go undetected in many
spinal cord injured if the injury occurred to a paralyzed body part. Thank{ully, the signs of
in(‘lammati&n. discolouration or fever may appear which Icad the injured athlete to seek
medical attention. Spinal cord injured athletes reported a high freduenc_v of both blisters
(22.9%) and abrésions (22.0%). They were the disability class with the highest incidence rate

for concussions 4(2.5 %), pressure sores (3. 0%). muscle bruises (5.5% ) Lendmms (12 3%) and

muscle strains (16.1%). ‘ -

E. Wheelchairs - -
In sports such as harﬁcss racing, motorcross récing, or skaléboarding, the vehicle
could become the source or mechanisp of injury_,' ‘J'ust as humans trip, fall, or pull a muscle
~ during a competition, lhe;c vehicles can alter an athletes’ performance through mechanical
failure. Wheelchair sports are not exempt from the possible injuries caused through the

mechanical faiture of the wheelchair or its parts. For example, a loose bolt, a fold or crease in

chair upholstery, or a tire blow-out, could cause an injury as slight as an abrasion or as
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serious/complicated as a fracture or a pressure sofc.
The wheelchair as a vehicle extends the upper limit of man's fastest speed. On short

-

. downhill sections of hilly fpar.athons or road £accs, wheelchair athletes have reached spcc‘d.\‘_ inf
excess of 40 mph (Vince, lerretti, 1986).-In sport¢ vhere such excessive speeds are nunin&i,
.tk}c; resultant injuries that occured were more seriou. The direct rclnlionshi'p of speed and
'iﬁiéacl _forces is sﬁch thalli‘hc chance of injury also increased. Thus based on both the high .
fr'equcncjv vof'ispfl tiséuc ir;juries reported in lh_is study, and lhc“grcal speeds attained in many
wheclchéiriqu\yrts', protective cquipment should be worn.,

M;my able-bodied and disabled athletes use protective sporls equipment to proiect
themselves from injury, and to protect an injury from further trauma (Roy & Irwin, 1983, p.
45).'This study's statistics fcvcaled that a remarkably high percentage of wheelchair :;llllclc.\
(72%) wore p_{otcctlivc gear while training, participatihg, of competing in wheelchair sports.

\ . . .

Therc were eig};'{ different types.of protcétivc gear used: gloves, leg 'svlraps. arm bhahds, sport
glasses, tape, gushions,»knee pads, gnd helmets. More Lhan onc -third (_37,5%)_ of the athletes
vyho wore protective g‘ear. uscd jmore ‘L‘han onc type of gear. It was interesting that the most
frequent combination of protcciivc gcar was gloves and leg straps. fhc quadriplegics were the
disability. group who most commonlyb'ﬁ(58‘:3.%) used both gloves and leg straps in wheclchair
sports. Perhaps, as already sugébstgd, ;hc"yusc of the leg straps was related to their disability

_ characteristics, whilst the high freé%éhcy 6!‘ fglo‘vés worn would suggest thal perhaps these
athletes wore gloves in many sports suci} as sledge hockey, si:-skiing, rugby, archery, rrack,

and road racing. L o

e

Glovcs werc worn by 60% of all the "wh.)cclch‘air athletes who wore protective

equipment, while 23.3% wore leg straps, and 8.9% warc arm bands. Three athletes wore sports
glasses, and only one athlete, while kayaking, used a helmet. The gloves served as protection
1o the hands against blisters and abrasions. Often the first two fingers and the thumb were

~ reinforced with laycred white adhesive tape. The glove material varicd in its ability to

withstand the frictional stresses associaled with wheelchair sports (Plate 1V.1). Some athletes
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Jave found %hal deer skin curling gloves werc the most resistive to the wear and tear of
+ wheeling (Hansen and Taylor, 1987). | o Y a

All the legs straps reported in the study were used by spinal éérd injured athletes. As
mentioned, the wheelchair athlete with spastic paralysis would have used leg straps to control
tholunlary leg movcmcn't wflilc the wheelchair athlete with flaccid paralysis below their lesion
‘l.cvclA would have uscd leg straps to keep their legs positioned on their wheelchair. No
:ﬁnpuwcs‘or les autres in this study used ]cgv straps. o

(jrcatgr than 75% of the athletes involved in road racing (77.8%), archery (80.9%),
track (81.8%), and bowiing (83.3%") worc protective géar. All outrigger skiers, sit-skiers, and
sledge hockey 1;laycrs and 96.4% of. rugby players also wore protective equipment. Perhaps

"somc form of equipment should be d‘esigncd to prevent injuries .10 wheclchair basketball
b]aycrs. The greatest number of injuries were reported in wheelchair basketball, and less than
two-thirds (62.5%) of Ll;céc athletes wore any typc of protective ge_ar..

This study 'ﬁ)hslratcd that although many wheelchair athlctes wear protective gear, the
type of ¢q11ipmcnl ;nost commonly worn was designed to protect the hands. However, the
high frequency of blisters and abrasions that reportedly were sustained by the hands, su'ggvests
that the 'glovés were not effective in their protection. Perhaps the discovery of a more resilient
glove material whicl: still conforms to the hand, would cffecti\/-ely' eliminate blisters and most
abrasions from wheelchair sports.

Arm bands possibly served as a preventitive measure in the dcveloprrie.nt of arm
abrasions while wheeling in a cambered track or ro;d racing whcelchair: As explained, the
cambered wheels contacted lhg inside of the arms and the chest.w_all. On hot race days, a shirt
might have provided the necessary layer of protection to the chest wall, but only a
long-sleeved shirt would have covered‘ the arms. Furthermore. since the arms were the
primary moving appendage in wheeling, perhaps the shirt worn was not thick enough. On hot

days a thicker shirt would perhaps have been 100 warm to race in. Arm bands, such as cut off

‘ i N . .
tube socks. have been worn by ‘seasoned' wheelchair road racers (Plate 1V.2).
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The arm banéis may be effective in lhéir prevention of arm abrasions. Howéver,
_perhaps‘» those athletes who sustained 2rm abrasions .did not use arm bands. Perhaps there is a
fgg for more education regarding the benefits of protective equipment.  Furthefmore,
* perhaps an increase in the numbers of athletes who wear arm bands, would reduce the number
of abrased arms in wheelchair sports.
| Leg straps are a controversial inclusion with the other picces of protective cquipment.
Since injury recording systems in wheclchair SPOTls arc oﬁly recently being developed, it is
unlikely whether thé risk of injufy with or without leg strapping is k,nown. Perhaps fatling
with the legs strapped- into Lhé wheclchair, is a greater source for further injury than falling
f’rée of the wheelchair. Further rescarch is necessary to substantiate these hypotheses.

-~

It is inferred that the few picces of protective equipment used by wheelchair athletes

did not entirely prevent sports injury. It is also known that few types of protective cquipment’

worn in able-bodied sports prevent injury as they were designed. As Gallman astutely
commented "if all protective equipment was as successful in  preventing injury as
mouthguards, there would be very few sports injuries” (Gallman in Easterbrook, 1987, p.

184).

A. Treatment of Reported Injuries

Nearly one fourth (25%) of all athletes reported no Lrgatmcx1t for any injury they
incurred through wheelchair sports participation, training, or competition. Perhaps this
" #percentage was an indication of the 1veve1 of seriousness of the injurics. Either the injurics
incurred wcr; less serious in nature, or the athlete's interpretation of the injurics was morc
lenient. Only one-third (30.8%) of all Iinjured athietes sought any form of medical aésisxuncc_
while barely 4% (3.8%) combined thc¢ medical advice offered and their .own treatment.
Conversely, an outstanding 40.9% of the athlejes treated ihcir injuries themselves., More than
50% of athletes who sustained teeth injurics (66.7%), abrasions (66%), blisters (62.5%). or

pressure sores (57.15%) treated. themselves. Athletes who sustained more serious injury types
- . A



Plate 1V.2 Cambered Wheels and Arm Bands

™
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such as pressure sores, fractures, dislocations and concussions sought some form of medical

assistance or self -treatment.

A

Itis imq;gsting that many‘.athlcles have lcarned to manage pressure sores themsely:
According to Bedbrook (1985), complicated pressure sores are a major threat to the health
and independence of spinal cord injured pcopl-c ( Bedbrook, 1985, p. 73). In f‘l"ﬂcl. multiple
pressure sorcs. which k\involvc bone and joints can be the cause of death in less 'lhan O weeks if
they are left unattended (Burke and Murray, 1975, p. 58). However, perhaps so many
pressure sores (57.1%) were self -treated because athletes detected the Pressure sore '
development early.

Those athletes who suffered danal injuries (66.7%) or inflammation (40%) also
sought treatment fo_r their injufies. Sincc the degrec of .dental damage or in‘flamnmmry mjury
was not reported, conclusions regarding the seriousness of injury and the treatment rcndcr;d
were not correlated. |

Of all the wheelchair sports injuries that were rcporlcdly treated, lhc. les autres’
classification of athletes were most likely to treat their own injurics (50.8%), followed by the
spiné] cord injured athletes (40.6%) (Figure IV.12). Remarkably, 42.9% of injured amplecc

<%
athletes did not treat their own injuries or seck medical advice or treatment for their injurics.

<

. Perhaps amputee injuries were related to the use of their prothesis. Such irritatons to the

stump could have been minor in nature.
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Chapter V °

Conclusions and Recommendations

Ah, but a man's reach should exceed his grasp

*(Richard Bidwning).

* Since their formal inception in 1,948. as 511 ‘a'id'j‘lmcl o l»rz‘x‘di.lvionq] rehabilitation,
wheelchair sporté have 'Eccdn}c rﬁorc than a passing ihlcr_ésl i() many p.hysicn'll_{' g“hu‘llcngul
people. I’ﬁitially,..sport_s were - a .\\v/cl':o'i"nc diversion l'ro‘m.thc bércdom of ho.spiml life,

3 Discomemc‘d jusi to i)articipalc in athletics, fn;m_v wheelchair al.hlcvlcs. began to train, 1(;
| dedicate more time toward wﬁcélchair dcsign. and to approach wheclchair sports competition |
| phvswallv and mentally prcparcd for v1c10ry Throu;_,houl the twenticth century, wheelchan
sports have mcreased in popularity and dxvcrsmcd in sports cvents. Both the Lompunor S g
and their level of competition have risen. Wheelchair athmos have pcr(ormul intern llr()n.:ll\
at world class standing. The catalyst bchind many of the pmgrmsmns and luhnolngmul
advances in wheelchair sports has been man’s mhcrcnt desire to be the bcsl 1o wheel faster,
to throw farther, and to score more points.
Although wheelchair sports participation has proved 15 be physically béncf'fcialv;;ml s
has prowdcd a grea}\ atmosphere for comaradaric, charaucr development, . and learnced. skllls
is a source 6f mjury §]¢5®rts injury is'an unfortunalc mtcrrupuon in sporis pcrfnrm ance; is
impact on athlctes level of Sports paru’cipation is devastating. Broken bones, .spr:uxm torn
muscles, or inflammation in the upper limbs may prevent physic'al],\'_;ch:illcn'gcd athlctes, not
only from training and competition in sports events, but als().may clifni_n:uc their :;!_.hAil_.l:l} 'lv()“--
wheel, érutch-walk, or drive a car. Howcycr, fow spo.rts inedical personnel have rescarched or
docurnented the ctiology of sporls,ihjurics 1o wheelch i athletes.
This study on sporis injurics td Canadian wheelchair athlctes was conducted 1o

' provide descriptive statistical information to athletes, coaches, and sports medical personsicl,

® 1]
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The data demonstrated the basic relationships of sports injury occurrence to disability, age,
_residency, Protective cqﬁipmcnt. wheelchair design, and competition level. The data analysis
alluded to several causg-ef‘fecl relationships regarding specific patterns of sports injury that
were identifigd. Ovcréll, the injury statistics of this study underes.tifn\ate the total frequency of
“sports injuricy to all Canadian wheelchair athletes. ) - A
]. * The ﬁosl common injuries sustained were t -5 (23.2%) and abrasions
(?.l_ .S%). The mos:t widespread injury througsout all sports events was muscle

v \ strains, while dislocations were among the most rare injury sustained.

to

\ .
The body parts most frequently injured were the hands (20%), shoulders
(15.5%), fingers (11.8% and arms (10%). The sports in which the highest 1

incidence of injury occurred were the popular sports of basketball, road

X}

raciné, rugby, and track.

30 Eighty percent (80%). of the 90 athletes competed in an average of 5

gorri/p\\ctilions pcr'ycar, in 35 diff‘crenl‘spc’)rts. The modal level ofltrain'mg was

6-10 hE)urs per week.

4. Seventy-one pereent (71%) of wheelchair athletles used protective equipmem
for Lraining‘, pa.rticipating or competing in wheelchair sports. Gloves (60%)
were the most commonly worn biece of protective equipment throughout all
sports. Of aﬁ athletes who used protective equipment, 84.4% wore gloves.

5. ' " Fewer than one lhird (30.8%) of Wheclchair athletes sought medical assispance
or ;dvicc fo.r their siports injuries, 40.9% treated Lhe;nsclves, and a handful
(3.8%) combined the medical advice offered .énd their own treatment.

6 .* Thirty-two (32) varicties of wheelchair models were used by athletes in this

study. As many as four (4) wheclchairs belonged to one athlete who competed

In two sports.



A. Recommendations

In conclusion are 6 recommepidations to wheclchair athletes who participate

competiti}(zly or recreationally in whegichair sports. These recommendations pertain. to injury

W

prevention, sports cquipment, the environment, and fitness 1raining.A
1. . “ It is recommended t heelchair athletes acquire and wear protective
equipment, suqh as helmets and gloves, which prdvidc protection against the
dangers associated with high speed travel. Protective equipment are an
b :

o im,p/ortam means of injury prevention in all sports especially : road racing,
downhil] sledge skiing, and whceichair rughy. Although wheelchair rugby
plavers do not attain the samc‘high speeds as road racers or sledge <kiers, 'lhc_\
are often 'out of control’. Due to their high lesion level, quadriplegic rugtn
players have poor balance and a slow hand-cyc reaction time. These are a
conscquehce of their genéral lack ol‘\ upper limb and postural musculature.
Thus to offset their chance of injury, it is recommended that appropriately
« sized and designed pvrotcctivc equipment R worn. A

Second, it is recommended that wheelchair athletes continue to invest’
time and energy into the discovery of the most cfficient, wcll-construélcd.
sport specific, wheelchair designs. Wh‘cclchair designs should: continue to
ensure proper individual fit according to the 'va‘rialion in body dimcnsi(ms, b
relatively light, vet dﬁrablc, and be well-suited to the demands of cach SPOTLS
event. Perhaps SpoTts specific, individualized wheclchair designs will influence
the type and number of injuries caused by the wheelchair. The design of lhc‘
whecelchair must also comply with the rules of wheelchair design specilied Tor
cach sports event. -

The third guideline is to limit Lh»c development of unncccss;xnry ().vgrllsc
injuries by monitoring the training site and surface. The direction of travel

both on the track and on the shoulders of deserted roads should vary. Athletes
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will want 1o avoid training on roads where the grade of the shoulders ié steep,

and pfcfcrably train longer distaﬁces with equal numbers of corners in each

dir;ction (ic. both dircctions on a track). AthgLes w_gb train on roads should
choose those roads which are less busy. The chance of accidents with other

vehicles decreases markedly when training takes place on deserted or less

frequently travelled paved roads. e

,

) FI-'outh, it is reccommended that wheelchair alhleies seck medical advice
from available sports medical personnel regarding sports injury, its first aid
lrcalmﬁﬁt, rchabilitadon, and future prevention. Prevcnlitivc measures should
be taken rcgardiﬁg proper wafm-up and regular stretching routines. Athletes

may often kn‘owingly place themselves at risk of injury. Athletes who

r‘ .

consciously ignore early signs of ai. injury, or omit appropriale warm-up or

slrelching exercises predispose themselves to sports injury. Once athletes
d-1ect signs of an overuse injury, or require emcrgcnc» ﬁrst and for an acute
injury, they should immediately contact sports medical pcrsonncl For elite
athletes, injury-free time is crucial. The sporls medical support staff member
is trained to assist in the treatment and rehabilitation of injured athletes while
maintaining the atheltes' acrobic céndition'mg and skill level.

“/Finally, the athletes must obtain a coach, sports medical personnel,
and access 10 fiméss evaluation. The coach should have the knowledge and
expertise o provide technical feedback on sport specific tecfmiques, 1o arrange
regular fitness testing, and to prescribe individually designed yearly training
schedules for all wheelchair athletes. The coach shoﬁld have an education,
interest, and general undcrstimding of sports injury. vheelchair Sports aﬁ
cquipment. Access to sports medical personnel who are willing to administer
appropriate first aid care and rchabilitation to wheelchair athletes with sports

injurics should be found. Regular fitness testing which monitors wheelchair



115

athletes' muscular strength, endurance, power, cardiovascular condition, ;\Ayd
anthropmetric dimensions should become the joint responsibility of the

coaches, the sports medical staff and the athletes.

In the new field of sports medicine for wheelchair athletes, many more rescarch 8

papers need to be written. Although the ground work has now been laid, few spcci‘('icﬂmpics

have been researched. Some of the suggested arcas for {urther rescarch include:

1.

the relationship of wheelchair injury occurrence and the effectiveness of

protective equipment worn in wheelchair sports,

winter and summer climate and its effects on wheelchair athletes,
: . -\ h
the similarities of the etiology of able-bodied and disabled sportsynjuries,

/

the biomechanical analyses of wheclchair sports, .

and the relationship of sport specific training and injufy
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Appendix A: Hierarchy of Maslow

SELF-ACTUALIZATION
| NEEDS* ~

‘Self-Actualization

PSYCHOLOGICAL / | Eeteem Needs \ _

NEEDS o / - Belo‘nging'nesls Needs - K
FUNDAMENTAL - [ s teect \
S NEEDS // Physiological Needs - \

"35\

‘ 'Adépted from Maslow AH, 1979, p.462.

v

»

_\& Figure A.1 Hierarchy of Madslow 9




ATHLETIC PARTICIPATION IN HOURS PER WEEK

Appendix B: Athletic Participation

» ,
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Figure B.1 Athletic Participation in Hours Per Week
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Appendix C: Wheelchair Sportsmedicine Questionnaire.

SPORTS INJURY: A NATIONWIDE SURVEY OF WHEELCHAIR ATHLETES REGARDING THE

INJUKIES THEY SUSTAIN THROUGH SPORT TRAINING, COMPETING,
AND PARTICIPATING. ’

9

* LLCHAIR SPORTSMEDICINEAQUESTIONNAiRE

/!

’

‘Please return this completed questionnaire to:

Wheelchair Sportsmedicine Questionnaire

Dr. R.D. Steadward, Director

Research & Training Centre for the &

Physically Disabled

Department of Physical Education & Sport Studies
University of Alberta

Edmonton, Alberta

T6C 2H9
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A.

Sport

1.

WHEEL HAIK  PORTSMEDICINE QUESTIONNAIRE

Partic.y .2 jon N
N
A i
What 1s "' faghest “ovel of competition you have participated? \
(Please cuir¢ | N appropriate response)
1. Provincial 2. National 3.

International

How many years have you competed at the Provincial level Br higher?

yrs K

(Please indicate your answer in the closest half year)

How many competitions have you participated in to date? ‘ -

(Please indicate your answer to the nearest ten)

What is the average number of hours per week you are presently
involved  in all wheelchair training, compctlng, and participating?
(Please circle the appropriate response)

1. 0-1 hr 4. 11-15 hrs 7. 21-25 hrs
2. 2—§'hrsl 5. 16-20 hrs 8. over 295 hirs
3. 6-10 hrs ' ’

~ ‘
How-many days per week are you involved in.all wheelchair sport
activities? days

Please 1nd1cate the sport and the type (design) of chair used:

SPORT v TYPE (qustom fit OR 2nd hand)
1. Individualized 1. 1.
Design 7. , 2.
" SPORT MANUFACTURERS (eg. Quadra,Quickic,
2. Commercial 1. ) 1.
‘ 2. 2.

Do you generally wear pfotcctive gear?
(Please c1rc1e the approprlate response)

l. vyes 2, mno

1f yes, do you use...? N
(Please circle all appropriate responses)

1. gloves 4, straps
2. armband(s) - . 5. other
3.  helmet (Please specify)
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B.

B.

AN

participated 1n any ol the tallowing sports since you became disabled,

dditeate the namber of vears to the closest halt vear von have

"NURRLR OF YIAk;

NUMRER OF YFARS I

» NUHKEN OV Y[ARS }
SFORT COMYETLD IN SIORT SIOKY NUHMBILR OFf YEARS | COMIEILD IN SPONT
' PARTICIPATINCG Prov./Nat'ljlncn"} PARTICIPATINCG Frov. Nat' 1] intn®)

Atrchety SETTny TaTedge
Basketbsll Soltball
Boccla/Bovling Suimning
Fleld Table Tennts

1. discus

7T Y¥ETTR Track Cvents

T, ¢Tub throwv 1. sprints

L shotpul {up to £00m)

7. mld-dTstance
CP Soccer (800w - 5000w)
Horseback Riding Tennts
Fyycklng/@poclng Volleyball
{Road Racing/Harathons Wetght-1tfeting .~
. ¢ -
Riflery Ot her
47

Rugby/Hurderball Other v
Salling Pthcr 8
Skiing (outrigger)

General Information

9..

10. Residence: City . / Province

11.
12.

13.
14.

15.

16.

Date

Gender:

Birthdate

Disabilit

Male

/

day mo

yr
y

" Female

Classification (Please circle appropr.. e response)

1.

amputee: Al A2 A3 AL A5 A6 A7 AB__ A9
2.° CP/les autres: 1 2 3 4 5___6___7___8__‘
‘3. wheelchair: IA__ 1B IC__ II_ III__ IV__V__ VI__
1f acquired disabi1ity, please ‘indicate specific cause.

(Please circle appropriate response)

1. motor
2. motor
3. 1indus
4.

S. other

vehicle (car)
cycle

trial accident

recreation, sport-related accident

(Pleasc specify)

1f acquired vhat ‘'vas the year you became disabled?

(Please specify month and year)

/

month

129a

year




10.
1"

12

13. Briefly describe your routine immediatety foliowing a workout or athietic event.

Appendix D: Questionnaire Used by Curtis in 1981

Wheelchair Sports Medicine Questionnaire

The investigation of types of Injuries sutfered in different sports has spawned the tield

of sports medicine. By understanding what kind of injuries can be expected in a particular

“sport, coaches and athietes are better able to eliminate them with proper training and
equipment. ’

A very limited amount of this type of information Is available in wheeichair sports. To
begin to gather more data, would you please take the time to complete this questionnaire
and sither enclose In an envelope, or fold form so address is on the outside, and staple or
tape shut and mail to: Kathy Curtis, RPT, 4056 Bismark Drive, San Jose, California 95130.

x Date
. Residence’ City ‘ . - State
. Male Female (please check)
Age )
. Disability Level of injury
. Year of onset. Cause
. NWAA classification (most recent)
. NWBA classification ‘
. Indicate the number of years you have participated in any of the following sport§ since the onset of your disability.
Archery —_— Martial arts - ——____ Tabletennis
ATVs / Motorcycles . Pilot(airplane) . Trackeventsupto 1mile
Basketball - ________ Pool/Billiards _______ Tricycle, handcrank
Bowling ______ Raquetball . _Tennis
Downhill racing L Rifiery ' _ | Volleyball
.Field events — = Sailing! Boating __ Water-skiing
- Football : ) Skiing (3 track) feet Weightlifting
e GoMt N Skiing (sled devi.ce) , _______Yoga
______Horsebacgk riding Slalom racing . Other:
Kayaking __ Softhall Other:
‘Marathons /'Road racing Swimming Other:

. Average number of hours per week you are presently involved in alf of the above sports:

—_O1hour _‘2-5 hours ____610hours ___11-15hours ___ 16-20hours ___21-25hours ____ Over 25 hours

Number of days per week you are involved in all of the above sports activities:

Briefly describe your routine immediately (1 hour) prior to your involvement in an athietic event or heavy wMout.
A .

Do you wear protective gear? (gloves, helmet, satetyglasses)

Expiain .

[N
~

130



'

Please list appropriate date of injury, injury code, body area code, and spon code for each
injury you can remember. For a recurrent or active probiem, please indicate. Describe

treatment recelived, if any.

INJURY CODES BODY AREA CODES SPORT CODES
1-Arthnitis joint disorcer A -Head AR-Archery -
2-Blisters B -Eye ATV-All terrain vehicies & Motorcycles
3-Blood pressure disorder C -Ear BAS-Basketbali
4-Bronchitis/asthma D -Face BOW-Bowling
SBursitis E -Teeth DOWN-Downnhill racing
6-Decubitus/pressure asea F Neck FLD-Field events
7-Dental injury ' G Shoulger FOOT-Football
8Dysreflexia H Upper arm GO-Gott
9-Eye injury | -Elbow KAY-Kayaking
T0-Fracture J -Forearm RR-Marathoning. road racing
11-Hand weakness. numbness K -Wrist MAR-Martial ans :
{carpa! tunnel syndrome) L -Hang AIR-Piot {airplane)
12-Hearn problems M -Fingers/Fmmb— POO-Pool/Billiards
13Head injury N Chest, above wais! RAC-Racquetbal:
concussion O -Abdomen, below watst RIF-Rifiery
14-Laceration or P -Petvis ‘a SAI-SAing/Boatng
abrasion of skin Q Hip " SKISking (3 1rack:
15-Muscle puil R .Thigh \ SLE-Sking (siec type
16Skin infection S -Knee . /" SLA.Sialom racing
17-Spinal injury T -Lower leg (calf) SOF-Sottba.
18-Sprain of stramn U -Ankle SWI-Swimmin;;
19-Temperature regulation V -Foot TT.Tabie tennis,
disorder (hot or coid. W.Toes TR Trazx events (up 1o one mile:
20-Tendinitis X :Spine - carvica: TRl Tricycle (hanacrany)
210ther Y Spine - thoracic TEN Tennus
20ther Z Spine - lumbar VOL-Vohieyba"
23-Other AAQOther WAT Water sking
8B8-Other ~ CWL-Weightnitt.ng
CCOther YO Yoqa
OT-Otner __. .
QY-Otnher [
BODY AREA IS PROBLEM TREATMENT
DATE(S) INJURY CODE CODE(S) SPORT CODE ACTIVE. RECURRENT, include madical test X+1ays
) RESOLVED” or medication, seil-treatment)
l 1 =
1 -

For add®onal injuries, use plain sheet of paper and enciose with questionnaire

£O.D HERE

T

/

Relum Address
N . Atfiy

postage

Kathy Curtis, RPT
4056 Bismark Drive
San Jose, CA 95130



" Appendix D: Winter Sports Illustrated

Plate 1V.1 Sledge Hockey \

Plate 1V.2 Outrigger Skiing
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Plate IV.3 Sit-Skiing
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Appendix F: Classification

The aim of the classification system is to ensure fair play and to eliminate, as far as
possible, inju.sliccs between participants in t.hc same class. There are many classifi?étioris for
“disabled sports participants including developmentally disabled, blind, cerebral palsy, amputee,
and spinal cord injurcd. In wheclchair sports participalion. the latter three disabilities together
with a class of other ncuromusular and congenital disorders, compete in wheelchair épf)rts.
| A classification system may be.devised on a medical basis or on a functional basis. At

" v
the beginning of the annual Stoke-Mandeville Paraplegic Games in the 1950's, a classification
system on a medical basis was i%troduccd. Since this time, similar systems have Eeen
imroclﬁtcd.f'or ampiucc athletes, cerebral palsied athletes, and les autres (Eijsden-Besscling,
1985, p.288). Each of these disabilities have t‘heir own Sports organizations, p}O\ izl
dssociations, and national and world competitions. However, there are also international
C()nxpc}jti()ns _sﬂch as the World Games, the Olympics for the Disabled, and specific sports
World competitions which integrate compctilprs from a number of disability classes. Thus,
although SCI, amputees, CP, and les autrés all have their own classification system, they ali

arc included within wheelchair sports classification.
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Cerebré] Palsy Classification System

Cerebral palsy (CP) is a non-progressive, often congenital, brain lesion which causes
variable impairment of muscle action commonly invb]‘ving posture, coordination, speech,
vision, hearing, and perception (CPISRA| p. 26). The variability of CP symptoms complicate
the classification of these al'hlctes. Thus, the CP classification system measures the CP
athletes’ functional level in relation to gheir sports event.

Medically, CP individuals are classified lopographically according to the number of
affected limbs (for example, monoplegic, hemiplegic, or triplegic) and tone. CP's mayv have
increased, decreased, or fluctuﬁting muscle loﬁc. It is the great vuriély in types of tone which
make classification of some CP aihlctcs challcnéing. }-jx‘amplcs of tone includc.ulaxic.
athetoid, dystonic, or tremor.

There are eight divisions in the CP sport classification s_vslcm.ﬂCPl athletes are the
_most disabled, and the CP8 cla_ss arc the least disabled athletes. In wheelchair sports, only CP]
to CP4 are cligible for competition. The remaining classes comprise ambul}ml athletes who ;n‘cl

les;}jisablcd. The equivalent CP class competitors and the wheelchair ciasscs are:

CP1.CP2......... cligible for CP soccer; CP track races
GP3.............. class 111 or 1V 'wheceichair sports
CP4 ... class IV or V wheelchair sports

Thosc'CvP athletes classed as CP5, CP6, CP;/, or CP8 may compete in swimming events only a
wheclchair games or competitions.

Recently, the les autresdisability classes, Who WCrIC clas\snﬁcﬂ/using ‘the CP
classification system, established their own classification system. Classes 1.1, 1.2, or 1.3 arc
eligibic for wheelchair sports-competition in respective whccfchair sporls classes of class 11,

class IV or V, and class’V. F.2 °



C.PIS.R.A. (Cerebral Palsy International Sports and Recreational Association)
Classification System for Competitive Sports '

Classes
CP1 Quadriplegic -normally using electrical wheelchair
Cp2 Quadriplegic -normally propel wheelchair with legs
CP 3 Weak Quadriplegic : .

or Triplegic - -normally able to propel wheelchair with one

> or two arms slowly
CP 4 Diplegic -use wheelchair for normal daily activities and
, sports events

CP5s Diplegic or moderate ‘ N

to severe Hemiplegic . -may or may not use walking aids ;

‘ “(i.e. cane(s) or crutch(es) ¢

CP6 - Quadriplegic Athetoid ‘
Cp7 Moderate to minimal Hemiplegic ‘

or moderate to minimal Quadriplegic
CpP 8 Minimal Handicap Group

Cerebral Classification: C.P.1.S.R.A. Classification and Sport Rules Manual, C.P.I.S.R.A.,
Sccrctar}@t Balyeweg 26, 6874 AJ Wolfhczc The Netherlands.

Figure F.1 Classification A) Cerebral Palsy

1.5.0.D. (International Sport Organization for the Disabled
Les Autres Classification System - for-Field Events

Classes

L1.... Wheelchair-bound; reduced function of muscle strength, moblhty and/or spasticity in
throwing arm; poor sitting balance.

L2.... Wheelchair-bound with normal function in throwing arm and poor to moderate sitting
balance; or reduced function in throwing arm, but good sitting balance.

L3.... Wheelchair-bound with normal arm function and good sitting balance.

L4.... Ambulant with or without crutches and braces; or problems w:th balance together

with reduced function in throwing arm.
" note:Athletes are allowed to use orthosis or crutches; L4 or L5 athletes can throw from
a stand-still or moving position.

L5.... Ambulant with normal arm. function in the throwing arm; balance problem; or
reduced function in lower extremities.
L6.... Ambulant with normal upper extremity function in throwing arm and minimal trunk

or lower extremity disability. Athletes in this class ‘must be able to demonstrate a
locomotor. disability which clearly gives them a dxsadvamage in throwing events
comparcd with able-bodied athletes.

Les Autres Classification 1.5.0.D. Handbodk, 1.§.0.D. Office of' the Sectretary General,
SHIF, Idrottens Hus, S-123 87 Farst, Sweden. "

Figure F.] Classification B) Les Autres
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mputee Classification

An amputee is a term which refers 1o a traumatically acquired or congenital
amputation of a limb or appendage. The amputee is classified according to the site (lI‘M level
of limb or appendage absence.

Similar to the cerebral palsied . the amputees hawe their own national body, provincial
associations and sport organizations. Amputces are cxtmpt from some international

competitions such as the Stoke-Mandeville Games, bul are Wcluded in the World Wheelchair

Sports competitions and scveral international sports eveats competitions.

There are cight classes of amputees, who are clawged according to their combination of
missing appendages. The visually apparent class distinctions make the amputee classification
procedure less cor;milc’alcd. Functional assessment of amputees' sports events is seldom
necessary. |

The equivalent amputec calss for wheelchair sports competition are:

class Al............. class i] wheelchair.basketball (2 pts)

-class A2, A, o class I wheclch'ai_r baskctball (3 pts)

-



f.S.O.D. (International Sport Organization for the Disabled)

Classification Code - Amputees

Class Al..ooveneeeeniannns

A = Above
B =Below

. Amputee Classification 1.5.0.D. Handbook, l.S.O‘I‘). Offic
1drottens Hus, S-123 87 Farsta, Sweden.,

Figure E.3 Classification C) Amputee

Double AK
Single AK
Double BK

Single AE

Double BE
Single BE

Combined lower plus upner

K
E

Knee
Elbow

limb amputations
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Spinal Cord Injured Classification

Spinal cord injury has been considered “one of the greatest tragedies of mankind”
(Goddman,”'l98§, p. 96). The spinal cord, located \;'ithin the vetebral column, is onc of the
most important'organs in animals and man. This large nerve is the nervous center for scnsm'y
control apd an essential link in the pathway for vo_lilional mo‘l.or L:O'HH'OI. If" the spinal cord is
crushed or severed by a knife, bu_lllct, thrombosis or spinal fracture at any level, the Tesult is
‘partial\or complete paralysis bcloW'Lh_c injury site. The degrec of temporary or permanent loss
of function is dependent upon the type of fracLurc: or damage to the spinal L"Ortl and the level
of spinal cord lesion. The physical potential the athlete has in terms of muscle strength,
[lexibility, powér. a‘nd balance are determined by these two factors.

‘The six class classification system of the spinal cord injured is based upon the medical
classification of spinal cord injury together with the athletes Functional abilil; in @hcir Sports
event. The quadriplegic has thé highest level of spinal cord injury ar;d is classified in classes,
IA, IB. IC, and II. Their respective levels of spinal cord injury arc: cervical spine levels Co,
C’/, C8, and thoracic I~vels T1 to TS5 (Figure V1:4).** All quadriplcgiés suffer from some
degree of paralysis to all four imbs. The para}alegics comprise the remaining four classes,
with injuries 10 the spinal cord at 't'hc lgvels of thoracic levels T6 to T10 (class 1i1), 1 oracic
'a'_nd lumbar levels T11 to L3 (class IV),_ and lumbar and sacral levels 1.4 1o S2 (cl:iss V). Class

VI spinal cord injured athletes compete in swimming'events only.
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CLASS 1A
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CLASS IC. —. -”
DL, THORACIC SPINE
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CLASS Il s
CLASSTV -~ LUMBAR SPINE
CLASS V SACRUM
(Adapted from McCormack, 1963, p.46)
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Appendix H: Quadriplegics and Temperature Regulation

Below their level of spinal cord lesion, paraplegics and quadriplegics do not have usual

_thermo-regulatory mechanisms. High level cervical lesioned quadriplegics are unable’ to

conserve heat by vasoconstriction or to lower body heat by vasodilation. Their level of lesion
intersupts the .ﬁ}undioning of thc autonomic nervous system. Unable to shiver or to perspire,

they have no uscful protective responses to hypothermic or hyperthermic conditions.,

AN

. . . . o} « . .
Quadriplegics, similar to reptiles, assume lﬁcmpcraturc of their environment (Bugke &

Murray, wheelchair athletes. o

@

. oat
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Appendix I: Reflections and Implications

A. Reflections

In retrospect, future research studies should be conducted in the field of wheelchair
Sports injtiry bccause: 1) information 'in this ficld is scarce.
- )
2) many myths reearding the wheelchair athietes’ suctcssl'ul
pcrformanccs,‘ training mcthods, and wheelchair dc.v\'ign.s exist,
3) and many of the astounding acconmﬁslnncnls of disabled
athletes have confuted the established medical limiluli(ms of
«these disabled athletes’ capabilities.
First, the ficld of wheelchair sports injury is a Broad and relatively unrescarched fietd.
The initial papers publ'iﬁged by rescarchers pionccring}in any new [icld of interest are little
morc than general descriptions of several variables. As in ihis dcécriplivc study, these papers
provide information which increases the fundamental knowledge ol the new subject matter,

and establishes the new ficld in the eyes of the general public and interested others. Once a

knowledge base exists in a new field, theorics can be postulétcd. and conclusions validated for

their accuracy and gencrality. 5

Second, scientifically sound conclusions;%f Spcci{’ic controlled rescarch studies would
replace much of thev trial and error judgements which customarily surround the relatively new
field of wheelchair Sp'oris. Once the ctiology of these sports injuries has been reported, the
athletes, their coaches,lthc sports medical profession and interested others arc encouraged to
delermiﬁc how these imjurics happeaed, whylthcy occurred, \d what r;ccds 1o be done to
prevent their recurrence. (M

Further rcsearch studies which focus on the athlctc, their sports-related injury
occurrence, wheelchair design, training methods, and recreational and sporting pursuits, do
not take away from_thc rcscarlch dedicated to discovering a cure for spinal cord injury. All

knowledge gained through research in wheelchair sports is beneficial to those disabled people

‘who are aclive in sports and recreation, those disabled people who are inactive, and the

147
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general population. The general public's interest in wheelchair sports dges not ‘take away from
their undcrstanding of, and dedication 1o spinal cord research. Research to find a cure, to
prevent the massive disabling effects damaged spinal cords have on the human body, is of
considcrable importance. However, likc many of this world's disabling diseases, the afflicted
individuals must learn to face their injury w,\ﬂf?d to cope with their life while a cure is being
discovered. Feasibly, "a cure for spinal corfl ‘ihjury may not be found within the next decade.

Many of today's disabled athletes will probably not witness the discovery or benefit from its

" application " (Hansen, 1988, p.G14)..

Third to copc with an injury as devastating to the human body as spinal cord injury,.
and to continue to succeed in life is a feat of great magnitude. The inedical profession in the
carly 1940's had little faith in the survival of scvere spinal cord injured peogle. Yet,
surrounded by the positive rehabilitative environment and atmosphere created through the
wisdom o)I' Sir l,',udwig Gutimann and his followers, many disabléd people not only lived but
demonstrated that a physical disability need not ;;revenl a person from reachwing the pinnacle
of excellence in sports (Crase, 1988, p. 4). Acceptance of the many challenges disabl'ed“people
face, requires not only a great deal of courage, but an enormous amount of self -confidence.
Sports have provided many disabled people with an avenue through which a positive
self -image can be fortified.

People who have _confidcncéml’n their personal worth, seem to be magnets for success
and happiness. Their continﬁed successful performances based on innovative wheelchaif
designs, modified sports cquipment, skill, and dedication to individualized training prografns
are tremendous. Each new worl.d‘record blurs the physiologically based limitations} set 'féch
disabled athletes. To relaiﬁ the respect of the medical profession in tﬁe minds an-d views of
disabled athletes, scicntifically conducted medical research must continue. Medical research’

1t begin to keep pace with the technological advances and the physical accomplishments of

the 'bled population and the impact these developments have on society's values and
/\,

Ve
.

belie”
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B. Implications AT

"

The following implications to future rescarchers in the field of whcclch:iit NI

sports medical personncl whceichair athletes, their coaches, the media, and the gener: il puhiu

are based upon the results of [hlb stud\ Just as cach of these groups has specific lnlkjL\l\ in

wheelchair sports, recommendations for their future contributions to this developing field are

- individual in nature.

“(i) Futurc Researchers

In the new field of sports medicine for whegkchair athletes, many more rescarch
papers neced to be written. Although the ground work has now been laid, few specilic topics

have been researched. Some of the suggested arcas for further research include:

6. ‘ effective training progréms and their effect on whcclchai&sporis performance,
‘7. the similarities of the ctiology of ablc-bogdicd and disabled :]T&H\ injuricg

8. | ‘the biomechanical analyses oi’ wheelchair sports events,
- 9. the ideal pathways and specilic techniques of wheelchair alhk‘lic.\.‘

10. the relationship of sport specific training and injury occurrence,

11. the relationship of wheelchair, injury occurrence and the effectivenessol

protective equipment worn in wheelchair sports,

Id

12. winter and summer climate and its affect on wheelchair athlctes,
13. effects of nutrition (pre-cvent, post event meals) and wheelchair athleies,
14. and the role of the wheelchair sports' coach.

Future ncscérchérs in the field of wheelchair sports, have several options for their

choice@f re‘scarc]h design, means of data collection, and statistical analvsis-. Fach rescarch

4

d651gn has its own limitatio&%, igzerc are additional specific limilamom in all rescarch studies
¢

,I!

.whose sample populauon is compriscd of disabled SUb]C(,lS Many of these limlldll()ﬂs arc

based- upon: the Yremendous variety and diSSimllgritiCs within the disabled population. Apirl '

from similar hair colour, scx, age, and dcmographic data, few (,hara(,lCHSllU. among dmblui

pé;;;pic arc easily comparablc Il:ls ihcrcl"orc strongly recommended that future r(,\(.df(_h(.fS in

V
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this field choosc a rescarch design that is well-suited to dissimilar populations. Perhaps in Lhé
ncar future, those who study disabled populations will use either a single subject case study or
a combination of both the qucsl';onnaire format and an interview process. The single subject
research design. is well designed to accommodate for the many dissimilar physfcal
characteristics and varicty of individual sports interests, skill levels, and equipment designs
(Watkinson and Wasson, 1985). The use 'ol" both a questionnaire and interviews could
elfectively climinate missing or inaccurate data. Although this research study boasted a
su‘cccssf‘ul pilot study and a remarkable 100 percent rcturn rate, a few gubjects had left
questions unansw;:.rcd or answcrcd questions inégrcctly. Interviews to the athletes, coaches
and sportsmedical support staff would compliment tﬁe_ infoymatiqn réporlcd“ on Lhc‘
questionnaire's open-ended questions. In this study, the areas most often lacking in completg
and accurate data were: injury diagnosis, spor,ts injury }’reatme_nt, and frequ.ency of injury.

For cxample.-the questionnaire section which reported the wheelchair athletes' participation in

different sports cvents was incdrrectly completed (Appendix C). Many athletes had reporwed a

$po. .. injury in a sports event for whiqh Lhe;_y had reported zero years of pértigipalion or
competition. Not 9nly would interviews c_omplimg:m the information reported on thg
qucslionnaircs',. but would scrve to .verit'yut'hc affects of individual style, technique, wheelchair
design and ambigpous influences on sports injury occurrence. It is recommended that future

‘ J %

rescarchers using the-questionnaire format, administer and collect the questionnaires at the

i

same competition. Th,djr}eags:f:r_'.t'iv‘enex:g?.:would eliminate a plausible low return rate. Although

this study had a high return ratc a-low return rate could have resulied from mail system
delays, subject negligence, or failurc to return the completed questionnaires.

The 513;1%1@.}1 package chosen to analy7e the gathered data may be limited by the

characteristicssn% the g*ﬁoscn rescarch design. Apart from single subject case studies,

rescarchers stg;dnng dlsabled populanons must overcome the small SUb]CCl subgroups which

Vv\,)l R

m;alc complc\ xtamuoa] ana]\ sis. In a stucﬁ wuh many varlables the statlstlcal analysis that
is possible is <§rw11mucd Basic debcrlpllve staustlcs calculatmg the mean, mode and median

' are the extent of the analysis. Thc stausnca.] smmﬁcanu s not oreat enough, and the

=
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contralled variables 100 few, to allow true cause-cffec relationships to be =r 1. - tudy
with few variables and more controls could lead  more advanced statistica. anslve s,
Therefore, it is implicd that future rescarchers using any rescarch design, except single subject
case studies, should increase the‘sizc df_thcir sample population. The larger categorical subject
population would enable statistical calculations of cause-cffect relationships within specific
subgroups such as disability classifications and particular sports CVEnLs. Detailed analysis ol
cofrclatioris amongst controlled variables in studics using large sample populations, would lead
to statistically significant conclusions.
p
A final implication fronj this study luture researchers is to usc‘disublcd_'pcoplc as

subjects in their studies. Customarily, rescarch studic;s on Lkhc disabled p()billalion physically
or mentally, have used a fnixcd sample population including varicties of disability types and
levels. However, some researchers have used able-bodied subjects in v‘vhcclchuir sports
research in an attempt to limit the su.lidy‘s variables (Hildebrandt et al, 1970; Franklin ¢l al,
1982; Tahamont et al, 1986; Brattgard ct a"l>, 1970; Glaser et al, 1978). Brallg:ml et al (1970)
further limited their sampch population’s gender to control their rescarch parameters. Just as
conclusions from scientific animal research do not always coincide with human reality,
research on'non-disabledsubjects may'nol accurately reflect Lhé cl;araclcrislics of disabled
_people.

(ii) Sports Medical Personnel

The primary and most important recommcndation to sports medical personned is to

become involved in wheelchair sports. Wheclchgi'r sports is a new and rap'id]y cxpanding ficld. .
Its growth can be measured not only by athlete popularity, and the increased size of the
wheelchair SPOTLs support stéff, but also by the increased awar'ckncss and interest of the

general public, and the numerous barriers wheelchair athletes have.overcome. These proverbial
barrie;s take the form of world rccords‘ which are continually shattered by faster timés and
greater distances, and the physiological parricrs which have been surpassed by the courageous

‘and daring efforts of these wheelchair athletes. In carlier years, medical doctors shared i



concern for the slow physiological recuperation of quadriplegics after strenuous ac..viocs.

They declined from encouraging these athletes from competition >in the longer track evéms
based on their prediction that these athletes would be very slow to recuperate from physical
exertion, if Lhéy recovered at all (Goodman, 1986, p. 97). However, these high level spinal
cord lesioned athletes are no longer limited to competing in short distéﬁcc 60 meter track
events. As reeently as 1985, quadriplegics not o"riy" completed longer distance track races, but

R o

clocked times of just over two hours (2 hrs 09miin 23 secs) in marathons (Alexander, 1985, p.

12).

As times changed, and wheelchair athletes cha%\ged" themselves beyond all previous

-

‘imagination in greater, nobler, and ‘more difficult- endeavours, therg¢ was a need for the

involvement of the sports medical profession. There is & continuuing growing demand for
sports medical support staff to contribute Phemselves, their expcnise and their w;:alth of
information to the ficld of wheelchair sports. Not only is their continued contribu£ibn to the
scientific literature impo-tant, but their excellent practical training in injury prevention,
emergency care, injury treatmént, and rchabilitatioh, is essential to the hcalth& development
of Canada's whcclchzﬁr athletes, and the careers of the athletic ;:lite.

It is rg‘gg'mmcndcd that sports medical support staff cleérly document the fitness
status of  wheelchair athletes. This fitness evaluation could be used as comparative data
Lhroughou{ the ;porls events' scason. Also, regula'r fitness testing in stren®th, cardiovascular
condili’or;, and anthropometry would increase the number of compiled statistics availablcf to
establish fitness. norms within cach disability class. Recent Caﬁadian research docuinenting the
muscular fitness of wheclchair athletes, based on isokinetic analysis, may soon publish
csml).lishcd norms of muscle strength, power, and endurance values for ¢&ch disability group. -

Another implication 10 the sports medical support staff of wheelchair athletes is ‘to
encourage salety in wheelchair sports. Proper désign, rhaimenancc and the use of protective .
cquipment and clothing is fundamental to injury prevention. Not only must th.c equipment fit

the athfete’s bod.\"s_"irzc‘ but it should be well constructed, durable, easy to maintain, effective,

and relatively inexpénsive. Many team sports involve collision ivpe injuries. These collision



¢ . .
, A "
injuries together with the great speeds attaird in sports events such as road racing, would

result in less serious injuries if appropria:2 protective equipment, such as helmets and gloves

- v . ‘{\g
were worn. _ . ) M

In hot or cold climates the effect v athe has on the athlete cam bc mlmmmd if
appropriate precautxons are taken. Thesc pre.autions include necessary fhuid uwvﬁe and ¥

appropriate ciothing. Sports medical personnel should be klmwlcdgcnblc u_bmll the
physiological temperature regulation limitations of high level spinal cord ihj{nr»vel'.'uhlcu-.\

(Appendix H). Thus, as support staff, Lhcy are cncouragcd to nionitor (hcs'c 'thluus in .,

climatic extremes during training and race events. b or C\ampk on days of hlgh ‘1'3Ymp :
and high humidity, the rol¢ of the sports medical su;gporl staff could include advising‘ r:f
officials 1o advance their race start time to bcforc sunrisc, or afterxthe full heat of the d..'.l‘:\'{
Additional roles on race ciays in hot condili’ons could be to ensure that the number of w.:ncr i -
stations, and first aid stations are plcnuful throughout the race course and at¥he hmsh Fluid
intake is. o¥ grave importance in hot, humld race environments, cspcuall) to those athletes
with altered tegpcrature regulati'on systems (Appendix H). !

I’ cold weather, perﬁaps future athletes iﬁ w.imcr sports ﬁompctirions will use
lemﬁerature sensors in their clOLhing. These sensors have betn tested by Rick Hansen (1950)
[hroughout the winter seasons of hls Man in Mouon Tour (Hansen, A 1987). Proven to

,‘ ,

successfully monitor temperature changes in dcscns:itizcd, paralyzed hmhs_ the scnsor-lndcn
winter clothing could pérhaps eliminate the threat of hypolhcrmm in wmlcr w huldmr SPOTILS
such as skiing, and sledging. In addluon to the threat of hypothermia and hypcrlhcrmn
injuries resulting from collisions, pile-ups, flat tires, or mechanical failuresof wheclchair parts
fnust be attended o by qualified emergency care personnel. Thus, it is recommended that the
sports medical support staff stock all first aid stations, especially at the finish linc, WiI'h
emergency medi(é;il care equipment and personncl in preparation for treatment of the virious

: { '
injuries which may have occurred throughout the race course.




»

(iii) Coach”
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"No Jonger is it possible for any cfoncerned member of the general population to
successfully coach a wheelchair athlete to nationaf or international success. The many

characteristics of a successful coach are the very recommendations of this study. It is implied

that the coach have technically sound, current information regarding wheelcheir sports,

. athletic performance, training programs, and wheelchair design. It is further implied that the

coach have a theoretical understanding of biomechanics, anatomy, exercise physiology,
nutrilionnnc{ﬂuid intake, proper techniques of stretching, appropriate sit/réng_th training
mcthods, ar(féiiga‘sic first aid principles. |
o

The Coaching Association of Canada offers both theoretical and technica’l levels ‘of
coaching. Completion of this basic criteria should be complimented by a vast knowledge base
in wheclchair sports. The coach needs to be knowlcdgcéble of specific sports equipment,
sporls wheelchair design, basic whcclch.air‘maimenancc, efficient sports specific techniques,
the proper use of protective equipment, and rgeans of injury-prevention .‘ The‘coach must be
aware of Availablc training centres for wheelchair athletes' access, where to obtain fitness
cvaluations for wheclchair athletes, o'rganizca Lcarr;s, sports training camps, competitions, and
G.umcs. In addition, the coach must know about current sports information seminars,
technical cﬁvinic@scic_miﬁc journals, and btl'fgr publications. Above all else, the coach needs to
be capable not only of c:mprchension of all of this material, but of its appliéalion.
One of the most demanding tasks facing a coach ‘is lo set up. for the wheélchair
alhvlgjt'cs., physio]ogically sound, individually prescribed training programs. Hop‘efully, in the
ncn'r;.["ul-urc. rcsqarch studies will be conducted that will provide substantial qvidence regarding
the :vcauscs of sports injury as influcnc¢d by training program protocols. Until these studies .
appear in the scientific literature, trial and error will continue to dominate the design process
of l'/hc wheelchair alhlclesf training program; many athletés and their coaches will contmue to

believe that the winner's training program is the best.

The coach is-also responsible for providing informative fecdback to the athletes

regarding the analysis of their sport specific techniques or styles. As the athletes’ level of



i successiand expertise heightens in a sport, 1cghnical crrors art" no longer blatantly obvious.
The srﬁall technical corrections are therefore highly rcl"incd changes. Often visual feedback,
through video analysis, is helpful in the process of idcn[ﬂif‘ying and reporting the, technique
analysis. Video analysis is a uscful tool, onc which has 'incrcascd in popylarity and use
amongst coaches of wheelchair athletes. Other forms of l'ccdbacl?dcsirablc to an athlete
inclﬁde fitness cvaluétion and sport specific lcsling. Tl;is skill l¢sti1ig could include the
athletes' performances in tests of speed, agilii:\‘-, accuracy, and pgrccplioh.

One last area the coach needs to be familiz %#gh is the svchological prepar:
VRN 15 tne p g ]

%

the athletes. Elite athletes often rely hcavil_y-ﬁpon good mental imagery skills to complimefi

their fitness and skilled technical ability. Skilled mental imagery involves both the ability fo 1o

chus on a task of great importance, anq the abili‘lyblo reproduce the exact atmosphere,
at{itude and skilled movement sequence o.l' a past victorious performance. How well athlctes’
focus on their task reflects their ability to interpret and handle pressure situations in sports
and influences their final outcome in sborls competition. Recently, many able-bodied sports

organizations have appointed a sport psychologist 1o assist. their athletes to deal with these
(

obstacles (Monahan, 1987, p. 203). Perhaps, in the near future, national organizing bodices of
disabled sports will appoint a sports psychologist to accompany the wheclchair sports teams 1o

elite wheelchair sports competitions.

(iv) Wheelchair Athletes . ’ -

[ C A
. ,w.

¢ @’

The prlmary implication from this study Lo WhCCl(.hle alhlucx 150 lud an. nhle

M

career which is relatively free of spoits mJuncs The staustics of 1h1s sludy rcp()rlul lh il the 1
safest sports: sallmg riding, scuba and snooker recorded no mjums Whl](, Alhlues mvnlvui
in slalom or riflery reported onlv one sporls injary. Thcfmost dangcrous whulch.ur spon
basketball, had an injury rate of 1.91. One of the most populare‘sporls : lr:u;;k cvcms wuc :1.l-.<>
hlgh (1.12) in injury incidence. Allhough the tcam sports 01 baskubdn Udck ‘ and ruyh. arc
amongst the most exciting and popular the newcomer Lo whcclchmr (ﬁhlq,ms would hive he

least chance of sports injury in the individual sports of archc'(_\"‘_v m'l'lcry, slalom,_‘_or satling,
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~ niding, scuba and snooker.

In conclusion are 7 im’plications from this study to wheelchair athletes who

participate, competitively or recreationally in wheelchair athletes. These implications pe(tain
St

t

-

to injury prevention, fitness training, wheelchairs, sports equipment, and the environment.

1.

It is implied that wheelchair athletes seek medical advice from available sports
mfdical }lcrsonncl regarding sporis-related injury, its first aid treatment,
rchabilitation, and futurc prevention. Preventitive measures should be (aken
regarding proper warm-up and regular stretching routines. Athleies may often
unknowlingly place themsclves at risk of sports injury. Athletes who _#
consciously ignore early signs of an injury or omit appropriate warm-up or
stretching excrcises predispose themselves to sports injury. exercises. Once
athletes detect :;g;qs of‘an injury, or require first-aid for an injury they should
immcdiatcly'_gq'ft’ aségrss medical personnel. For elite athletes, injury-free

‘ ¢ F o tv’.‘ “ : :; .
time is crucial._"I_"h”é" spotts medical support staff member is trained to assist in

i

2

the treatment and rchabilitation of injured athletes while maintaining the

athletes' aerobic conditioning and skill level. »

-

To ensure athletes remain in top physical form, they are encouraged to yﬁg}“'
partake in a balanced, personalized yearly training schedule. All athletes must
demand from themselves a committment to sports safety and a dedication

toward their total body Titness through the practice of sound training regimes.

Like all athletes, fit wheelchair athletes can reduce the likliehood of

sports-rclated injury in their wheéelchair sports career. Good thtal body fitness
involves sound praetices g{idictar}* habits, strength, power, and endurance,
. Y i . 1. -

&

o . L e ¢ - .
_low percentage of body fat, and an efficient, well-condition&d cardiovascular

system. R -
To limit the development of unnecessary overuse tyﬁn_iurics‘ the athletes

' A
together with their coaches should monitor the training site and surface. The

dircction of travel both on the track and on the shoulders of deserted roads
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should vary. They will want to avoid training on roads ‘where the grade of the
shdulders is steep, and preférably train longer distances with cqual numbers of

corners in each direction (i.e. both directions on a track). Athletes who train

£

on roads should choose those roads which are less busy. The ghance of
Pe ~ +

accidents with other vehicles decreases haarkcdlﬁ' when training takes place on
deserted or less frcqucmly travelied paved roads.

Fourth, it is implied that wheclchair athlctes continue to invest time and
energy into the discovery of the most cfficient, well-constructed, sport
specific, w.}‘eclchair designs which ensure proper ihdividual fit. The design of
sport specific wheélchairs should continuc to ensure propu"/r individual [t
accofding to the variation in body dimcnsion‘s, "L::Boc relatively tight, vet
durable, and Wcll-suitcd 1o the demands of the sports event. The design of the
wheelchair must also cdfnp]_v with the rules of wheelchair design specified for
each sports cvent. |

The lifth guideline for wheelchair athletes is to acquire and wear protective

;~equipment which provides protection against the dangers associated with high

- speed travel such as helmets, and gloves. Protective equipment and clothing

are an important means of injury prevention. Equipment which pr()vidc.;
protcction against the dangér_ous injuries associated with high spc‘cd travel
should be purchased and worn in sports cvents including road racing, downhill
sledge skiing, and wheelchair rugby. Although wheclchair rugby players do not

attain the same high speeds as road racers or sledge skicrs, they are often "out

.ol control’. Due to their high lc}ion level, q"uadriplcgi‘c rugby plavers have

poor balance and a slower hanid-cye rcaction time. These are a conscquence of
their general lack of upper limbYand postural muscutature. Thus to offsct theis
chance of injury, it is recommended that appropriately sized and designtd

protective equipment be worn.
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Sixlh,_whcclchair athletes should Idress appropriately for the climate and heed
wc;ﬂhcr réstrictions on cold and windy or hot and humid race days. Protective
clothing a.nd f]oid. intake, appropriate to the differom climatic conditions of
$ports events compelitions and races, are invaluable in the prevention of the -
potentially serious conditions of hypothermia or hyperthermia. In addition to
the regular human risks of cnvironmental extremes.such as, cold, dry weather

or hot and humid weather, spinal cord injured people are al a greater risk

(Appendix H). In the cold, lack of sensation or movement of extremities

hasten the development of the symptoms of frostbite or hypOthe:mia‘. I;goking"

temperature reg\ilatorv, mechanisms, such as vshiveri/ng, these athletesimust”us& cet

7
man-made temperature rcgulauon mcthods For example, cold sensor body

suits, designed by rescarchcrs at the Umversuy of Victoria, have been

extremities. Rick Hansen wore such’a"successfui coldktemperature‘ moniloring
suit on the wintry days of his Man in Motion Tour Lhroughout 1985 1o 1987
ln hot and humid weather, [luid intake and approprlate are equally
important. Sufficient fluid intake pre-event and-during the compeuuon i
csquﬁ\\u}’to)*malnta1n the body's l\‘luxd level, and 10 aid in cooling the body In

NS
addition, llghtwcxghl lmht coloured breathable material are characterlstlcs/of

hot wcather clothing appropriate for athletic compemlon in warmer climates.

Finally, the athletes must obtain a coach, sports medical personnel, and access

to fitness evaluation. The coach should have ihe knobwledge and expertise 'lo
provide technical fecdback on sport specific techniques, to arrange regular -
fitness testing, and o prescribc individually designed, yearly training schedules
for all wheclchair athletes. The coooh should have an education, interest, and

general understandirtg of sports injury, wheelchair sports and equipment.

. Access 1o sports medical personnel who are willing 16 administer appropriate

first aid care and rchabilitation to wheelchair athletes with sports injuries

»

successful in monitoring the temperature at several locations in paralyzca IR
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should be found. Regular fitness testing which monitors wheelchdir athletes'
muscular strength, endurance, power, cardiovascular condition, and
anthropometric dimensions should bevcomc'thc joint responsibility of the
coaches, the sports medical staff and the athletes. ' &;:@
(V) Media and General Public

The primary implication to the gencral public is to become more aware ol the
accomplishments and potentials, of wheelchair athletes. Although it is difficult to objectively
measure society's changing attitudes towards disabled people, the plibifc support of wheelchai
athletés and their accomplishments is symbolic of socicty's new attitude. That wheelchair
sports exist al the international and Olympic level illustrates the tremendous effect wheelchan
»‘ sports have had on the li'v‘es of physically challenged people.

. Many wheclchair athlctcﬁvarr‘c indebted to wheelchair sports for their learned
indeper'ldehce and their charactc’r' .dei}éiopmcnt. The c.\'pcricncés gained through sports
competitioﬁ and participation have developed integrity, self -confidence, self-esteem and a
greater awgrgness of the limitless number of activitics for disabled participation. Fven alier

~ their athletic careAer'p’erformanccs have peaked, many of thesce athletes remain associated with
‘wheelchair sporis -fulfilling l;adership roles in administration, wheclchair manufacturing,
}research, coachi‘ng,‘sup'port staff, and always as fans. -
The inclﬁsion of international wheclchair sports and Olympic Games for the Disabled
1$ a statement o'l; public aéccptancc of competitive diséblcd athletes. Throﬁgh inlcnsc‘mcdin
coverage of disabled sports ‘co.mpctlition's, pgrsonalitiés, and current research the twenticth
, century will cohtinuc 1o accept physically challenged people as integrated purlicipum‘x within
all walks of life. "thelchair athletes have demonstrated that a physical disability need not
prevent a p'érson f'fom reaEhing the pinnade of exccllence” (Crase, 198%, p. 4).
Although wheclc‘hair sports are relatively new, the {lashy wheelchair designs,
numerous competitors, presen}cc of sports injury, and public support all demonsirate the

mcchanical,bphysical.» social, and psychological benefits that have resulted .
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-hanically, the innovative wheelchair designs have led to an increased variety of

cveryday chaits, an improved methoed of wheelchair sizing, and an increase in the numbers of
manufactur€rs. Wheelchairs can now be measured to each individuals' body ‘Adimensions, suiﬂted
to the demands of éacfr sport, and can be tailored to fulfill indis)idual preferenées of colour
and comfort. The large number of wheelchair models and sports equipmemt available to
disabled sports enthusiasts is an indication of the challenge's undertaken by these individuals.
Their positive outlook, charagter, idc‘als. values, and attitudes are reflected in the flashy,
sporty, dynamic, and coleurful sports wheelchairs and s"ports; equipment. Their wheelchairs
have become an cxlcns(i%rf of themselves.

Socially, the interaction between others who are more' disabled, or less disabled has

encouraged sharing of learned skills and material adaptations or adaptive devices. Competition

amongst those of similar disability has encouraged comaradaric and has challenged these
athletes to break barriers and exceed previously set limitations.,,

Psychologically, athletes have developed a positive self -image of themselves through

~ race and sports evenl victories, and pcrsonal achrevcmems in wheelchair sports participation.

!
The independence gained through wheelchairs, modified sports cquipmem’», and the buoyancy

ol waler, logéthcr with the unqucsllionving acceptance of other disableq péople, has elimirr;ned
many obstacles and barriers. Disabled athletes approach proposed limrrations, physi¢é] barriers
and obstacles with assuranc¢’and self - conﬁdcncc for their successful compleuon Over the
years, sports have bccome an integral part of their lives. Now mam drsabled athletes
approach life's obstacles in other avenues with the same energy, énphusiasm. and
determination as they mel the challenges of sports. Marty Ball, an international wheelchair
athlete, noted that the "improvements in sclf -image and confidé:nce (gained through sporLs
mrnupatron) are an 1mportam carry-over into evervday hfe" (Ball, in Duda, 1985, p. 157)
The experiences gained through wheelchair sports partrcrpauon have assisted drsabled athletes
to prepare and o learn to overcome many simrlar obstacles and challenges present in other

seetors of life,
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