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An emerging body of literatureisdevelopingon performance related aspects of
ahletes who are quadriplegic as aresult of a spind cord injury. Individuals with
quadriplegicinvolvement arethosewho havesomedegreeof pardysisinall foyr limbs,
and whaseinjury occurredin theareadf thecervical vertebra. The amountof remaining
innervetion varies as is reflectedin the anatomica classification system useq by the
Nationd Whedchair Athletic Associdtion.

Athletes who are quadriplegicare classified asClass |A, IB, and IC. Class 1A
ahletes have involvement of both hands, weaknessof triceps, and severe weakness of
thetrunk and lower extremitieswhich interferessignificantly witht r unk balance and the
ability towak. Theinjury hasoccurredaroundCS. ClassIB athleteshavesustained an
injury around C6 or C7, have less involvement of the upper extremities than Class 1A
ahletes, havenormd or good tricepsand agenerdized weakness of thetrunk and 1ower
extremities. Class ICathleteshavebean injured around C7 or C8, haveinvolvement of
the upper extremities, have normd ar good triceps, normd or good finger flexion and
extendon, but lack intrins ¢ hand function,and have generdized weekness of the trunk
and lower extremities(Sherrill, 1986).

Reported studies on athletes with quadriplegic involvement in the areas of
physiology, stroke technique, and andysisdf performancetimesconfirm that several
parametersfor quadriplegicsdiffer from those reported for paraplegics. Differences
havebean reported between parapl egicsand quadriplegicsin the areas of cardiovascular
and cardiorespiratory efficiency, muscular strength and endurance, anaerobic power,
and training responses(Wells & Hooker, 1990). Longer stroke time, Smilar ratio of
propulsion/recovery as a percentage of tota stroke, lower stiroke frequency, lower
velocity per cydle, and less handrim contact range of motion were observed for
quedriplegic subjects compared 1o athletes with pargplegic involvement propelling a
racing chair on aroller sysem (Gehlsen, Davis, & Bahamonde 1990). Many of these
findings weresimilar to those reported by Ridgeway, Wilkerson, and Pope (1989) in a
field based studyon propulsion patternsin a100-m sprintduring competition, indicating
that the velocitiesdf quadriplegicswerelower than pargplegicsover | distances, and
that Class 1A ahletesdiffered from Class 1B and IC athletes (Coutts & Schytz,1988;
Higgs, Babstock, Buck, Parsons. & Brewer, 1990).



Two strokes are typically used by athletes with quadriplegia and are described by
Adams and McCubbin (1991). The traditional stroke uses palm pressure to apply force
to the rim of the wheel using shoulder depression. For this technique 1o be effective,
strong wrist flexors are needed Jo bring the hands in toward the wheel. The second stroke
that is used by many athletes with quadriplegia is the backhand technique, which does
not require strong wrist flexors or gripping ability, Typically in this stroke, the athlete
will wear a glove which is covered with a thick rubber pad on the back. It is the back
of the band that is actually in contact with the n w of the wheel, usually Aew just behind
the top of the wheel and down the front of the wheel nwen wthe bottom of the rim.
Alexander first described the technique and muscle involvement in the literature in 1985
and 1987. Theuerkauf (1987) described the backhand technique from a coaching
perspective and emphasized the gains in speed that have been possible as a result of
athletes learning and perfecting its use.

From the information described in reviewing the existing literature, it can be seen
that there are a number of differences in wheelchair performance characteristics ol
athletes with quadriplegic involvement, including physiological responses, perfor-
mance times, and stroke characteristics. In order to further understand the unique aspects
of quadriplegic stroke propulsion, it was the intent of the study Jo investigate the
contributions of the upper extremity segments in relationship to overall stroke perfor-
mance during a competitive situation. No literature has been lound investigating the
sequence of velocity patterns used byl athletes with quadriplegia. Therefore, the purpose
of the study was © examine the segmental velocity patterns of propulsion used by
experienced wheelchair athletes with quadriplegic involvement. Research questions
included: (9) did an identifiable pauem of increasing velocity exist in the upper
extremities in wheelchair propulsion, (b) was there a pauem identified with faster
wheelchair velocity, or did athletes with better performance times display patterns
different from those with slower times, and (©) if patterns existed, how were they similar
or different Aew reported patterns for paraplegic athletes?

METHODOLOGY

Data were collected during competition ataregional track and field meet. The four
subjects included 2 males (IB, IC) and 7 females (IA, IB) who had spinal cord injuries
resulting in quadriplegic involvement. Data were collected using aPanasonic high speed
shuttered video € uiem with 1/1000 shutter factor operating at 30 fps. The camera was
on a tripod in a position to obtain the left sagittal view of the racers during each lap of
the race.

Variables included wheelchair velocity, absolute segmental velocities of the
upper body (upper arm, forearm, and trunk) during propulsion and recuvery, and the path
of the band during the stroke cycle, including position of wben thebondw eonando b
the rim. For discussion purposes, the propulsion cycle was considered to be wben the
band was in contact with the pusb nw, and the recovery cycle was wben the band was
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off the push rim.

Video recordingsas subjectsmoved right toleft were viewed using a Panasonic
videocamerarecorder interfaced toan 80286 computer. A FreezeFramecard was used
asthevideoframegrabber. TheKansasState University Film AnalysisSystem (Noble,
Zollman, & Yu, 1988) was used for data reduction and analysis. Deta were smoothed
using asecond order recursiveButterworth digital filter set proportionally to sampling
rate.

RESULTS AND DISCUSSION
Selected graphsof the upper armand forearm segmental angular velocitiesand
correspondinggraphsaf the resulting wheel chair velocitiesare presented in Figures
1-4. In examining the graphs, specific points of interest include:
1. When did pesk forearm vel ocity occur in relation to peak upper am velocity.
and alsoin relation to pesk wheelchair velocity?
2. How did the magnitudedf the dopeof theline avay from the zero baseline
compareduring flexionand extension movements?
3. How similar were the graphsfrom onelap to the next?

For thefirst lapof Subject 1 (seeFigure 1), who wasaClass|C mdeathletewho
used thetraditional propulsionstyle, pesk forearm velocity occurred immediately after
hand off a thebeginningof therecovery phase. Peak upperarm velocity occurred during
themiddleof the propulsive phase. Whed chair velocity continually increased through
hand contact and pesked at hand off. A very similar pattern was seen during the third
lap. Peak forearm velocity occurred just right after hand contact, and agai n, pesk upper
arm velocity occurred during the middleof the propulsivephase. Wheelchair velocity
followed the same pattern, continualy increasing, and pesking @ hend off. The
magnitudeof thecurves, however, wasnot aslargeasin thefirst | ap, nor wasthevel ocity
of thewhedlchairashigh. Duringthelastlapdf therace, asomewhat similarpattern was
seen, but with some differencesin the magnitudecof theslopesd thecurves. Forearm
velocity was somewhat higher in thislap toward theend of the propulsive phase, rather
than in the beginning,and the magnitude of theslopemoreclosely resembled that of the
firgt lap.

Subject 2 (see Figure 2) wasan internationa Class|B femal ecompetitor who used
thebackhand technique. Peak forearm vel ocity occurred just prior to hand contact, while
peak upper arm velocity occurred during the propulsive phase. Wheel chair velocity
gradually increased and then leveled off during the propulsive phase, and then dightly
increased and pesked during the recovery phase. During her fourth lap, pesk forearm
velocity wasachieved just prior toand at hand contact,and asimilar magnitudewasalsg
seend hand off. Peak upper am velocity occurred again during the middleto last half
of thepropulsiveperiod. In both [aps, the magnitudedf theforearm vel ocity curveswas
similarin both directions, while that of the upper arm curvewasdightly higher during
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Figure 1. Subject 1: Patterns of upper arm, forearm, and wheelchair velocities during a 1500-
M race. Note: HC= Hand contact and beginning of the propulsive phase; HO = Hand off and
begimning of recovery phase.
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Figure 2. Subject 2: Patterns of upper arm, forearm, and wheelchair velocities during a 1500-

M race.
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Figure 3. Subject 3: Patterns of upper arm, forearm, and wheelchair velocities during a 1500-
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t he flexionsagment. Again,whedchair velocity followedasimilar pattern asin thethird
lap, but was not as high.

Subject 3(see Figure3) wasaClass IA femadewhoisaregiona competitor usng
t he backhand technique. Unfortunately, typica of fieldresearch,ev entsoccd where
only her second lap was usablefrom thefilm. She hed amuch longer strokecycle than
subjectsl or 2 with along recovery period and very short propulsiveperiod. Shewas
considerably more limited in her shoulder movements than were the other athletes
dtudied, so hertime on therim wasshorter, fromabouta12:30 positiontoa 9:30 position.
Thepath o her hand over therim wasmoredf ashuttlepatiemn cutting acrossadiagona
diameter of therim of t he whedchair. TheIB and ICahletescircled the rim from about
a12:00 to7:00 position,and then used e bow extens onfoll owed by shoulder extension
and dbow flexion during the recovery period. Subject 3's pesk forearm velocity
occurred just prior to and at hand contact, and her peek upper amveocity wasduring
the last segment of the propulsive phase. Whedchair velocity was fairly consistent
across the stroke, dropping off dightly towardt he end of t he propulsive period.

Subject 4 (see Figure4) wasa Class 1B mde nationd level competitor. During
histhird lap, pesk forearm velocityo ¢ ¢ dd hand off, while peak upperarm velocity
occurred during the middled the propulsiveperiod. Whed chair velocity continued to
increase, pesking and leveling off during the propulsiveperiod, decreasingdightly at
hand off. In thefourthlap, the foreerm segment was moving considerably faster then
it was during the third 1ap, dthough the upper arm was moving a about the samerate.
Reak forearm vel ocity wasachieved just prior to hand contact, whileupper arm velocity
wasachieved during themiddledf the propulsiveperiod. Peak whedchair velocity was
achieved during theend of the propulsiveperiod, and then began to decrease.

Findingsindicated thet identifiablevel ocity patterns did exist In every instance.
pesk forearm vel ocity preceded peak upper arm ve ocity by gpproximeatey two to four
frames. Also, thevelocity of theforearm wascons stently higher than that of the upper
arm Bothdf thesefindingswould beexpectedsincetheforeermisthedistd end of the
segment. Secondly, t he contributionof theforearm gppeared to be moreinfluentia then
the upper arm in overall strokeefficiency with thequadriplegicathletes. Themagnitude
of theforearm velocity curveswassmilar in both directionsof flexionand extension,
indicating that theforearm isconstantly generating momentum during both propulson
and recovery. The magnitude of the upper arm curve was higher during the flexion
segmeent, indicating that itsgreatest contributionisin thedriving or propulsvephasedf
thestroke. Thiswasdifferent than what wasobservedin an earlier sudy with paraplegic
athletes, where upper armand foreerm vel ocitiesappear tobe moresimilarin magnitude
in the graphs of an internationa paraplegic competitor in a Smilar event (Pope. &
Wilkerson, 1991). Additiondly, changes were observed in these paterns during
different stages of the race. The magnitudes of the upper arm and forearm ve ocity
curvesweresimilar during thefirstand last lgp for bath subjects1 and 2 (or in the case
of subject4 the magnitudewasgreeter during thelast 1ap), but the resultingwhed chair
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Figure 4. Subject 4: Patterns of upper arm, forearm, and wheelchair velocities during a 1500-
M race.
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velocity wasnot as highduringthelastlgp. In other words, the ssgmentsare movingas
fast, but may not be generatingas much forcewhen the hand ison the rim which would
indicate that fatigue could be a factor.

CONCLUSION

In closure, identifiablevel ocity patterns did exist; thecontribution of theforearm
gppeared to be more influentid than the upper amin overdl strokeefficiency; and
changes were observed in these patternsduring different stages o the race. Further
studi eswill beconducted usingalarger subjectpoal inan experimentd setting with high
goed film wheretheathletewill propd thewhedcharonasat of rollers. Theseinitial
field-based findingswill then be compared to thelab-based findings. Itishoped that by
identifyingand describing thessgmenta contributions of theupper extremities, coaches
and athleteswill beableto usethisinformationasancthertool in trainingand improving
the performanced athleteswith quadriplegicinvolvement.
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