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Stair climbing has becomeapopular form o trainingfor athletesaswel asnon-
athletes. Considering that therear e a plethoraof devicesfor stair dimbing. how does
aperson decide which appar at us to use? Asidef romissuesof practicality, much of the
decisioncould be based on theprinciplesof specificity of training. Thatis, formaximum
transfer of benefitsfrom oneactivity to ancther, theactivitiesshould becompatiilein
theusageof energy systems, musclegroups, and patternsof coordination. Asfor thefirst
two criteriadf specificity,the choiceissmple amost all stair climbing devicesare
beneficial to theaerobicenergy sysem and theleg extensor muscles. However. for the
criterion of coordination, the choice may be more difficult. First, the reasons for
exercising on stairsare diverse. They can range from cross-trainingfor the serious
athletewho wishesto gain acompetitiveadvantageto reconditioning for theinjured or
elderly person who wishes to safdy negotiate the Staircase at home Second, little is
known about thepatternsaf coordinetion thatareemployedin legextensoractivities. To
date, only jumping (Bobbert & van Ingen Schenau, 1988; Hudson, 1986) and speed
skating(Koning et al., 1991) havebeenandyzed in termsaf intersegmental coordination.
From thedatadepicted in these Sudies, it gppearsthat thethigh and shank operate with
predominants multaneity in both thesetasks. Thatis, thethigh and shank both beginand
end their propulsivephasesd  goproximady thesametimes. Presuming a volleybdl
player wanted to reinforce a smultaneous pattern o coordination, do either stair
machines or staircases afford this opportunity? Presuming a person with a hip
replacement wanted to rehabilitate with a stair machine. do certain stair machines
compare morefavorably with staircasesin termsaf coordination? Togan insghtinto
these and smilar questions, the purpose of this sudy was to investigate patterns of
intersegmental coordinationin different modesd stair climbing.

METHODOLOGY

The dtair climbing devices for this sudy were chaosen from the categories of
dependent machine, independent machine, and conventional Saircase. Thedigtinction
between dependentand independent machinei sbased on themethod of step-ratecontrol
during exercise. For dependent devicesas well as staircases, theregulation o step-rate
is dependent on the exerciser; for independent devices, which are controlled by
computer, theregulation o step-rateisindependent o theexerciser. In thisstudy the
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dependentcategory d stair dimbingwasrepresentedby the PRECOR 7.4 machine. The
independent category weas represented by the TETRIX CLIMBMAX and the
STAIRMASTER4000 machines. The final modeof stair dimbing wasrepresented by
afive-stepstaircase. Becausethesarcasehad a riser heightdf 19cm, the stair machines
were condrained to a similar ranged mation by placing wooden blocks benegth the
seps. In addition, theresistance 0N the mechanica devicesweasset todlicit an exercise
intensity of 9 mets, and trids were continued until this seady State of exercise wes
reached.

Two adult femaesserved as subjects. Bath were habitud exercisersfor health-
rel ated fitnessand were experiencedat usngstai r climbing machines. Eachsubject wore
close-fittingexerciseattireand reflectivetagpeon theright hip, knee, andankle. Subject
1 performed in dl four stair conditions (i.e., PRECOR. TETR X STAIRMASTER,
STAIRCASE) whileSubject 2 performed only on the PRECOR and TETRIX machines.

For each stepping condition a laterd view of the subject was videotaped. A
representativestridefrom thesteady-state periodof exercisewasdigitizedand smoothed
with the PEAK PerformanceM easurement Sysem. After theangular velocitiesd the
thigh and shank segments were calculated, the extension phase of theright leg was
anayzed. Foreachsegmentt he interval from zero velocity to pesk velocity wasdefined
asthe period o propulson,and the interval from peak veocity to zero veocity was
defined as the period of post-propulsion. If the thigh and shank ssgments were in
concurrent propulson during extens on, the movement was conddered to be smulta
neous. If the thigh segment concluded propulsion as or before the shank segment
initiated propulsion, the movement was considered to be sequentid.

RESULTS AND DISCUSSION

The angular velocities of the right thighand shank foreach subject and stairdevice
axe depicted in Figure 1. For Subject 1 on the PRECOR machinet he thigh and shenk
began propulson at essentidly thesametime (0.35 s). Next. the shank reached pegk
velocity and ended propulsion dightly before the thigh. Finaly, both segments
concluded thephase of pogt-propulsionat thesametime. Thus, thethighand shank were
operatingsimultaneoudyfor thissubjectand thismachine. The patternof coordinaion
for Subject 2 on the PRECOR was dso smultaneous during propulsion and post-
propulsion. Both subjectshed distinct adjusments near theend o the post-propulsive
phase. Subject 2 dso demondtrated an irregularity in shank velocity near theend o
propulson. Apparently thisirregularity is symptomatic for Subject 2 becauseit dso
occurred when she exaercised on the TETRIX. Neverthdess, she was able to initiate
propulsion and terminate post-propulsion smultaneoudy. Althought he shank reached
peak angular velocity somewhat before the thigh, this pattern o coordination vias
predominantly smultaneous. Subject 1 initiated propulsion on the TETRIX with the
thigh prior to the shank, but both ssgments ended propulson and pod-propulsion
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Figure 1. Angular velocity of thigh and shank in each condition.
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simultaneously. Once again, both subjects had distinct adjustments in velocity n wi the
erd of post-propulsion. While these adjustments are likely related to shifting weight to
the left pedal, both subjects reported subjective impressions of awkwardness on the
TETRIX. In sum, with the exception of minor idiosyncrasies, both subjects demon-
strated similar results ON both machines. Although the coordination patterns elicited by
the dependent PRECOR and the independent TETRIX were predominantly simultaneous,
the pattern from the PRECOR was closer to perfect synchrony.

The velocity pattern from the independent STAIRMASTER was initially similar
to that from the independent TETRIX. In both cases the thigh began propulsion about
0.1 s before the shank. At this point the pattern from the STAIRMASTER deviated in
that the thigh velocity ¢ we contained twin peaks. The first peak was of higher
magnitude and occurred at the sameduue that the shank initiated propulsion. The second
peak was coincident with the termination of propulsion in the shank. The existence of
twin peaks complicates the interpretation of coordination. Using a strict interpretation
of propulsion (i.e., fem zero to maximum velocity) the thighended propulsion uben the
first peak was reached. At that point the shank began propulsionand the pattern could
be classified as sequential few proximal to distal. However, at about .6 seconds the
thigh resumed propulsion and worked simultaneously with the shank until they both
ended propulsion about .15 s later. Taken together, the movement on the
STAIRMASTER could be classified as part sequential and part simultaneous. The
adjustments in velocity n w the end of extension that ek elicited by the PRECOR and
TETRIX were not evident with the STAIRMASTER.

The twin peak pattemn was not unique to the STAIRMASTER: It occurred 0N the
staircase as well. In fact, the velocity of the thigh was quite similar on the two devices.
The primary difference between the devices was in the pattern of the shank. On the
staircase there was a (.3 s delay between the initiation of thigh propulsion and shank
propulsion, and the shank continued in propulsion for 0.1 s after the thigh terminated
propulsion. From the time that the thigh initiated propulsion until the time that the shank
completed propulsion, there e R intervals of thigh-only, neither-segment, both-segment,
and shank-only propulsion. For lack of a suitable classification, this pattern could be
called part sequential and part simultaneous.

CONCLUSIONS

Within the limitations of classification, the patterns of intersegmental coordina-
fon in this study ranged Geww essentially simultaneouson the PRECOR to predominantly
simultaneouson the TETRIX to part sequential/ part simultaneous onthe STAIRMASTER
and staircase. Because the PRECOR elicited an essentially simultaneous pattern of
extension in the thigh and shank, this machine might be appropriate for athletes who are
cross-training for jumping activities. Both the STAIRMASTER and the staircase
elicited complex but relatively similar patterns of coordination. Consequently, the
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STAIRMASTER might be appropriate for an individual who is rehabilitating for
dimbing sairs.

REFERENCES

Bobbert, M.F. & Ingen Schenau, G J. van. (1988). Coordinationin vertical jumping.
Journal of Biomechanics, 21, 249-262.

Hudson, J. L. (1986). Coordination of segmentsin the vertical jump. Medicine &
Science in Sports & Exercise, 18, 242-251.

Koning,J. de. Groot, G de, & Ingen Schenau, G. J. van. (1991). Coordinationof leg
muscles during speed skating. Journal of Biomechanics, 24, 137-146.



