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INTRODUCTION

The purposeof thisstudy wasto determineif adding complianceto the
bench used in step aerobics routines would decrease the stress on the
muscul oskel etal system. Thestressesareimposed by theshock of theground
reaction forces (external) and due to joint compression caused by muscles
attemptingto absorb and generateforces(interna). Injury hasbeen related
to theamount of force and thefrequency of forceapplication (Radin et al.,
1973). Repetitivestrain wasnot aprimary consideration in thisstudy, but
it was hypothesized that acompliant surface would distribute theimpulse
of landing such that the pesak force would be attenuated and the rate of
forceloading would a so be reduced. ‘

METHODS

The present investigation involved four experienced step aerobics
instructors. Each subject petformed two types of stepping exercises at a
cadence of 120 beats per minute. The moves involved a simple step up
onto the bench with theright leg followed by a step back down aso with
therightleg. Thesecond movewasa propulsionmovein which aleap was
performed off the right lead leg followed by alanding on the bench with
the sameleg before stepping back down with theright leg.

A compliant bench was constructed with similar dimensions to the
traditional rigid bench. The major difference wasthat the compliant bench
had an arched top of plywoodthat would deform by becoming moreflat as
it wasloaded. Thestiffnessaf thetop wasabout 16 kN.m-1. Each subject
performed each move on each bench for several minutes with data being
collectedduringthelast 30 seconds. Theorder of bench typeswasrandomly
set and fatigue was controlled by not alowing any of the sessionsto last
morethan 5 minutes and giving plenty of rest between trials.

Two force plateswere used in thisstudy. Forceplate1 was situated on
theground infront of the bench and measured the ground reaction forces
asthe subjects stepped off of and back onto theground. Force plate2 was
located under the bench with asteel frame so that thereactionforceson the
bench could be measured. Thedataweresampled at 100 samples per second
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and-ensemble averaged over 15 steps for each subject and each task to
obtain a representative record and a measure of the variability. The
representative record was andyzed for peak forces and each individual
step was analyzed for therate df riseof force. Therate of rise of forcewas
processed by filtering out the high frequency noise of the force channel
and differentiating the signal with respect to time.

The electromyographica activity (EMG) of the knee extensor muscles
of theright leg was aso examined. Since the bone-on-boneforcesin the
knee joint are based on the reaction forces from the ground plus the
compressiveforcesof the muscles, it wasthought that if theactivity of the
muscles was higher when exercising on one benchthenit would beevidence
of apossiblecauseof injury.

An additiona 11 healthy subjectsof recreationa caliber participatedin
a step aerobicsclass of one hour duration. During the class, each subject
|eft his/her stationtemporarily to performthetwotypesof steppingexercises
on therigid and compliant benches. Each subject performed both moves
on each bench twice during the class.

Thefirst time the subjectsperformed the moves wasearly in theclass
and the second time was near theend of theclass.

EMG data were not collected on these subjectsbut force data was collected
and andyzed as above. Four two-way analyses of variance with repested
measures were gpplied to the pesk forceand rate of rise of forcedatafor the
step and propulsivemoves. Thetwo factorswerethetyped bench and state
of fatigue. Thesignificancelevel was chosentobep < 0.05.

RESULTS

The step-to-step variability within each subject was quite low which
made the ensembl e averagequite representative of each subject. Figurel
shows the complete data of subject TT. Force plate 1 shows the ground
reactionforcesand forceplate2 showstheforces measured under the bench.
TheEMG istheelectrical activity of thevastus lateralis of the" steppingup
and down" leg. It can be seen that theforces on the bench were higher in
the propulsive move than the step move but the ground reaction forces
were quite similar in the propulsion and the step moves. It was thought
that landing back on the groundfollowing the propulsion move might have
higher forces, but the results show that impact was absorbed whilelanding
on the bench and a normal step down followed both moves.
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Figure 1. Ensemble average force and EMG data of a single subject
performing the two exercises.

The peak ground reaction forces of the compliant bench were not
significantly different from the rigid bench even though the height was 4
cm higher when not compressed and approximately 1 cm higher when
supporting the full body weight. The additiona height of each step was,
therefore, about 10% higher and represented about 10% greater work in
terms of gaining potentia energy. This increased mechanical work was
accomplished without an increasein pesk force, but this was more likely
dueto aconsistency of style by the subjects rather than due to afeature
of thecompliant bench (see below for a more compl eteexplanation).

The pattern of forceapplicationisafunction of thesurface being stepped
on and the style of stepping employed by the athlete. Peak forcescan be
high on acompliant surfaceif the body behavesvery rigidly. Conversely,
peak forces can be quitelow if the body acts as a shock absorber. It was
noticed that each of the experienced subjects in this study stepped quite
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softly on both benches and they cited proper form as being one in which
you cannot hear the feet contacting the bench. It was thought that if the
body was actively absorbing the shock, the EMG would be greater than if
the shock was passively absorbed by the compliant bench. The EMG
showed greater muscul ar involvement during the propul sion movecompared
to the step move but no differencebetween therigid and compliant bench.
This evidence does not support the notion that a compliant bench would
necessitate less muscular activity for shock absorption, but at the timesof
landing either on the bench after the propulsionmove or on theground, the
EMG activity was very low (activity was only substantial when stepping
up on the bench). It should also be stated that perhaps the ankle plantar
flexors are mostly responsiblefor the shock absorption on landing.

Ensemble averages of many steps yields a more representative pattern
of the force application of cyclic movements such as those used in step
aerobics. However, the process of ensemble averaging also smooths the
dataso that higher frequency shocks that are present may be masked by the
process. Highfrequency (approx.50 Hz) transientswere seen with greater
regularity in therigid bench datathan thecompliant bench dataandfor this
reason, the rate of rise of force was calculated from each individual step
rather than fromtheensembleddata. Three of thesubjectshad substantially
higher rates of force development in the step onto the rigid bench while
one had higher rates when stepping onto the compliant bench. Whilethe
laws of vibration state that the visco-elastic properties of the compliant
bench should act to attenuatethe higher frequency shocks, the datadid not
reveal an effect that was large enough for statistical significance.

The high quality form demonstrated by the experienced subjectsin this
study may not have emphasized the potential for a compliant surface to
reduce impact forces when impacted rigidly by a person who either has
poor form or who is fatigued to the point of poor form. A fifth subject
(RW) simulated a™* stomping™* style often witnessed by novice or fatigued
participantsin step aerobicsclasses. Figure 2 showsthat the peak forces
on the rigid bench were substantially higher than on the compliant bench.
The solid line which representstherigid bench data shows rapidincreases
in force to levels that are double those of the compliant bench. While no
statistical tests can be performed on one set of data the evidence clearly
showstheimportanceof good form and the potential benefit of acompliant
bench when the body is not actively absorbing the shocks. The compliant
bench acted as a lowpass filter and reduced the large amplitude, high
frequency spikes seen when using the rigid bench. The results of the 11
recreational caliber subjectsareshownin Figure3. A maineffectfor fatigue
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Figure 2. Attenuation of high frequency forces by the compliant bench
with a “stomping" subject.
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Figure 3. Means and standard deviations of the 11 recreational
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was not seen in any of the analysesof variance. There was, however, a
maineffect for:thetypeof benchin threeof thefour analyses. Thecompliant
bench wasfound to have significantly lower ratesof rise of forcein both
the step and propulsive moves and a lower peak force in the propulsive
move. Thepeak forceswerelowerin thestep movebut not enoughfor satistical
sgnificance. There was nointeraction between fatigueand bench type.

CONCLUSIONS

Risk of injury by either high peak force or muscleforce was neither
increased nor decreased when the instructors used the compliant bench.
This included the stepping back down onto a rigid surface following a
propulsive move which lands on the bench. The peak forces and rates of
riseof forceweresubstantiallylower when therecreational caliber subjects
used acompliant bench. Thiseffect wasnot changedwithfatigue. It appears
that professionals are able to provide musculoskeletal shock absorption
without significantly increasingthe muscleactivation when performing on
arigid surface. Recreationa athletes, however, were not as capable and
would benefit more by exercisingon acompliant surface.

REFERENCES

Radin, E.L., Parker, H.G., Puch, JW., Steinberg,R.S,, Paul, I.L. and
Rose, R.M. (1973). Response of joints to impact loading-111. Journal of
Biomechanics. 6:51-57.





