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Step aerobics has emerged as a popular form of exercise being offered in anumber
of health and fitness centers throughout the world. The step workout involves stepping
up and down off a 0.15 to 0.30 meter high box to music. The stepping can include a wide
variation of leg and arm movements. Since the introduction of the step workout some
participants and instructors have expressed concern about the impacts involved in
stepping and the possibility of injury. The peak vertical ground reaction force (GRF)
during foot landing has been noted by Nigg, Denoth and Neukomm (1981) as a possible
cause of soft tissue and bone injury. Scott and Winter (1990) have determined that peak
loads at chronic running injury sites are related to the combination of GRF and the active
muscle forces. During running the peak vertical GRE has been measured by Frederick
and Hagy (1986) to be 2.86 times body weight (BW) for subjects running at 16
kilometers per hour (kph) and Mero, Komi, Rusko and Hirvonen (1987) found peak
vertical GRF of 3.7 BW to 4.8 BW at maximum running speeds.

Francis, Francis, Miller & Hurst (1990) present data on the GRF in the vertical
direction during stepping on and off a 0.25 meter platform at a cadence of 120 steps per
minute (spm). These forces were compared with running across the forceplate at 11.2
kph and walking at 4.8 kph. The study reported peak vertical forces of approximately
1.75 BW for stepping, 1.25 BW for walking and 3.0 BW for unning. It was concluded
that the vertical GRF during stepping was only slightly higher than that of walking and
both activities were considerably less stressful than running. A thorough evaluation of
impact forces during landing has been published by Dufek and Bates (1990) which
emphasizes the importance of a toe-heel foot plant and increased knee flexion as
movement techniques to decrease impact forces.

The objective of this study was to compare the peak ground reaction forces during
walking, running and step aerobics using bench heights of 0.20, 0.25 and 0.30 meters.
The effect of increasing bench height on impact force was also assessed.

METHODOLOGY
SUBJECTS _

The subjects involved in the study were ten Sport Science students, five female
and five male, with mean weight, height and age (+ SD) 0of 69.9+11.9 kg, 172.0+7.0cm
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and 24.1+5.9 yrs respectively. Although all subjects were physicaly active none had
performed step aerobicsprevioudy.
EQUIPMENT

A Kistler forceplate (type 9287) was used t o record the ground reaction forces.
Theoutputsfrom thechargeamplifierswerepassed to al4 bitanad ogt o digita converter
boardinan IBM AT compatible computer. Thecomputer collected thedata at aratedt
200 Hz and cd culated the Resultant Ground Reaction Forces(RGRF)which werestored
ondisk. Three standard bencheswere used with heightsof 0.20, 0.25 and 0.30 m. The
subjects wore the shoes that they would normaly wear whileexercising.
PROCEDURE

Theforce measurement system was calibrated immediately before and after the
testingsessionand reset to zero prior toevery datasample. An experienced stepaerobic
teacher lead theclass, ingtructing the subjectsin correct steppingtechnique. The most
typica step pattern was used i.e. Up left, up right, down left, down right with acadence
of 120gom. Thewakingtria wascompleted at 130gom and thejoggingtrial at 150spm.
Testing was gtructured adong the lines of a typicd step agrobic class with subjects
rotating through the varioustrids. Five trias were completed by each subject, i.e.
wakingand jogging on thespot asperformed in atraditional aerobicclass, and stepping
up and down off the 0.20, 0.25 and 0.30 m benches. Ten benches were placed around
the room with one beinginfrontof theforceplate. Astheactivitieswereperformed, the
subjectswould rotate around the stationsso that a different subject would be stepping
on theforcepl ate. Once thesubj ect's steppingpattern had been established, thecomputer
collected 7.5 secondsof dataand thesubjectswereinstructed to moveto the next station.
Theorder of performing the trid swasrandomizedacrosssubjectstoavoid any temporal
effectsduet o fatigue or learning.
STATISTICAL.ANALYSIS

The pesk RGRFfor eech trial wasnormaized to body weight (BW) according to
the methodsof Scott and Winter (1990). Thisstudy examined theresultant of the GRF
rather thant he vertical forcesin isolation as has been the methodology of other studies
(1.3,5). Theanterior-posteriorGRF contributest o theinterna forcesont he legs(4) and
0 was included in the cdculaion of ground reection force. The mean, standard
deviaion, maximum, minimum, range and coefficient of relative variation of peak
RGRFwascd culated foreach of thefivetrials. A one-way repeated measures andyss
of variancewas used todeterminethesignificancedf differencesbetweentrias. A post
hoc test usingt he Newmean-K eulsmethod wasgpplied to thedatato determinein which
trids the sgnificant difference occurred.

RESULTS

Summary dat a for thepesk RGRF across thefivetridsis providedin Table1 with
means and gandard deviations for each trid presented in Figure 1. There were



sgnificantdifferencesinthe peak RGRF achieved in thefivet i d s (F(4,45)=9.67,p<.01).
The post hoc testsindicated that the peak ground reaction forces during jogging were
significantly higher than those of waking (@<.01) and stepping off theQ. 20 m step
(p<.05). The pesk RGRF that occurred while stepping off the 0.30 m bench was
significantly higher than walking (p<.01) and stepping off the 0.20 m step @<.05).
Stepping using the 0. 25 m bench resulted in higher pegk impact fmces than waking
@<.05).

No significant differenceswerefound between the pesk |mpactforcesthat occur
during jogging and stepping using eithera0. 25 mor 0.30 mstep.

TABLE 1. Summary statistics of peak ground reaction forcefor five trials

Walk Jog | Step 20 Step 25 Step 30
Mean (BW) 1.75 3.07 2.24 243 2.90
Sid.Dev. (BW) 0.19 0.43 0.50 0.63 0.66
Variation (%) 10.71 14.00 22.18 25.77 22.85
Maximum (BW) 2.00 4.03 3.14 3.47 414
Minimum (BW) 1.37 2.54 1.54 1.55 2.07
Range (BW) 0.63 1.49 1.60 1.82 2.07
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FIGURE 1 Mean peak ground reaction forcefor flve trials
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DISCUSSION

Contrary to the findingsof Franciset d. (1990), no sgnificant difference was
found between the pesk impacts experienced during running compared to stepping off
a0.25 mbench. Waking wasfound toproduces gnificantly lower impactsthen stepping
off a0.25 mbench (p<.05). Mean RGRFfor al stepping trials messured were much
higher than the 1.75 BW reported by Franciset d. (1990) usnga0.25 mbench. This
difference may beaccountedfor in that this study measured resultant ground resction
force rathert han just thevertical forcecomponent measuredby Francisetd. (1990). The
contribution of forcesin the horizonta plane may be considerableand further investi-
gdion of thisisrequired. Bath the wak and jog tridsin thisstudy were performed on
the spot asit ismore common in the typica aerobic dance class than the translatory
walkingand runningandyzed in theFranciset al. (1990) study. However, thepesk GRF
during running in both studies was approximately 3 BW and this compares with the
resultsdf other running studies (Frederick & Hagy, 1986; Mero, €t. al., 1987; Scott &
Winter,1990). The mean peak GRF during walking wasfound to be 1.75 BW which was
considerably higher than the 1.25 BW measuredin theFranciset d. (1990) study. This
ismogt likely related to thedifferencesin methodology in that higher impactscould be
expectedduringstationary walking. Thedifferencesbetween impactsduring stationary
and translatory walking require further investigation.

The difference in pesk RGRF between the 0.20 m and 0.30 m bench heights
(p<.05) indicates that increasesin step height produceincreasesin RGRF. Thisaspect
requires further investigation, especidly in light o the practice of increasing bench
heightsas participants improve fithess and the dement of competitivenessevident in
someclasses. Thelowest bench tested, 0.20 m, did not produceimpacts significantly
higher than those for walking. This height or lower would appear to be safer for the
beginning exerciser in termsaf impacts through the lower limbs.

From Table 1 it should be noted that the coefficientsdf relative variationfor peak
RGRFweregreater for each stepcondition than for thewakingand joggingtrids. This
mey indicate a larger variaion in stepping forces possbly due to differences in
technique.

A further avenued investigationistheeffectdf varioussteppingcadenceson the
forcesexperienced. TheStep Aerchic Manual recommendsratesdf no higher then 120
spm, however, many ingtructorsareconductingclassesat fagter rates. Notonly doesthe
impactforce need to beeva uatedbut al sothesafety of higher gpeed stepping technique.

CONCLUSIONS

It can be concluded that the RGRF experienced during step aerobics are signifi-
cantly higher than those of walkingespecialy at the higher bench heightsaf 0.25 and
0.30 meters, and that increasesin bench height produce higher peak impact forces.
Ingructors and participants should be made aware o the importancedf good shock
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absorptivefootwearand correct step techni queemphasi zingtoe then heel foot plantand
adequate knee flexion. The step heightsused should be limited to the lower heights,
preferably 0.20 mor less, if theimpactsareto remain below valuesexperienced during
running.
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