ISTHEASSUMPTION OF SYMMETRY
FOR POWER CALCULATIONS IN
RUNNING VALID? /

R.A. Hintermeister, J. Hamill, and M. M. Slavin
University of Massachusetts, Amherst, MA USA

In many gait sudies, a variety o dgorithms have been used to cdculateinternd
mechanica work or power from data obtained usng a single side sagitta view
(Quanbury, Winter, & Reimer, 1975; Winter, Quanbury & Reirner, 1976, Winter,
1979a; Pierrynowski, Winter, & Norman, 1980). This techniqueis besed on the
assumptiond bilatera symmetry. Theassumptionimpliesthat the movement patterns
o theright and left Sdes o the body are smilar. The deivation d whole body
parametersisaccomplished by shifting the kinemétic datafor onesided the body by
180 degress, or one-hdf o agait cycle, yieldingthe correct phasic relationshipfor the
oppositesded thebody. Figurelisaconceptud representation of right Sdedata, that
suitably displacedin time, doublesasdatafor theleft ide. Thecombineddisplacement
dataar e then used to calculate whole body parameters. Methodologica advantagesof
thistechniqueinclude asimplified experimenta setup requiring only one camera and
reduced digitizing time. To the best of our knowledge, evidence supporting the
assumptiond bilateral symmetry in cal culationsd mechanica wark and power has not
been verifiedin theliterature. Therefore, the purposed the present sudy wastotest the
assumption of bilatera symmetry by usng three combinationsd right and Ieft side
displacementdata to cd culate mechanica power over onestride.

Reference 180 degrees Combined
out of phase at reference
Right Side View

Figurel. Kinematic datafrom theright side isshifted 180 degreesout of phase and combined
with the reference to form whole body displacement data



THEORY

Energy can bedescribed asthecapacity todowork Themechanica energy of an
object consistsd kinetic energy due to motion and potentia energy by virtue of its
position. Theinterna mechanica work of the body istheamount of work necessary to
move the segmentsthrough their patterns of motion (Winter, 1979a). As equation 1
indicates, mechanica work (W) isequal tothechangein taid body energy (Eb), which
in tum isequal to the sum of thechangesin potentia energy (PE), trandationd kinetic
energy (TKE), and rotationd kinetic energy (RKE) components.

W= AEb = AFE+ ATKE+ ARKE ()

Andysisof energy changesin linked ssgment mode sar € useful to determinethe
behavior of the sysem without knowing the details of the motion. Resultsdf such
anaysesar e frequently expressedin unitsof power, theratedf doing work. The power
per stride provides a relativequantity that can be used for comparisons in running or
walking.

Differences in exiging work dgorithms depend on whether passive energy
transfersar e permitted to occur between or within segments, and the constraints placed
on the energy flow. The three common work agorithms used in the present study
assumed either no transfer of energy within segments(NT; Norman, 1976). transferd
energy within segments(WT; Pierrynowski et d., 1980).0r transfer within and between
ssgments (WBT; Winter, 1976).

METHODOLOGY .

Fourteen maedistancerunners(age= 24.8 + 6.1 y, stature= 1.83 + 0.09 m, mass
=69.4 £ 9.3 kg) of competitiveand recreational ability ran on atreadmill at 413 m-s"
for a minimum of 5 minutes. All subjects werefree of any functiond limitationsor
musculoskeletd injuries. Reflective markers were placed on eight anatomica land-
nar ks (lateral epicondyleand greeter tubercled the humerus, styloid process, greater
trochanter, |ateral femord condyle, laterad maleolus, calcaneous, and thelateral heed of
thefifth metatarsal) toderivean el evensegment modd for cal culatingpower. Kinemeatic
data wereobtained using two Hi Speed NA C video camerasand recordersoperating at
200Hz. Thecameraswere placed 5-7 metersfrom the planed mation and digned to
obtainright andleft Sidesagittal viewsof therunners. Six completestrides of right and
left Sde views of each subject were digitized from video tape and processed usng a
Motion Analysis VP110 microprocessor interfaced to aSUN minicomputer. Thedsata
were digitdly filtered usng a fourth-order recursive, low pass Butterworth filter.
Optimd cut-off frequenciesfor both x and y coordinatesdf theindividuad marker paths
were determined using proceduresoutlined by Jackson (1979).

Edimated segment weights, centers of mass, and moments o inertia were



calculated using values from Winter (1979b). Linear and angular velocitiesof each
segment werecal cul ated from thedigiti zed di splacementdata using the method of finite
differences.

Themethodol ogical conditionsfor obtai ningwholebody kinematicsconsi sted of
three combinations of the right and |eft side displacement data. In two of thethree
conditions, symmetry wasassumed by doubling thelimb vauesfor theright (RS) and
leftsides (LS), and addingin one-haf theenergy of the head-neck-tnmk 'segment.
The third condition served as the criterion measure and assumed no symmetry by
combining theleft and right sidelimb va ues with the HNT segment (COMB).

The interna mechanica work was calculated over one smde using t hree algo-
rithms based on the work-energy theorem (NT, WT, WBT). Power wasderived from
work and expressed relative to body mass. The data were analyzed using a two-way
repested measures ANOV A across conditions (RS, LS, COMB) for each agorithm.

RESULTS & DI SCUSSI ON

Work va ues(J) acrossconditions ranged from 1291 to2195for NT, 1043 t0 1840
forWT,and453 to1075for WBT. Means and standarddeviationsfor thework measures
are presented in Table L There were no statistically significant differences among
conditions, in other words, the LS and RS phase-shifted conditions were no different
than the COMB criterion. The greatest meen difference between conditions for all
agorithmswas 1% of the meen.

Tablel
Mean and SD (in parenthesis) for mechanical work (J) across conditions
(LS, RS, and COMB) for the threealgorithms (NT, WT, and WBT).

LS RS COMB
NT 1654 1670 1662
(205.4) (2319) (212.9)
WT 1372 1381 1377
(166.9) (186.2) (170.8)
VBT 761 768 764
(128.3) (123.0) (116.9)

*p < .05

The mean mechanica power results(W-kg') aresummarized in Table 2. Power
vauesacrossconditionsranged from 25.93t038.84 for NT, 20.78 to 31.17 for WT, and
10.24 to 18.32 for WBT. There were no tatitically significant differencesamong the
mean power valuesfor LS, RS, and COMB. Sincepower issmply therateof work, and



expressed hererel ativetobody mass, i tisreasonabl ethat thepower resultsareconsi stent
withthework values. The mean valuesar € approximately 4-6 Wkg* higher than those
of Williams (1980) for the samethree work algorithms. The higher power valuesare
most likely aresult of the faster running speed used in thisstudy (4.13 vs. 3.57 m-s*).
Ingeneral, power decreasesfrom approximately 32 to 15 W-kg* moving down therows
in Table 2 from the NT to WBT algorithm. This trend was expected and isinversely
proportional tothe amount of energy transfer allowed by each algorithm, i.e., as more

passive transfer of energy between segments isassumed, lessisattributed to muscular
Sources.

Table2
Mean and 8D (in parenthesis) for mechanical power (watts-kg™-stride?) across
conditions(LS, RS, & COMB) for thethreealgorithms(NT, WT, & WBT).

LS RS CovB

NT 32.11 32.26 32.18
(2.500) (2.494) (2.325)

WT 26.65 26.69 26.67
(2.117) (1.992) (1.873)

WBT 14.76 14.80 14.78
(1.953) (1.421) (1.463)

*p< .05
CONCLUSION

Thepurposeof thisstudy wastotest theassumptionof bilateral symmetry for the
calculation of mechanical power over arunningstride. Since therewerenodifferences
among the conditions it must be concluded that the assumption of symmetry is
warranted. From a methodological perspective, thismeansthat it issufficient to fitm a
singlesidesagittal view in order toobtain whole body kinematicsin runnersexhibiting
normal gait patterns. However, researchers should exercise caution when applying the
assumption of bilateral symmeiry to individual s with a gait impairment.
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