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Baanceisacomplex process intringctoan individua's movement development,
efficiency, and proficiency (Krus, Bruininks, & Robertson,1981; Williams, 1983). The
link between movementsto maintainequilibrium and optimizing motor developmentis
the sysemsahility to goply thephysica lawsdf mation. Therefore,skillful execution
of movement appears to be based on the devdlopment of one's ability to control the
specific podition in space relative to the internd and externa environmenta forces.
Research on baance has primarily been based on stunt and nove tasks performance.
Such research hassuggested that becausedf low intercorrelation relationships, balance
tasks aredifferent (Bundy, Fisher, Freeman, Lieberg, & Israelevitz, 1987; Drowatzky
& Zuccato, 1967) and perhapsmey betestingdifferenttypesor aspectsaf static baance.
Thereisavast body of literatureinvestigating balance, asdefined by the performance
of nove and stunt tasks over time; however, thereisadearth of research investigating
the overt mechanica processdf ba anceduring assessment. The purposeof thisstudy
was to describe the mechanica baance behavior o children during the nonlocomotor
assessmentof threedifferent b ancetasksusad in the assessment of balance representing
threedifferent basesdf support.

METHODOLOGY

Made(qn = 36) and femd e(n = 36) childrenbetween 108 to 143 monthsof agefrom
the Denton | ndependentSchoal Districtand Nirth Texasareawererandomly selected.
Subjects were determined to be free from orthoptic and refractive visud problemsand
other physica ,emotiond .and learningdifficultiesthereby requiring specia educationa
sarvices. All subjectswerefilmed while performingt hree selected baance tasks. The
sngleleggand(SLS), tandemstand on rail (TND), andtip-toeba ancestand(TTB) were
performed in random order and filmed in the critica view, exhibiting the greatest
movement, usng a Panasonic AG-450 camcorder at 30 fps with a shutter speed of 1/
1000. A maximd balancetimeforal| task wassetat 20's. For d| three tasksthe view
observed represented movement within the smallest base of support.

Hlmeddata werereduced usingthe Vu Tech Freez Frame 11 videoimagecapturing
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system and the TWU HIm Analysis System developed by Noble, Zoliman, and Yu
(1988) modifiedby Zimmermann (1990). Theentireba ancetimewasobserved. Every
fifth frame ves digitized until the last 3 s of balance when every second frame was
digitized. X and Y coordinatesweresmoothed usingthe2nd order Butterworth [ow pass
digital recursivefilter advocated by Winter (1978). Tempora and mechanica variables
were extracted from the digitized data. The varidbles observed were (a) time-on-
baance, (b) directionaof lossd balance, (¢) averagepostiondf t he lined gravity reldive
to thebase of support, (d) vertica displacement of thecenter of gravity, (€)truk range
o motion, (f) standarddeviationd thelineaf gravity, (g) extremerecoverableline of
gravity, and (h) extreme recoverable angle of stability (Donskoi, 1975). Descriptive
statisticsin theform of range, mean, Sandarddeviation,and sandard error of t he meen
werecomputed usng SPSSX (1988) from whicha comparison of variablesamong tasks
were mede

RESULTS AND DISCUSSION

Time-on-ba ance, the most common assessmentcriterion score, was determined
fromfilm data. Subjectson the TND exhibited theshortest meen balancetime (388 9)
followedbythe SLS(13.40s) and the TTB (15.63 s), respectively. Nosubjectswere able
tobdancetheful |20 son the TND, wherees for the TTB 44 of the72subjectsmaintained
baancethefull 20s

Directiond thelossdf baance wasreported asgppropriate, ingppropriate. or no
lossof balance. Appropriatel ossof bal anceoccurred when theba anceprotocol position
wasbroken and anew besedf support wasestablished by not crossingthe midlinedf the
body nor steppingbackwards greater than 1foot-length. Ford| threet asks moresubjects
fel off balance appropriately then inappropriately. The greater number of subjects
falinginappropriately wasduring the TND (32). For the TTB and SLS13and 11 subject
fel inappropriately, respectively.In contrast 35 SL.S, 40 TND, and only 15 TTB fdl in
the appropriatedirection.

The average position of the line of gravity relative to the base of support was
expressed asa percent of one-hdf of thebase. If asubject maintainedapostiondirectly
over the base 0% wasreported; as the center of gravity moved toward and outside the
outer border of thebaset he percent of basewasincreased. The TTB with thewidestbase
and having thel ongest meanbal ancetimeshowed thesmallest percentof base(26.72%).
The TND, with the narrowest mediolateral base and shortest bdance time hed the
gregtestaveragepostionof thelined gravity from center (52.34%) and wastheclosest
to the outsideedge most  the time during time-on-balance.

Thestandard deviaiondf thelinedf gravity wasavariabl erepresenting theoveral
varianced thelined gravity (Sway) throughout thetask to either sded thecenter of
the base A large sandard deviation indicated the grestest movement of the line o
gravity to maintainabalanced podtion. TheSLStask wasshown toexhibit thelargest
sandard deviationaof thelinedf gravity (1.72) followed by theTND (1.44) and the TTB



(0.96). Variability across tasks was low (0.1 to 0.20).

Vertical displacement of the center of gravity represented the amount of mechani-
cal adjustment made at the hips, knees, ankles, and feet. A larger vertical displacement
showed the subjects required greater adjustment 2 maintain the protocol position.
Across all tasks the vertical displacements were small. The TTB was shown to have the
largest mean displacement (1.84 cm) followed by the TND (1.74 cm) and SLS (1.54 cm),
respectively. The TND had the greatest range and variability of scores. It was indicated
that the vertical displacement of the line of gravity was a weak variable that was affected
by trunk range of motion.

Trunk range of motion was a variable selected © show the degree to which
subjects adjusted the largest segmental mass of the body while trying to maintain a
balance position. The TND with the narrowest base showed the greatest degree of runk
range of motion (48.90°) followed by the TTB (35.62°) and the SLS (30.53°). Similar
‘e the vertical displacement, greatest variability of scores were noted during the TND
whereas the SLS subjects exhibited the least amount of variability.

The variables extreme recoverable line of gravityond extreme recoverable angle
of stability were observed to represent the amount of risk taken by the subjects from
which balance was maintained. How far from center or the outside edge could a subject
go and still maintain balance? The extreme recoverable line of gravity was the greatest
distance from center (nearestie the outside edge) from which balance was recovered.
The extreme recoverable angle of stability was the most acute angle formed by the line
of gravity and the line which connects the center of gravity to the outside edge (Donskoi,
1975). It is a measure of the object’s stability 0| ability ¥© restore balance when a
disturbance occurs.

The most extreme recoverable line of gravity averaged undel 3 cm for all tasks.
The SLS and TND, exhibiting mediolateral movement, allowed for the least distance for
the line of gravity2 move and yet recover (2.12 cm, 2.45 cm, respectively). The tip-toe
balance, exhibiting anterioposterior movement exhibited the greatest distance from
center allowable (2.73 cm). The TND had the greatest variability among scores while
the SLS had the smallest degree of variance,

The most extreme recoverable angle of stability scores ranged from 2.0°e 2.6°.
The mostacute angle allowed while balancing was exhibited during the TTB (2.01°).The
subjects tended to risk the least during the SLS (2.58°) and the TND (2.25°) in regard

e this variable.

CONCLUSION

Descriptively it was shown that during the balance performance of these 3 balance
tasks, purportedly testing the same factor (non-locomotor balance) there were mechanical
differences. Although similarities were noted between the SLS and TTB, the TND was
the most different task. The three tasks, were shown to be descriptively different
mechanically indicating these tasks are testing balance differently.
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