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Balance is acomplex p e s s  intrinsic to an individual's movement development, 
efficiency, and proficiency (Krus, Bruininks, & Robertson, 1981; Williams, 1983). The 
link between movements to maintain equilibrium and optimizing motor development is 
the systems ability to apply the physical laws of motion. Therefore, skillful execution 
of movement appears to be based on the development of one's ability to control the 
specific position in space relative to the internal and external environmental forces. 
Research on balance has primarily been based on stunt and novel tasks performance. 
Such research has suggested that because of low intercorrelation relationships, balance 
tasks are different (Bundy, Fisher, Freeman, Lieberg, & Israelevitz, 1987; Drowatzky 
& Zuccato, 1967) and perhaps may be testing different types or aspects of static balance. 
There is a vast body of literature investigating balance, as defined by the performance 
of novel and stunt tasks over time; however, there is a dearth of research investigating 
the overt mechanical process of balance during assessment. The purpose of this study 
was to describe the mechanical balance behavior of children during the nonlocomotor 
assessment of threedifferent balance tasks used in theassessment ofbalance representing 
three different bases of support. 

METHODOLAICY 
Male (n= 36) and female (a= 36) children between 108 to 143 months of age from 

the Denton Independent School District and North Texas area were randomly selected. 
Subjects were determined to be h e  from orthoptic and refractive visual problems and 
other physical, emotional. and learning difficulties thereby requiring special educational 
services. All subjects were filmed while performing three selected balance tasks. The 
single leg stand (SLS), tandem standon rail (TND), and tip-toe balancestand (TT'E) were 
performed in random order and filmed in the critical view, exhibiting the greatest 
movement, using a Panasonic AG-450 camcorder at 30 fps with a shutter speed of 11 
1000. A maximal balance time for all task was set at 20 s. For all three tasks the view 
observed represented movement within the smallest base of support. 

Filmed data were reduced using the Vu Tech FreezFrarne I1 video image capturing 



system and the TWU Film Analysis System developed by Noble, Zollrnan, and Yu 
(1988) modified by Zirnmermann (1990). The entire balance time was obse~ed. Every 
fifth frame was digitized until the last 3 s of balance when every second frame was 
digitized. X and Y coordinates were smoothed using the 2nd order Butterworth low pass 
digital recursive fdter advocated by Winter (1978). Temporal and mechanical variables 
were extracted from the digitized data. The variables observed were (a) time-on- 
balance, (b) direction of loss of balance, (c) average position of the line of gravity relative 
to the base of support, (d) vertical displacement of the center of gravity, (e) trunk range 
of motion, (f) standard deviation of the line of gravity, (g) extreme recoverable line of 
gravity, and (h) extreme recoverable angle of stability (Donskoi, 1975). Descriptive 
statistics in the form of range, mean, standard deviation, and standard error of the mean 
were computed using SPSSX (1988) from which acomparison of variables among tasks 
were made. 

RESULTS AND DISCUSSION 
Time-on-balance, the most common assessment criterion score, was determined 

from film data. Subjects on the TND exhibited the shortest mean balance time (3.88 s) 
followed by the SLS (13.40s) and the'lTB (15.63 s),respectively. No subjects wereable 
to balance the full 20son the TND, whereas, forthelTB44 of the72 subjects maintained 
balance the full 20 s. 

Direction of the loss of balance was reported as appropriate, inappropriate. or no 
loss of balance. Appropriate loss of balance occurred when the balance protocol position 
was broken and a new base of support was established by not crossing the midline of the 
body nor stepping backwardsgreaterthan 1 foot-length. For all three tasks more subjects 
fell off balance appropriately than inappropriately. The greater number of subjects 
falling inappropriately was during theTND(32). For theTTB and SLS 13 and 1 1 subject 
fell inappropriately, respectively. In contrast 35 SLS, 40 TND, and only 15 TTB fell in 
the appropriate dimtion. 

The average position of the line of gravity relative to the base of support was 
expressed as apercent of one-half of the base. If a subject maintained a position directly 
over the base 0% was repow, as the center of gravity moved toward and outside the 
outer border of the base the percent of base was increased. The TTB with the widest base 
and having the longest meanbalance time showed the smallest percent of base (26.72%). 
The TND, with the narrowest mediolateral base and shortest balance time had the 
greatest average position of the line of gravity from center (52.34%) and was the closest 
to the outside edge most of the time during time-on-balance. 

The standard deviation of the line of gravity was a variable representing the overall 
variance of the line of gravity (sway) throughout the task to either side of the center of 
the base. A large standard deviation indicated the greatest movement of the line of 
gravity to maintain a balanced position. The SLS task was shown to exhibit the largest 
standard deviation of the line of gravity (1.72) followed by the TND (1.44) and the l T B  



.Xpualajm mqeq 3qsal are qsw asaql Suge:,lpy L1p:,!ueq3am 
luaajm X~a~gd+sap aq a moqs =am 'qsel aaq au 'm III~J~JJTJ ISOW aq 
sem (IUL aq 'BLI, pue S~S aq uamlaq palou aram sagqq!m!s qSnoqw .smuarajm 
[m~~rey3amaJamaJaq (axrepqmlou~~ol-uou) rmxj am aq Sugsa Xmdmd 'qsw 
o:,wpq E asaq JO mueuopd a3uepq aq Symp lev umoqs sem I! Xla~gdpxaa 

NOISfl73N03 

*alqvA s!q a 
V%~J u! (OSZ'Z) (IUL aq Pue (08S'~) SrS aW SFP lml aW 1V a PaPual slsrqns 
atlL'(o~O'~) BLI, aq 3-p pa!q!qxa sem %u!:,uqeqalym pamow al%m a]n:,e,elsom au 
'oyZ a d)'~ mq paSw s=ms Dgrqels JO alSue alqmaA03aJ auraoxa lsom au 

.a:,uepm JO map Isawms aq ptq S~S aw 
apqm sws 3uow Xgpqv~ ~saleafi aq ptq (IUL au '(m:, ~LZ) alqemolp ia~ua:, 
mq mwq ~salaaril aq pal!qyxa ~uama~om loualsodoua~ue %ug!q!qxa 'a:,uepq 
aoldg au '(X1a~n"dsar 'm:, S~Z 'm:, 21.2) ~a~03aJ PA pue ahom a XlpmSjo aug 
 lo^ amqplmI aq mj pamolp 'luama~om palqo-m Sq!q!va 'w pue ~7s au 
'sqm 1p ioj m:, s iapun paSw~e XlpEJS JO aug alqmahoxu auraoxa lsom au 

'sm:,m a:,ueqnsqp 
E uaqm muqeq wlsar a D!pqe io Lqpqels s,lNqo aq JO amseam E q q '(SMI 
'!o~suod) aSpa aplslno aq q X~AEJSJO iaua:, aq amuo:, q:,!qm aq aq pue D!~mSjo 
aug aq Xq paw a1Sue a~n:,~ ISOU aq sem lClg!qws jo alSue aIqmaAcMar amanxa au 
-paraAo3ar sem muqq q:,!qm way (aspa ap!slno aq a 1s-u) iaum mq mwq 
~smaxS aq sem D!~ar% JO aug alpAom amasxa au yupm ~gs pue 0% 
~~[qns E pp03 aspa apyno aq w, ialum mcq rej MOH 'pauyqw sem a:,uepq q:,!qm 
mq slmfqns aq Xq uaya qsu jo ~rmoure aq ~uasardaJ a pamqo axam Drpqms jo 
a[Sue alqwAm amasxa pue XI!A& JO auy alqmaAom amxa salqepe~ au 

*r(~!pq~pe~ jo lunoute I~I aq palrqyxa a3aFqns S~S q mqm 
(IUL aq %upp paou aram sans jo X~~pqey 1~7uam~ds1p p:,paA aq a 
m!m!S '(osS'0s) S?S aqI Il pUa0zy~Q &LLaV P*oIoJ (0068~) UOm JO 
ymnp aar%ap lsad q pamolls aseq Isamam% aq w!m w alL 'uoy!sod a:,uepq 
E pmupm a Sujs apqm Xpoq aq jo ssem puaru%as 1saSq aq palsn[p~ slsfqns 
q:,ym q dap aq molls a mslas alqeprA B sem uoyom JO a8lm qmu~ 

'UOpOuJ JO dm Lq 
pmap sem lerl, al-A warn e sem Dp8.18~0 aw aq JO ~uamqdsp aq lerl, 
panqpy sem q 'samsjo Xlgq-~ pm dm]- aq pq (IUL au 'Lla~y3adsa 
'(~3~1) S?SP(~PLI) ~N,L~v~~P~O~OJ (~~PS'I)~~~~S~~S!P~~~~~~I 
ap cmq q u~oqs ssm ~LL au *~@urs aram suavdq ppaA aq qw I@ ssar:,y 
.q!sod pomui aq pmvm a ~uaurlsn[p~ xmad p-bar slHqns ay pamoqs 
~uaqdsp ppa~ law y 7aaj pue 'sap 'saauq 'sd!q awls apm munsn[pll p3 
-!q%mjonmoure aq paluasardarX~par%~omm:,qjo~ua~l~aqds~~ ppaA 

'(02'0 I 1'0) MOI SWJ ssmm ~!I!VWA '(96'0) 



REFERENCES 
Bundy, A., Fisher. A., Freeman. M. , Lieberg. G.. & Isaelevitz, T. (1987). Concurrent 

validity of equilibrium tests in boys with learning disabilities with and without 
vestibular dysfunction. ~ m e r i c m  Journal qfOccupationa1 Therapy, 41(1), 28- 
34. 

Donskoi. D. (1 975). Grunlagen der Biomchanik (pp 190- 193). Berlin: Verlag, Bartels. 
& Wemitz, KG. 

DrowatzkyJ.. & Zucmto, F. (1%7). Intemlationships between selected measures of 
static balance and dynamic h c e .  Resemch Quarterly, 38.509-51 1. 

Krus, P.. Bruininks, R., &Robertson G. (1981). Structureof motor abilities in children. 
Perceptual and Motor Skills, 52,119-129. 

Noble. L.. Zollman, D., & Yu. B. (1990). Texas Woman's Universityfilm analysis 
system. Revised by Wayne J. Zimmermann. Unpublished manuscript. Texas 
Woman's University, Denton. 

Williams, H. (1983). Perceptual andmotordevelopment. Engelwood Cliffs.NJ: Prentice- 
Hall. 


