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Indeed.thereisevlderu:etbalTCprm:ticeimprovespOSturaJ 
COutn:llsyMemaodfunroDnalabilityin.;omparisonwitbsed
enuuy group!!. However, it is not yet known wh.etherTCtw., a 
speciAceffco:::tonbalanceCOlltrol(as~bypreviou.\ 
slUdies) compared with oIherbalance training programs. In
deed.phyllical activity pfOgnunS have been deve\opcdand 
propmed 10 older populations with the objective 10 prevent 
fall~ and 10 mninWn autonomy. This Iype of balance training 
progniminvolvdapostW'lllwntrolsystcmbycentcrofgrnvily 
displacement butdid not focus on body movement and posture. 
WehypotbesiudlhatafOCUllonaccuratemov~enlrepro

duction helJ!ll TC p!lIf:titioners 10 perf<.rm better in postural. 
ta\lks Ihlll1 balance training subjects. Thus. the.illI of the 
present IItudy was to _" and compare modlftcBtions in 
postural control and wPlklng ability after IT training ~nd u 
balarwelrainillgprogram. W"hypOthesize(lIhatlheTCpro
gram show!! better Improvement in these abilitles thBn an 
altcmO\llvebillancetminingprolnun. 

METHODS 

s,_ 
Twenly~ight hcahby subjects age 70 to &5 yealll (mean :': 

SO, 77.0±S.9y) took pan in the study and volunteen:d to 
participate in Btralnlngprogrnm. All subjeclsslgned informed 
consent IlCCCJIIed by the lOCal ethic:al,,:onullittee prior to par
licipation in Ihe study in aeeotdancewith the Helsinki decJa
ratiOllof 1975. All subjects were {ree from any diseuelhar. 
couldinftucnceposturalmailllellance.'Thesubjectllwerephys
i<:.lly~C1ive;theywalkedfromlto3hounaweekbefO:n!and 
during the 6tndy. The subjects were randOltlly assigned to a 
lraining program. Fonrtecn IlUb~ (mean oge:!: SO, 
76.S:!:5.ly; 3 men) were b'ailled in TC for 3 months, and 14 
(77.0~4.5y; 4 ""'n} were engaged in ahalance lrainiog pro
gram. A q~&ti"lIIIwre was used to verify that none of them 

'~h:~~: ~~ng~ti~~s!~~~af~:S~o~f 
pOIItural testing. The Iirstsession,cllledpW'aining,wu used 
10 evalua!ethe initial capaclties of postural stance. The lasl 
session, called posttraining, was dono after 3 months of TC 
training or the balance Inlinios program. Adini<:aleumina
tlon was perfurmed for each of the 2 e><perimental sessions 10 
eJ\cJudesubjects &bowing any possible cause of balance alter
ation (medication or disease). AJI subjects obtaincd more than 
24 points in Mini-Mental State Euminalioo, showing no cog
nitiveimpaim1elltS.:!:I AI the beginning of the slUdy, the looe
penderuActivilyofOailyUvinateslshowedthatevery-subject 
could be considered independent in activities of daily Jiving.24 

Self-selecled walking speed WIU assessed during a IO-m 
walk test." Subjccls were hwructed 10 walt. al tbei:r comfort
able and preferred speed. Subjects began on thes\gnal ~ready, 
start.HThe investigator walked besidt, the patient and began 
timing with a digital stopwatch when the subject's tint foot 
crossed the start line. Timing wuSCopped when the lirst foot 
crossed the stop line, although thepatlentcontinued to walk. 
The dispta.:emeolS of the COP were recorded during a 25.6
second unperturbed stance by I posturographic platfonn"ala 
sample rate of 4OHl..16 The Said software" calculated the 
templlf8icvolutionoftheCOPdisp\acements. 

~:=~r~~~o!:n':Y(~~=~
the posIllJ08flpbic platfonn. During the tesl under the EO 
conditionorju$t beforc the tesl undet the EC condition, the 
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SlIbjects had to ltare at aspot placed I.Smahead. They were 
liked to keep as immobile a& po$iible dllring the recordings. 
We insured the stability of the environmental conditions (no 
visual or auditive perturhations). The subjecls were asked to 
perfonn3tria1lo{bipedalstancemaintail'ledont~posturo
graphicpldfonn for each of the EO and ECcond,tionsran
domlyforeachvisualcondition. 

T................. 
11!e subjec:ts trained InTC took part weekly ln2 se.uionsof 

3D_minute TC training for 3 months. The TC proanm per

=din..~is!.v~~~~:I ,::t~~!:~~.t~~,bft 
consists of learning a sequence of 10 TC forms specially 
adapted for the olderpenple. ThiI sequ= of postures in
volves weight shifting movemenbl that stress the po.wnl bal
ance. The physlcaltherapl&t foculleS the attention of the prac· 
titionerontheaccuracyofposIUreRlp:rOOuctlon.1beIO-fOl'lIl" 
sequence was carried out under EO and Be conditions. 

The subjects trained in balance training took pan weekly in 
2&e1lslonsofJOminutesofbalancctrainingfor3montbs.ThII 
balance training programconsisls of practicing exercise that 
involves shifting of the body mass center {&ee description in 
rable I). The balance e><ercise included standing with a de
~reased basc:ofsupport and also IIressed postural balan<.:e (ie, 
during playful activities with a ball, during lies standing 
exercises). Exercise included forward and sideways stepping, 
ascending anddescendingstairs,walkin&obstacle course&or 
on a foam floor, andreaclling activities in standing (ie, small 
perturbationsofbal~wereperfonnedbyapartnerwith 
backwardandforwardpusheS).~ .....en:ise.swe1erealized,u 
much as posslble, in !he EO and EC conditions. 

DntaAnalysls 

FDr walking and postural data.subjecb performed 2 famll
iarl2ationtests, and the analysis was perfonned on the third 
triIII. Walking ability WQS quantified as the time nccessary to 
perfonn. 100m walk test and expressed as walkJng speed 
(mls).PerformanceinposluralmainlenancewasqUllDtifiedby 
several parameters calcuJated by !be Satela~ and Matlab.son_ 
wart! from the COP displacements---4h1lt i.s. the areacoveJl!d 
by COP dispiaccmenlli (mm'), p4th (rom), Yeop (mm.Is), aud 
Yeop variance (100 x SD [Yeop]/mean [Yeopl expressed in 
'J.).ln onIer to explom the contribution of visual infonnation 
during normal SWlding, we calculated for each parametertbe 
ratio of EC to EO values expressed as the Romberg quotient. 
We calculated mean and SO oftbesepararneters foreachgroup 
and each lession of the tesl 

St&ltistlcs 
StatistlcaJanalysiswereperfotmedwithStatvicwsoftware.< 

n.ta are expressed as mean :!: SD. Changes In variables 
betweenpretraining and posttraining and between 8fOups \1Il!R! 
anaIyzed.Repcllted_~s'Qalyslsofvariancewascon_ 
duell>d for EO and EC conditions. When F analysis of variance 
valoesweresignilicant,weperfonnedaTukeytestto1ocatethe 
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qllOtienl differences ~~ not obse.....eo;! in lenn& of a postural 
Syslelll's perfonnance (COP3tabilizationeJI:pressed by tbe area 
and Iway} but appear in tcrmsofaposturalsyslem'soontrol 
(COP dis.plac<llnwt expressed by the Vex>!' and the Vc<,P', 
vlllionce). 

Our description ofTC prompls a hypothesis eJlplaining the 
reason forsuc:h dlfferenees. Bnhmcetralnillfj and TCprograms 
involve th;: postural system by COP dispbtcenlenl Balance 
training and TC practitioners were encouraged 10 perfonn 
e~i~e with EC. With !he detctlon of visual fced.bacl:. during 
movemenl. movement was Wlltrolled with proprioceptive in
pttts in ordcr 10 reproduce articular anglB nnd posiLionll in 
space. However, in ~ontrltst with Ihe bahince training program, 
we assume tbat TC practice was more focused on II/:curatc 
l'qN"Oduction of movm>eJl15 and fonnl!. Moreover, im[l1O\'e
menls in sen....'Y infonnatlon processina after sbon-term TC 
pracllCC t6,11 have been observed. In Ihe absence of visual 
information, TC practitioners were abk: 10 reproduce joint 
movements more accurately than sOOentaryor physica\ly a..:tlve 
subjects.. Also, TC p[llClitioners have shown 5JlIaller COP dis
placemenlSinECaflervestlbularstlmuJatlonc:ompatedwitha 
eontrolgroup.:IOThe improvementofproprioceptiondeocrlbed 
in these pn;vious Sludies CQUkicxplain tOO slllbilizatioo or ihe 
slightly decreased !rend in Romberg quotielll after 3 moJJths of 
practice in the TC group. To conclude, TC might be helpful to 
maintainorimprovetheproprioceptiOllthreshnldfnrpen::civ
Ing body sway Osc:UlatiOll when this might dc:teriorate with 
aging in spile of II. balance trII.ining program. Indeed. a TC 
program requirina !he aeeUI"1\Ie reproduction of movcment5 
IlppearedmOR:llppropriatelndecrcasinglhelmpaclofvisual 
dependenc~ 91" postllrll control. 

Hypothesis of a reweightlna of pmprioceptlve inputs afler 
TCpracticewillrequirefurtherstudyinordertoverifywhelher 
TC specifically helps practitioners perfotm better under Be 
oond~llon. by limiting visual dependency after 12 weeks of 
practtce. However, lilUdies under more challenging poswral 
coodillons (ie,singleicg stan::e) should be performed to verify 
this$peo::lficeffeclofTCtrainiogonposlUral control and its 
interelll in older people dally living. 

CONCLUSIONS 
ReSultl ofnlltstudy demonstrated similar effects of l2-week 

TCand balance ttainingprogralOii on postunl comroI. or walk
ing abilliy in older people_ None of the OUlmme measures 
showed 'iJlnifieant cbangepoattrainingin tneTCorbalance 
training groups. However, cnmpared with Te, the E!OIEC ratio 
expressed as a Romberg qllOtient WII significantly higber after 
the balance fnlinlng program, sugsesting that TC should be 
helpful 10 limil tbe eye closure effec!s on poslltral eontrol. We 
lhushypothesizelbataTCprogrammiglttlimittbedcleterioui 
effects of aging 00 swaypen;eption iolheab$enceofvisual 
infonnationcomptredwitbabaiancettainingprogram. 
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