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Attached is an article published in the January issue (2010) of the journal ‘Archives of
Physical Medicine and Rehabilitation”.

Lelard T, Doutrellot P-L. David P, Ahmaidi S. Effects of a 12-week Tai Chi Chuan
program versus a balance training program on postural control and walking ability in
older people. Arch Phys Med Rehabil 2010;91:9-14

Please answer the following questions based on the content of this article.

1. What was the research question(s) asked in this research study? (10)

. What are the rationales behind the hypothesis of this research project? ( 10)

©

. How did the authors recruit and include their subjects? How and for what
purposes did the authors divide the subjects recruited into groups? (15)

w

4. What were the outcome measures employed to draw conclusions in this study and
why did the authors choose these outcome measures? (15)

w

. Please translate the abstract of this article into Chinese. (50)
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Effects of a 12-Week Tai Chi Chuan Program Versus a
Balance Training Program on Postural Control and Walking

Ability in Older People

Thierry Lelard, PhD, Pierre-Louis Doutrellot, PhD, MD, Pascal David, PhD, Said Ahmaidi, PhD

ABSTRACT. Lelard T, Doutrellot P-L, David P, Ahmaidi S.
Effects of a 12-week Tai Chi Chuan program versus a balance
waining program on postural control and walking ability in
older people. Arch Phys Med Rehabil 2010:91:9-14.

Objective: To compare the respective effects of 2 balance
waining programs: 4 Tai Chi (TC) program ond a balance
raining program on static postural control and walking ubility.

Design: Randonized eomrolh.d trial.

Setting: General c

hrudpunn. Older subjecss (N=28) paricipsicd. in the
stu

Inerventions: The TC group (n=14: mean e = sD,
77.0+4.5y)

Main Outcome Measures: Static postural control was as-
sessed via measurement of center of pressure sway under eyes
open (EO) and eyes closed (EC) conditions. Walking speed
over a 10-meter course was also assessed.

lts: After the 12-week training period, there were no
significant differences in walking speed or postural prrametery
in cither the EO or EC conditions for the TC and balance
training groups. Performance in the EC condition was lower
than in the EO condition inprest and postet o the blance
training and TC groups. The Romberg quotient (EO/EC ratio)
was sigificantly Higher uner the balance training program than
the TC pmgv;\m (P<.0!
mchvsons: Wo samnot onclude that te balance vaining
pmgram has better effects than the TC program on postu
control or walking ability. None of the outcome measures
showed significant change postusaining in cither the TC or the
balance training groups. However, the differences described in
the Romberg quotient after the lrsmmg period between the TC
and the balance training groups suggest that TC should be
helpul o fimi the deletesious effecs of eye closure on pos-
ral balance.
ey Words: Aged; Postural balance; Proprioception; Reha-
billtation.
© 2010 by the American Congress of Rehabilitation
Medicine
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GE-RELATED CHANGES in poslnml imbalance and the

incidence of falls have generally been associated, with
deterioration of the proprioceptive and motor systems.'* The
decrease in walking speed reflects postural control degradation
and s elaied o the ik of faling. Ev:n ihough falls rarely
occur und ions, postu
a normal, qum stance as chlucwm:d by me dlsphcamem of
the COP reflect postural ability.

“The perception of sway in a normal, upright stance requires
information from the joceptive, visual, and vestibular
systems. Cross-sectional studies have shown that postural body
oscillations are greater in older people than in younger aduls.
Follow-up sidies have confimed th postura delrioralon
with aging by showing a progre: increase in sway velocity
over a 3-year or S-year period. gir m healthy ldu]ls. mformnlvon
from the soles of the feet and from the leg m ‘makes a

‘major contribution to stance maintenance.” With aging,th role

of nsmn in poslunl regulation becomes predominant’® and
reflect a decrease in the accuracy of the other ses

u.c:p(nn b Eye closure in older subjects leads to an in-

Almongn postural maincnance snd walkng detrionste il
:s.e an be positively |nﬂu¢nc=d by physical
a suggesied in
healihy subjects over 60 years those thal improve propriocep-
prompt a greater enhancement in postural abi-
“These studies have shown more beneficial effects on
static postural control after long-term, regular practice (0min/
wk). The authors have explained the reduced disturbance re-
orded under EC conditons as e resultof the someslhe:ic md
vestibulr sensivy development grompied
physical sctiviy. In the as decade, 8 b of peblications
have report provement in older people after TC
practicy: this involves welght shiing during the performance
of & sequence of movement modules (& form) ' and nhances
proprioceptive inputs.'*"* Several authors suggest tha
practce serves 3¢ aneficint (al prevention program for o]dﬂ'
rogram.

subjects in a short-term tter

balance performance in dynamic or static posluul lcsu :ner

short-term and long-term TC training.”” A short

gram (8 or 12wk) showed enhancement of ateral suhllny. o{'°
omberg siance mainirance.* of erg Balance Scale, and

Timed Up & Go test

ch List of Abbreviations
upporing s e ot o vl m::. + eneiton th sor o on any arpe cor conter of prossure
- midi, P Université EC eves
Vere, Avem P Gl F80025 Amicns Cedex, Feance, ¢ mail EO eyes open
ol picardie . Tc Tei Chi
0003-993/1009101-00449836.0000 Veor center of pressure velocity
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Indeed. there is evidence that TC practice improves postural
control system and functional ability in comparison with sed-
entary groups. However, it is not yel known whether TC has a
specifc effet on balance conlro (as sugsested by previous
studies) compared with other balance training progras
deed, physical activity programs have been developed and
proposed to older populations with the objective o' prevent
falls and to maintain autonomy. This type of balance training
program involved a postural conirol sysiem by center of gravity
displacement but did not focus on body movement and posture.
We hypothesized that a focus on accurate movement repro-
duction helps TC practitioners 10 perform better in postural
tasks than batance ueining subjecs. Thu, the aim
present study was o asess and compare o catons in
postural control and wolking ability after TC training and 4
balunce training program. We hypothesized ha the
gram shows better improvement in these abilities than an
altemative balance trining program.

METHODS

Subjects
Toenty-ight hesthy subecs age 10 to 85 yeurs (van =
SD, 77.04:5.9y) took part in the study and volunteered to
participat e raining program. All subjects signed informed
consent accepted by the local ethical comnittee prior 1o par-
ticipation in the study in accordance with the Helsinki decla-
ration of 1975, All subjects were free from any disease that
could influence postural maintenance. The subjects were phys-
ially actves hey walked fom 1 0.3 hours 3 week before and
dur study. The subjects were randomly assigned to a
irining program. Founoen subjects (mean age D,
T6B513; 3 men) were ained in TC for 3 months, and 14
(1102:43y; 4 men) were engaged n & balance raiing pro-
gram. A questionnaire was us erify that none of them
ahnnzged their daily living lmnex Guring the training peri-
The subjecs took par in 2 experimentl sessons of
paslural testing. The first session, called pretraining, was used
1o evaluate th capacities of postural stance. The last
session, called postiraining, was done after 3 months of TC
training or the balance training program. A clinical examina-
tion was performed for each of the 2 experimental sessions (o
exclude subjects showing any possible cause of balance alter-
ston (medicalon or diseas), Al subject cbained more then
24 points i Mini-Mental Statc Examination, showing 1o cog:
Titive impairments.5 At the begining of he sudy, tho lm
pendent Activity of Daily Living test showed that every
Eould be consicered independen in setivites of daly g

Procedure

Self-selected walking speed was assessed during 2 10-m
walk (et Subjects were miructed 1 walk af their comiort
able and preferred spcd, Subjects bgan o the sgnal -reay,

art” The investigator walked beside the patient and began
g with 3 digial stopwtch when the subject' frst foot
crossed the start line. stopped when the first foot
crossd the siop lne, although the patien continied (o walk
The displacements of the COP were recorded during a 25.6-
second unperturbed stace by & posurogaphic platfom at &
sample e of 4OHz 1 software® calculated the
temporal evol he COP dlsplwame ts.

The subjeﬂs With arms hanging tlong the body as relaxed as
possible placed their bare fect on the footprints (30° apart) of
the posturographic platform. During the test under the EO
condition or just before the test under the EC condition, the

Table 1: Description of the Balanco Training Program
Warm-up period (sitting in a chair) 5 min
id and racelve a ball while sitting on a chair,
standing, and wi 10 min
Avoiding obstacle while walking 10 min
Relaxation 5 min

subjects had to stare at a spot placed 1.5m ahead. They were
asked to keep as immobile as possible during the recordings.
We insured the stability of the environmental conditions (no
visual or auditive perturbations). The subjects were asked to
form 3 rials of bipedal stance maintained on the posturo-
graphic platform for each of the EO and EC conditions ran-
jomly for each visual condition.

Training Program

The subjects trained in TC took part weekly in 2 sessions of
30-minute TC training for 3 months. program per-
formed in this investigation was that previously described by
Wolf et al'* and also used in other studics.”*” Briefly, it
consists of learning a sequence of 10 TC forms specially
adapted for the older people. This sequence of postures in-
Volves weight shifting movements that stress the postural bal-
ance. The physical therapist focuses the attention of the prac-
tioneron he aceuracy of postre rproduction, The 10-foms
sequence was under EO and EC conditions.

e subjects rined in blance training took part weekly in
2 sessions of 30 minutes of balance training for 3 months. This
balance training program consists of practicing exercise that
involves shifting of the body mass center (sce description in
table 1). The balance exercise included standing with a de-
croased buse of support and sl sessed poslnul balance (ie,
during playful activities with a ball, 1 leg standing
exercises). Exercise included forward and o ways S(epping.
asceding and descending stais, wilking obsac courcs or

a foam floor, and reaching activities in standing (ie, small

perturbations of balance. wese performed by 8 parner with
Fackward and forward pushes). The exerciss wers realized, a5

much as possible, in the EO and EC conditions.

Data Analysis
For walking and postural data, subjects performed 2 famil-
iarization tests, and the analysis was performed on the third
trial. Walking ability was quantified as the time necessary (o
perform a 10-m walk test and expressed as walking specd
(m/s). Performance in postural maintenance was quantified by
several parameters calculated by the Satela® and Matlab soft-
ware” from the COP displacements—that is, the area covered
(OF disy hc:menw (mm’). path (mm), Veop (mms), and
1 D [Veopl/mean [Veop) expressed in
5k order (0 explou e Cossbuton of val mfommaton
during normal standing, we calculated for each parameter the
atio of EC to EO values expressed as the Romberg quotient
We calculated mean and SD of these parameters for each group
and each session of the test.

E

Statisties
Statistical analysis were performed with Statview software.c
Data are expressed as mean + SD. Changes in variables
between prr.u'mmng and postiraining and between groups were
nalyzed. Repeated-measures analysis of Variance was con-
ducte for EO and EC conditions. When F analysis of variance
values were significant, we performed a Tukey test to locate the
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significance was tested betwoen the
conditions for each group. Significant di

differences. We used a Mann-Whitney U test for across-group
comparison. The differences were considered significant for P
less than 05

RESULTS

First, we made sure that no significant differences were
abserved in pretraining between the TC and the balance trai
iog group for walking speed (1.07+026m/s for TC vs
1.09:£0.23nvs for balance training) and postural parameters
(fig 1). In posttraining sessions, we did not find significant
differences between the TC and balance waring groups for
walking speed (1.06:£0.23ms for TC vs 1.070.24m/s for
balance training) and postural parameters in the EC condition
and in the EO condition. Nnverlhcl:ss. trends of decrease in
area (see fig IA), path (see fig 1B), Veop (see fig 1), and

e variance (see fig 1D) of COP displacements were ob-
served in both groups after the training period.

Results in the £O and EC conditions for postural sway did
not change significantly between the two sessions of test for TC
and balance training groups. However, differences between
and EQ performance, and the EC/EOQ ratio revealed the impor-
tance of visual inputs in control of the postural task. In pre-
training, we found significant differences between the EC and

alance training' (BT) exercises. (A1 Area (e (8) sway o e (6 Ve i, () Vea: v
corcise o
hestod o tohowr, ~pe.gar T

ining) a training
nce (%) Statistice
ining and postiraining sessions, and betwaen EO &

EO conditions for each postural parameter in the TC and

ing groups except for area (see fig 1). In pretcain-

ing, postural sway was significantly higher in EC than in EO

for sway path (P<.01 in the TC and balance training groups),

Veop (P<.01 in the TC group and P<.05 in the balance

wraining group), and Veop variance (P<.05 in the TC and
balance training groups).

In postiraining, values of sway parameters obtained in the
EC condition were still higher than in the EO condition; that is,
for sway path, Veop (P<.01 in the TC and balance training
8roups) and Vicop variance (P<.05 in the TC group and P<.01
in the balance training group).

Walking speed was not significantly different between pre-
training and postiraining in the balance training and ips.

When analyzing the Romberg quotient for each subject
group (bl 2), we did o i sgniican: changes between he
preuraining and postiraining periods for the balance training
SR TC groups. We also did ot ind significantdiferences in
pretraining between the balance training and TC groups for any
postural sway parameters. However, in posttraining, the Rom-
berg quotients were significantly different between the balance
taining group and the TC group for Voop (P09 and for
velocity variance (P<.01). After training, the Romberg quo-

5
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Parameter and Each Subject

Table 2:

Veor Veriance (%)

Veor lmente) Pt ()

e o)

Frevaining FPostiaineg Preumining Postrening Pretaning Postmining Prevwning Postrsinog Preimaning Postsining Pretsining Postusining Preraining Posisining Pretsining Postraining

1800
06

315 232
on

127

267
164

155
o3

130
025

157
026

85
028

156
0z

170
01

159

191
047

100
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037

o052

practice program. Means and

TC and BT groups.

sway path. a

variance obtained in the
B2 icantly differ from the

training group.

trend toward o decrease in postur

pretraining

and

and TC programs. Our
studi

lenging. con

training. Our subjects were also physi

postural control and walking

of exercise. Indeed,

plopnncepllve physical activity.
“The main finding of our study
balance trai

the balance training and TC groups

When visual infc

Abbreviation: BT, balance training.

favor of TC training.

tient was 16.5% higher for velocity and 17.8% higher for
velocity variance in the balance training group than the TC
group, This can be explined by 3 nonsignificant decrease io
the TC group and a nonsignificant increase in the balance
{rsining roup for these paramelers between pretes and post

DISCUSSION

The goal of our study was to identify specific improvements
in postura ubiltis prompted by he TC program in compari-
son with a balance training program. The |2-week training
period appeared not suffcient 1o produce differences between
TC and balance training in upright standing control or in
walking ability. Indeed, no significant differences have been
shown after the TC and balance training groups in any postural
parameters or in walking speed. In the present study and as
expected, =ye clmurc lcsulwd m a significant increase in Veop:
compared with the EO condi-
tion However e vstrsining Romberg quatient for Vgp and
‘groups (which did not signif-
ing value) appearcd (o be sig-
nificantly different between the TC group and the balance

We did not find any significant modifications of postural
parameters and walking speed in enher group. However, the
ameters and mainte-
nance of walking speed could reﬂocl the benefeial influence of
the waining periods in older people. Indeed, in the absence of
training, aqn; leads 0 greater postural sway and lower walk-
ing speeds.’*1? However, given the lack of a sedentary control

roup, we cannot draw conclusions about such improvemen.
Posturographic parameters and gait velocity are not s
enough to report changes aﬁer T2 weeks of balanee vaining
inconsistent with previous
ik have shown: sxyuﬂclm effects of short-term TC
training (for about 3 months) on postural contro
provements in satic postral control after 8 or 12 weeks of a
TC program were very often found compared with a control
group. In other studics, the short-term effects of TC in older
subjects were recorded with clinical tests,”
ions, er a_more intensive program (6

times a week for 4 or 8 weeks).” No significant enhancement
of posturographic parameters was reporte

" under more chal-

d previously after TC
lly active; the 2 balance
raining programs did not enhance their bascline ability i static

speed.
reasons o hi-for exampl, nsuficient length o fequency

I effects on posturographic pa-
s wete desibe n e o regularly practiced

favor of TC practice versus
practice is that the Romberg quotient was
higher after the balance training program than the TC program.
‘The significant differences in EC/EO ratios observed between
can be explained by con-
comitant opposite trends in adaptation to visual informati
foss. Degradation of the Romberg quotient was reported with
aging’ and could explain a rend 1o ncease n balan waining.
format moved, an increase in postural
sway reveals th diffculy o be faced and the need to modify
the relative weight of sensory inputs. This increase under U
EC condition is accentuated with aging because of an increase
in visual dependency, The significanly higher postraining
Romberg quotint or Vo and Vcon varance m the balan
traiing group i comparizon wih he TC
nteesting o note i Romberg

ive

1162081

can be several

| NOTE. Subjects engaged in a BT program or 6 TC program for &

E| betwoen the TC and BT groups were raported.

LEE T T )
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quotient differences are not observed in terms of a postural
system’s performance (COP stabilization expressed by the area
and sway) but appear in terms of a postural system’s control
(COP dispacement expressed by the Veop and the Veop's
variance).

Our description of TC prompts a hypothesis cxplaining the
reason for such differences. Balance training and TC programs
involve the postural system by COP displacement. Balance
waining and TC practitioners were encouraged to perform
exccie with EC. Withthe deletion of isul Feedback duting
movemend, mavement wa contoled with propriocet
reproduce articular gl an
Tpace. However, in contrast with the balance training proj
we assume that TC practice was more focused on accuraie
teproduction of movements and forms. Moreover, improve-

ments in sensory information processing after short-term TC
practice’®'7 have been observed. In the absence of visual
information, TC practitioners were able 1o re j
moverments more accuraely thn sedentay orphysically sctive
subjects. Also, TC practitioners have shown smaller COP
placement in £C sfer vestbular sumulnllm ‘compared wil s
contol group. *© The improvement o ep i

in these previous ey ot zxplmn e snblizaton of he
Slghtly decreascd rend n Romberg qu 3 months of
pracic n the TC group. To concluce T gm e helpful to
maintain or improve the proprioception threshold for perceiv-
ing body sway oscillation when this might deteriorate with
aging in spitc of a balance imining program. Indecd, 2 TC
program requiring the accurate reproduction of movements

Sprearcd mare appropriste in decrcasng the impact of visual
dependency on postural control.

Hypothesis of a reweighting of proprioceptive inputs after
TC practice will require further study in order to verify whether
T 1p=c|ﬁnnlly h:lm pracioners pertorm beter under EC

ondi ual dependency after 12 weeks of
p s e more challenging postural
conditions (ie, single leg stance) should be performed to verify
this specific effect of TC training on postural control and its
interest in older people daily living.

ions in

5
3
F
&

CCONCLUSIONS

Resuls of ou study demonstrated smilaefects o 12:weck
“TC and balance training programs on postural control o walk-
ing ability in older people. None of 1 "be oulcome mensares
showed significant change posluaiing in the TC or balance
uraiing groups. However,compared EO/EC ratio
mberg quotient was smmﬁmmly Higherafer

raining program, Suggestng that TC showld. be
elpful 0 limit the eye closure effects on postural conval. We
thus hypathesize thal  TC program lght i the deleterions
cffects of aging on sway pereeption i the abscree of visua
Saformation Compared wilh 8 SAAnce waining program.
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