
The Effect of Tai Chi Quan and 
Computerized Balance Training on 
Postural Stability in Older Subjects 

Background and Purpose. This study explored whether two exercise 
programs would affect the ability to minimize postural sway of 72 
relatively inactive, older subjects who participated in the Atlanta 
FICSIT trial. Subjects. Subjects were randomly assigned to (1) a 
computerized balance training group, (2) a tai chi group, or (3) an 
educational group serving as a control for exercise. Each group 
consisted of 24 members. Methods. All subjects were evaluated under 
four postural conditions before, immediately after, and 4 months 
following their respective interventions, each of which was given over 
15 weeks. Results. Platform balance measures revealed greater stability 
after training among subjects in the balance training group but little 
change in stability among subjects in the tai chi and educational group. 
Subjects in the tai chi group were less afraid of falling after training 
compared with subjects in other groups with similar covariates. Con- 
clusion and Discussion. Unlike computerized balance training, tai chi 
does not improve measures of postural stability. Because tai chi delayed 
onset to first or multiple falls in older individuals, this effect does not 
appear to be associated with measures of enhanced postural stability. 
Tai chi may gain its success, in part, from promoting confidence 
without reducing sway rather than primarily facilitating a reduction in 
sway-based measures. [Wolf SL, Barnhart HX, Ellison GI,, et al. The 
effect of tai chi quan and computerized balance training on postural 
stability in older subjects. Phys Ther. 1997;77:371-381.1 
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any authors1-"ave noted that exercise is a 
generic intervention with demonstrated 
physiological and psychosocial benefits for 
all age groups, including older individuals 

with specified chronic conditioris. I~riprovements in mus- 
cle strength,huscle mass," cardiovascular ~ t a t u s , ~ - l ~  
fatigue resistance," and hypertension" among older 
people who exercise are well documented. As facilitators 
of these improvements, physical therapists seek to regain 
or maintain maxiinal independence or prevent depen- 
dence for their older clients. These goals are often 
sought through innovative exercise programs and 
through precise documentation of physiological 
changes. 

In 1990, the National Institute on Aging initiated the 
FICSIT (Frailty and Injuries: Cooperative Studies on 
Intervention Techniques) trials to explore novel inter- 
ventions designed to have an impact on physiological, 
behavioral, and environmental dimensions related to 
frailty or falls in elderly individuals and, in the process, 
define a common database across sites. The work com- 
pleted by Fiatarone and colleagues~~emonstrated that 
iritense strength training improved lower-extremity 
force by 113% in older nursing home residents com- 
pared with a control group with concomitant improve- 
ments in gait speed, stair climbing, cross-sectional thigh 
muscle area, and spontaneous physical activity. Tinetti's 
group14 demonstrated that a multifactorial program, 
including adjustment of medications, home exercise 
prescription, and behavioral instructions, resulted in a 
reduction in the numbers of falls among older individ- 
uals residing in independent living sites compared with 
a control group of older people receiving social visits. 
Wolfson and coworkers~~howed  that a combined 
strengthening and weight training program had a favor- 
able impact on a variety of balance measures among 110 
community-dwelling persons with a mean age of 80 

years. When all FICSIT site interventions were grouped 
into categories by defining the prevailing aspect of each 
intervention as emphasizing balance, strength, or endur- 
ance, those treatments emphasizing a balance compo- 
nent delayed the onset of first falls more than did 
strength or endurance interventions compared with all 
control groups across sites.lVurthermore, the balance 
intervention most contributing to this delay was tai chi 
(TC) . 

At the Atlanta FICSIT site, the TC intervention for older 
subjects was compared with computerized balance train- 
ing (BT) and with a control condition (ED) for subjects 
who attended weekly educational sessions without 
changing their exercise routine. We chose to explore 
these interventions because olour interests in frailty and 
falls and because of our past interests in using feedback 
of physiological events to shape movement c ~ n t r o l . ~ , ~ ~  
These particular interventions present an intriguing 
contrast. Computerized balance training is an individu- 
alized, high-technology procedure, whereas TC is a 
group activity that promotes socialization and requires 
no special equipment or space needs.'" Computerized 
balance training uses force transducers embedded in 
platforms that detect and resolve changes in center of 
mass within three Indeed, these devices have 
been used to train patients with hemiplegia to improve 
standing b a l a n ~ e . ~ ~ , ~ - '  Our results revealed that TC 
delayed the onset of first or multiple falls by 47.5% 
compared with BT or ED and also reduced the subjects' 
fear of falling.'" 

This finding is relevant because one of the more perva- 
sive objectives of many geriatric therapeutic interven- 
tions is to improve or maintain "balance" in order to 
promote functional independence and eliminate or 
reduce fall-related events. An important principle under- 
lying this approach is the need to enhance or maintain 
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postural stability."' Accordingly, the purpose of our 
studv was to explore whether the two training interven- 
tions used at the Atlanta FICSIT site actually affected the 
subjects' ability to minimize postural sway under defined 
perturbation conditions. This exploration in older indi- 
viduals is particularly relevant if successful demonstra- 
tions of' postural stability are viewed as necessary precur- 
sors to reductions in falls or diminished fear of falling. 

Interventions 
Computerized balance training provides feedback to a 
person who is positioned on a force platform. The 
resolution of outputs from several force transducers is 
resolved as a cursor displayed on  a monitor placed in 
front of'the subject. Targets can be placed on the screen, 
and through weight shifts, with or without concurrent 
movement from the platform on which the individual 
stands, progressive increases in center of pressure dis- 
placement can be explored. In our study, older partici- 
pants engaged in a 15-week training session, during 
which they received 1 hour of instruction each week. 
Training progressed from standing while maintaining a 
stable center of mass to displacements through greater 
excursiorls with targets delineated at appropriate dis- 
tances. These efforts were undertaken with eyes open 
and then closed. Training tasks were made more com- 
plex by including linear (maximum movement, -+2.54 
cm from zero start position; speed, 10-130 seconds per 
cycle) and angular (maximum movement, 4" toes down 
and 4" toes up; speed, 4-45 seconds per 4" of tilt) 
displacements while subjects first maintained a stable 
center of mass. The subjects would subsequently try to 
move the cursor into appropriate targets during plat- 
form movement. These efforts were made more complex 
by progressively increasing the range and speed of 
platform excursions. A more detailed accounting of this 
intervention is presented elsewhere." Sway data were 
obtained from the same device with which participants 
in the RT group were instructed. A device-specific train- 
ing effect, therefore, could have occurred. At no time, 
however, did the training regimen include the instruc- 
tion or task specification used in the evaluation. 

Tai chi quan is a martial art that has been used in China 
for centuries. Within approximately the past 300 ytars, 
TC has been adapted as an exercise and practiced in 
Oriental cultures by people of all age groups, but notably 
by many older persons. There are 108 "forms" within TC. 
For the purpose of this study, these forms were synthe- 
sized to 10 forms so that the intervention could be 
successfully completed by cohorts of 12 subjects each 
over 15 weeks. Each cohort of the TC group met twice a 
week for 1 hour. The first meeting of the week was to 
acquaint the group with the form. The second meeting 

permitted individualized attention to practice and facil- 
itate accurate movement technique. The movement 
elements contributing to each form became progres 
sively more complex and required gradual increases in 
head, neck, and trunk rotation, with a sim~iltaneous 
reductiori in base of support. 

An ED group was also included as a control for exercise. 
This group also consisted of two cohorts of 12 members 
each who met once a week for a 1-hour session over the 
course of 15 weeks. Meetings were arranged so that a 
variety of topics were discussed, including polypharmacy, 
memory loss, bereavement, sleep disturbances, falls, and 
other issues of importance to each group. 

Although the TC group met twice a week in contrast to 
the weekly meetings of the BT and ED groups, the total 
contact time with individual participants was the same, 
that is, approximately 1 hour. At each meeting of the TC 
group, the instructor would demonstrate and review the 
movements to be learned. The actual contact time spent 
explaining and working with subjects in the TC group 
was comparable to the contact time the clinician expe- 
rienced with each subject in the BT group each week. 

Subjects 
To qualify for participation in the Atlanta FICSIT trial, 
all subjects had to live independently and have access to 
a central site where all interventions were scheduled. 
Subjects were at least 70 years of age; free from progres- 
sively debilitating processes such as Alzheimer's or Par- 
kinson's disease, metastatic cancer, or severe arthritis; 
and capable of walking across a room independently or 
with a cane. All subjects gave informed consent prior to 
participation. 

The Atlanta FICSIT trial consisted of 200 eligible s u b  
jects who were randomly assigned to TC, BT, and ED 
groups. Among these 200 subjects, the last 72 subjects 
were deliberately recruited from the independent living 
center at Wesley Woods, a facility about 1.6 km (1 mile) 
from the Emory University (Atlanta, Ga) campus. For 
the purposes of this report, we will consider only these 
72 subjects, with 24 subjects randomly assigned to each 
group. The reasons are as follows. First, in contrast to 
their predecessors in this study, these people tended to 
be reclusive. They did not participate in activities 
because of perceived limitations in mobility and were 
reluctant to leave their rooms other than for meals or 
some social events. Compared with community-dwelling 
older subjects who were recruited earlier in the Atlanta 
FICSIT study and who eagerly sought activities to 
enhance their lives, these 72 subjects were considerably 
less active. Second, with few exceptions, conlplete data 
sets on force transducer outputs were available for these 
72 subjects. 

Physical Therapy. Volume 7 7 .  Number 4 . April 1997 Wolf et al . 373 

D
ow

nloaded from
 https://academ

ic.oup.com
/ptj/article/77/4/371/2633149 by guest on 19 April 2024



Measurement Equipment 
The intent of this study was to examine subtle changes in 
postural control that might not be detected through the 
more traditional measures of one-leg or tandem stance 
times. Accordingly, the Chattecx Balance systemT"* was 
selected to acquire postural stability measurements 
under defined conditions. This device contains two force 
plates on which an individual stands. Each force plate 
contains eight transducers that resolve pressure changes 
into x and y coordinates over 20-second intervals. Several 
measures can be derived from data storage. The antero- 
posterior displacement reflects the range of data points 
gathered in the y axis during efforts at maintaining 
totally stable posture (COB-Y). Side-to-side displacement 
reflects the range of data points in the x axis (COB-X). 
Differences in heel-toe pressure are the differences in 
voltage values between the posteriorly and anteriorly 
placed transducers in both planes. The dispersion index 
reflects the variability or scatter of x and y coordinates 
and is based on how far the points deviate from the 
mean center of pressure. For all three measures, the 
larger the values, the greater will be the displacement, 
pressure, or sway, respectively. All measures are 
expressed as voltage resolution of outputs from force 
transducers that manifest changes in weight 
distributions. 

Measurement Conditions 
Subjects were evaluated on the Chattecx Balance Sys- 
ternTh' before and after interventions as well as at 
4month follow-up. Testing conditions were always 
sequential and designated as (1) quiet standing, eyes 
open (condition A), (2) quiet standing, eyes closed 
(condition B), (3) toes up  (angular perturbation of 4" 
over 4 seconds), eyes open (condition C), and (4) toes 
up, eyes closed (condition D).  In each instance, data 
were gathered for 20 seconds and each condition was 
repeated three consecutive times, from which an aver- 
aged response was noted. 

Data Analysis 
Baseline characteristics and preintervention values of 
balance measures and fear of falling were compared 
among the three groups. Fisher's Exact chi-square test 
was used to determine the significance of differences for 
categorical variables, and the Kruskal-M'allis analysis of 
variance (F test) was used for continuous variables." For 
each balance measure (dispersion, COB-X, COB-Y) , 
under each condition, a repeated-measures analysis of 
covariance (ANCOVA)""(hvo times [postintervention 
and follow-up] X three groups) was performed to test 
the overall group effect and the interaction of time and 
group, where preintervention balance measures and 
baseline characteristics were used as covariates for 

* Chattrcx Corp, PO Box 489, Chattanooga. T N  37343.0489 

adjustment. In addition to the repeated-measures 
ANCOVA for each of the 12 balance outcome measures, 
a factor analysis was also undertaken to reduce the 
number of outcome variables to a fewer number of 
factor variables." If the factor variables were intuitively 
reasonable, that is, if the grouping of factors seemed 
appropriate to better comprehend and interpret the 
data, the repeated-measures analyses were performed on 
the factor variables. The Tukey's method was used for 
pair-wise comparisons. Probability values less than .05 
were considered to be significant in these analyses. 

To explore the status of fear of falling in relation to 
balance measures, scales of the four-scale fear-of-falling 
questionnaire14 (1 =not at all afraid, 2=somewhat afraid, 
3=fairly afraid, 4=very afraid) was combined to form a 
twescale measure (1 =afraid, O=not afraid). A logistic 
regression model was developed to assess the odds ratios 
for fear-of-falling status in terms of time (preinterven- 
tion, postintervention, and follow-up), group indicators, 
balance measures (as time-dependent variables), base- 
line characteristics, the interaction of time and group 
indicators, and the interaction of group and balance 
measures. The generalized estimating equation meth- 
od30 was used for parameter estimation. The variables 
selected for model building were baseline covariates that 
were significant among the three groups, variables that 
were known risk factors of fear of falling, and all balance 
measures. The final model retains all variables ~41th 
probability values less than .20. The probability value of 
.20 was chosen because the sample size was relatively 
small for a dichotomous outcome variable and the goal 
of this analysis was exploratory. The odds ratios were 
computed from the final model for interpretation. Stan- 
dardized residuals were examined for goodness of fit. A1 
analyses were performed on subjects who had complete 
data at all three time periods for platform or fear-of- 
falling measurements and who had baseline characteris- 
tics used in the modeling. 

Results 

Baseline Characteristics 
More than 40 baseline demographic data, including 
cognitive and quality-of-life variables, were compared 
among the three groups. Only a few differences among 
three intervention groups were observed. Table 1 dis- 
plays the important baseline variables and some selected 
baseline variables by group. The BT group engaged in 
fewer volunteer activities than did the other two groups 
(6 subjects versus 14 subjects in the ED and TC groups, 
P<.028). The ED group had lower scores for both trails 
A (34.0 versus 47.3 for the BT group and 48.4 for the TC 
group, P<.0003) and trails B (92.9 versus 121.2 for the 
BT group and 129.1 for the TC group, P<.00039) tests. 
These tests measure visual conceptual and visuomotor 
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Table 1. 
Baseline Demographic Characteristicsa 

BT (n=24) ED (n=24) TC (n=24) 

Characteristic n (96) n (%) n (%) P 

Age (X%SD] 77.756.5 75.224.9 77.7%5.6 .20 
Female 19 (79.2) 22 (91.71 19 (79.2) .46 
Live alone 12 (50.0) 11 (45.8) 13 (54.2) ,846 
Volunteer 6 (25.0) 14 (58.3) 14 (58.3) ,028 
MMSE score (X%SD) 29.22 1.2 29.320.9 29.321 .O .90 
CESD score (X%SD) 7.555.8 8.4%6.8 7.925.8 .97 
Raw digit-symbol (X%SD) 38.1 21 1.4 45.1 %12.9 37.528.8 ,072 
Trails A score (X%SD) 47.3224.9 34.0% 12.5 48.82 15.8 ,0003 
Trails B score (XkSD) 121,2259.9 92.9535.5 129.1 238.0 ,0039 
Weight ( X ~ S D )  153.2229.9 147.422 1.6 143.5%25.8 .55 
Systolic blood pressure (X?SD] 144.5522.1 141.6%25.9 141.4221.6 .85 1 
Body mass index [X%SD] 26.353.7 25.623.9 25.4%3.3 .59 
Cancer, malignancy, or tumor 15 (62.5) 6 [25.0) 9 (37.5) .027 
Arthrit~s 17 170.8) 15 (62.5) 18 (75.0) .63 
Medication for hypertension 13 (54.2) 11 (45.8) 1 1 (45.8) .80 
Cataract 13 (54.2) 9 (37.5) 14 (58.3) .3 1 
Fell last year 6 (25.0) 9 (37.5) 15 (62.5) ,027 
Fall selfefficacy scale ( X ~ S D )  14.824.6 13.252.7 13.423.4 .6 1 3 

"Over 23 additional characteristics were not different at baseline. BT=computerizc 
State Examination, CESD=Center for Epidemiological Studies Depression Scale. 

tracking abilities." Another behavioral test, the Folstein 
Mini-Mental State E~amina t ion ,~~  which measures cog- 
nitive mental status, and all other behavioral measures 
did not detect differences at baseline. 

More BT group participants had been treated for cancer 
(15 subjects versus 6 subjects in the ED group and 9 
subjects in the TC group, PC.027, chi-square test). 
Although more TC group participants had fallen within 
the past year (15 subjects versus 6 subjects in the BT 
group and 9 subjects in the ED group, P<.027), these 
differences were not reflected in baseline responses on 
the fear-of-falling questionnaire. Additional baseline 
data among many other variables, including Instrumen- 
tal Activities of Daily Living Scale" score, Sickness 
Impact Profile32 score, sleeping patterns, and alcohol 
intake, were not different among these groups. 

Balance Measures 
The factor analysis did not result in meaningful factor 
variables from the 12 balance measures; that is, these 
balance measures could not be grouped into identifiable 
and relevant balance variables. Thus, an ANCOVA for 
repeated measures for each balance measure was used 
for reporting. There were some differences in preinter- 
vention balance measures among the three groups. For 
consistency, the repeated-measures ANCOVAs (two 
times [postintervention and follow-up] X three groups) 
were all adjusted for preintervention balance measures 
and baseline characteristics. Tables 2 through 4 show the 
results for balance measures under the four testing 
conditions at three time points. There were time and 
group interactions (column 6 in Tabs. 2-4) for disper- 

*d balance training. ED=education (control), TC=tai chi, MMSE=Mini-Mental 

sion (condition A) and COB-X (condition C). The 
overall group effects were seen for the dispersion (con- 
ditions C and D), COB-X (condition C), and COSY 
(condition A) measures. The Tukey's pair-wise compar- 
isons showed that these group effects were due mostly to 
the reduction in force values between the BT and TC 
groups and between the BT and ED groups. 

In summary, the dispersions under conditions C and D 
were reduced substantially between the preintewention 
and postintervention evaluations for the BT group (con- 
dition C, 21.80 to 13.70; condition D, 35.81 to 26.66) 
compared with the TC group (condition C, 23.78 to 
21.17; condition D, 37.81 to 38.49) and the ED group 
(condition C, 22.13 to 19.59; condition D, 35.03 to 
33.82) (P<.0001, Tab. 2). Subjects in the BT group also 
had increased dispersion from the postintervention eval- 
uation to the 4month follow-up compared with the ED 
and TC groups for condition A (BT group, 7.44 to 8.14; 
ED group, 7.22 to 7.43; TC group, 9.57 to 8.30) ( P . 0 3 ) .  
For the COB-X measure in condition C, there was a 
greater decrease between the preintewention and 
postintervention evaluations for the BT group (4.50 to 
1.07) than for the TC group (3.87 to 3.04) and the ED 
group (3.08 to 4.07) ( F . 0 2 ,  Tab. 3). Subjects in both 
the BT and TC groups started to increase the COB-X 
measure at follow-up, but the magnitude was larger for 
the TC group (3.04 to 5.40, F .0184,  Tab. 3). The BT 
group also had substantially greater reductions in COB-Y 
measures for conditions A (5.66 to 1.26) and B (10.75 to 
5.14) compared with the TC group (condition A, 3.70 to 
3.69; condition B, 12.38 to 12.86) and the ED group 
(condition A, 5.14 to 4.98; condition B, 12.00 to 11.04) 
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Table 2. 
Dispersion Measures by Condition, Time, and Group" 

i 

BT Group (n= 16) ED Group (n= 19) TC Group (n= 19) 
- - - 

Condition/~ime~ X SD X SD X SD Group PC Interaction PC 

A 
Preintervention 9.37 3.35 7.46 2.06 10.50 5.05 ,9891 ,0344 
Postintervention 7.44 2.46 7.22 2.72 9.57 3.20 
4-month follow-up 8.14 2.59 7.43 1.86 8.30 3.15 

8 
Preintervention 15.49 4.17 12.93 4.2 1 18.15 5.06 .31 18 ,0837 
Postintervention 1 3.97 5.70 14.85 5.40 15.42 4.48 
4-month follow-up 16.27 7.25 14.67 8.70 17.76 8.44 

C 
Preintervention 21.80 6.09 22.13 5.77 23.78 6.17 ,0001 .2681 
Postintervention 13.70 3.89 19.59 3.86 21.17 4.92 
4-month follow-up 14.81 4.19 18.67 18.67 21.19 6.89 

D 
Preintervention 35.81 7.78 35.03 6.59 37.81 5.99 ,0001 ,4505 
Postintervention 26.66 9.06 33.82 6.62 3 8.49 6.1 1 
4-month follow-up 27.62 6.96 33.08 6.98 36.69 6.56 

" BT=computerized balance training, ED=education (control), TC=tai chi. 
%=quiet standing, eyes open: B=quiet standing, cycs closed; C-tors up, eycs opcn; D=toes up, eyes closed. 
' Group and interaction probabilin values were obtained froill 2 x 3  (two time pointsxthree groups) analysis of  covariance using prrintervention and haeline 
chxracteristics as covariatrs. 

Table 3. 
Measures of Center of Balance in the X Axis by Condition, Time, and Group" 

I BT Group (n= 16) ED Group (n= 19) TC Group (n=19) 
- - - 

Condition/Timeb X SD X SD X SD Group PC Interaction PC I 
A 

Preintervention 2.67 2.67 2.01 1.68 2.66 2.28 ,4637 ,5596 
Postintervention 1.52 1.12 2.48 2.09 3.42 3.86 
4-month follow-up 1.90 1.85 2.06 1.88 2.69 2.19 

B 
Preintervention 6.98 6.10 5.08 4.96 7.92 6.18 ,4986 ,9323 
Postintervention 3.75 4.16 5.39 4.99 5.40 5.32 
4-month follow-up 5.63 4.27 6.41 5.58 6.78 5.70 

C 
Preintervention 4.50 3.98 3.08 2.06 3.87 3.28 ,0220 .O 1 84 
Postintervention 1.07 0.62 4.07 3.14 3.04 2.18 
4-month follow-up 1.73 1.95 3.07 2.17 5.40 5.11 

D 
Preintervention 8.18 5.86 5.39 3.3 1 6.28 5.42 ,1890 ,836 19 
Postintervention 6.3 1 4.63 5.17 3.05 5.34 3.96 
4-month follow-up 7.28 5.88 6.69 3.90 5.64 5.17 

" BT=cornputeri~ed balance training, ED=education (control), TC=tai chi. 
".4=quiet standing, eyes open; B=quiet standing, eyes closed; C=toes up, eyes open; D=toes up, eyes closed. 
'Group a i ~ d  interaction probabili? values were obtained frorn 2 x 3  (two time pointsxthree groups) analysis of covariance using preinte~vention and baseline 
characteristics as cowriates. 

( F . 0 0 7  and F.0572 ,  respectively; Tab. 4) .  Subjects in Fear of Falling 
the TC group tended to show greater dispersion and Fifty-two subjects had complete data for the fear-of- 
lateral motion (COB-'t? immediately after the interven- falling questionnaire and covariate values. Table 5  dis- 
tion in angular perturbation conditions. plays the frequency of fear of falling by group and time. 

There were no differences in fear-of-falling status 
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Table 4. 
Measures of Center of Balance in the Y Axis by Condition, Time, and Groupa 

BT Group (n= 16) ED Group (n= 19) TC Group (n= 19) 
- - - 

Condition/Timeb X SD X SD X SD Group PC Interaction PC 

A 
Preintervention 5.66 4.56 5.14 5.64 3.70 3.22 .0070 ,6553 
Postintervention 1.26 0.93 4.98 4.07 3.69 4.48 
4-month follow-up 1.86 1.57 4.52 3.36 4.02 3.1 1 

B 
Preintervention 10.75 6.72 12.00 12.42 12.38 8.82 ,0572 1 869 
Postintervention 5.14 4.35 1 1.04 9.79 12.86 7.35 
4-month follow-up 5.70 4.87 6.5 1 7.22 9.18 7.75 

C 
Preintervention 6.15 5.59 8.24 7.86 5.37 4.68 ,3244 ,3165 
Postintervention 2.29 2.92 6.37 3.62 6.42 6.07 
4-month follow-up 3.71 4.17 4.88 4.74 6.58 8.55 

D 
Preintervention 12.61 8.60 13.38 10.92 9.13 6.19 ,5858 ,673 1 
Postintervention 10.87 10.95 12.28 8.26 14.26 7.40 
4-month follow-up 10.91 10.51 10.32 7.41 10.92 6.22 

" BT=computerized balance training, En=erlucation (control), TC=tai chi. 
h A = q ~ ~ i e t  standing, eyes open; B=quiet standing, eyes closed; C=toes up, eyes open; D=toes up, eyes closed. 
' Group aud interaction probability values were obtainetl from 2x3 (hvo time pointsxthree groups) analysis of covariance using preir~tewention and baseline 
characteristics as covariates. 

Table 5. 
Frequency of Fear of Falling by Group and Time" 

BT Group (n= 1 7) ED Group (n= 19) TC Group (n= 16) 

Time n ('10) n (Oh) n (%) P 

Preintervention 10 (58.8) 1 1  (57.9) 9 (56.3) .99 
Postintervention 10 (58.8) 13 (68.4) 5 (31.3) .08 
4-month follow-up 10 158.8) 1 1  (57.9) 9 156.3) .99 

" BT=conip~rtrt ized balance training, ED=rducation (control), TC= tai chi. 

between the three groups at baseline. Subjects in the TC 
group appeared to be less afraid immediately after 
intervention (P=.08); specifically, the responses of the 
subjects in the BT group did not change, two more 
responses in the ED group showed greater fear (13 
versus l l ) ,  and four more responses in the TC group 
showed less fear (5 versus 9). Subjects in all three groups, 
however, returned toward preinten~ention levels by the 
4month follow-up. It should be noted that these prob- 
ability values may not be real, as the correlations from 
repeated measurements and differences in baseline 
characteristics were not adjusted. Application of the 
logistic regression model, using generalized estimating 
equations, however, addresses this problem. In addition, 
the samc subject may not have reported being "afraid" to 
fall at all three time points. Seventy-one percent of the 
subjects in the BT group reported no change in fear-of- 
falling status at all three time points, compared with 60% 
in the ED group and 44% in the TC group (P=.27). 

The logistic regression model for repeated binary out- 
comes was used to fit these data, adjusting for covariates, 
using the generalized estimating equation approach. 
Table 6 presents the results from the final logistic 
regression model. There was no lack of fit, as deter- 
mined by small standardized residuals. Living alone was 
positively associated with fear of falling (odds 
ratio= 3.865, P= .037). Systolic blood pressure was nega- 
tively associated with fear of falling, but the magnitude 
was small. 

To interpret the variable estimates from time-dependent 
covariates that interacted with each group, odds ratios 
were calculated by group for various comparisons in 
Table 7. Subjects in the TC group were less afraid of 
falling after the intervention compared with subjects in 
the BT and ED groups who had similar covariates (odds 
ratio=0.298 and 1.436, respectively; F . 1 3 ) .  The BT and 
ED groups had increased odds ratios for fear of falling 
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Table 6. 
logistic Regression Model for Repeated Measures of Fear of Falling Using the Generalized Estimating Equations Approach 

Variablesa Estimator Odds Ratio Z Robust Score P 

Baseline covariates 
Live alone 
Systolic blood pressure 
Fall selfefficacy scale 

I Timedependent variables and variables with interaction 
COB-X in condition A 

I Time 2 (postintervention) indicator 
Time 3 (4-month follow-up) indicator 

BT indicator 
TC indicator 
TC indicatorxlime 2 indicator 
TC indicatorxtime 3 indicator 

COB-Y in condition A 0.22 1 2.24 .025 
COB-Y in condition AxBT indicator -0.205 -1.61 . l l  
COB-Y in condition AxTC indicator 0.01 1 0.08 .94 

" BT=computerized balance training; ED=education (control); TC=tai chi: COB-X=center of balance in x axis; COB-Y=center of balance in y axis; corldition 
A=quiet standing, eyes open. 

Table 7. 
Odds Ratios for Fear of Falling for Time-Dependent Variables That Interact With Group" 

P 

BT Group TC Group 
Versus Versus 

Variables BT Group ED Group TC Group ED Group ED Group 

Preintervention 1 .O 1 .O 1 .O 
Postintervention 1.436 1.436 0.298 NSb . I 3  
4-month follow-up 1.095 1.095 0.937 NS NS 

COB-X in condition A at preintervention 1 .O 1 .O 1 .O 
COB-X in condition A at postintervention (one-unit decrease) 1.958 1.958 0.406 NS . I3  
COB-X in condition A at 4-month follow-up (one-unit decrease) 1.493 1.493 1.278 NS NS 

COB-Y in condition A at preintervention 1 .O 1 .O 1 .O 
COB-Y in condition A at postinterventionc (one-unit decrease) 1.413 1.151 0.236 . l l  . I  1 
COB-Y in condition A at 4-month follow-up (one-unit decrease] 1.078 0.878 0.743 NS NS 

aBT=computerized balance training; ED=education (control); TC=tai chi; COB-X=center of balance in x axis; COB-Y=center of balance in y axis; condition 
A=quiet standing, eyes open. 
".08 for BT group versus TC group. 
'NS=not significant at .2 level. 

between the prei~ltervention and postintervention eval- 
uations for 1 unit of reduction in COB-X for force under 
condition A, but the odds ratio for fear of falling 
decreased to 0.406 for the TC group. On average, all 
subjects showed a small reduction in COB-X under 
condition A (Tab. 3). There was no interaction be- 
tween COB-X under condition A and treatment group 
(Tab. 6). The odds ratio for fear of falling was 1.413 
times higher immediately after intervention than before 
intervention for subjects in the BT group with 1 unit of 
reduction in COB-Yfor force under condition A, but the 
odds ratio was 0.236 lower for the TC group (P= .08). On 
average, the BT group had 4.4 units of reduction in 
COB-Y for force under condition A from the preinter- 

vention evaluation to the postintervention evaluation, 
and the TC group had only 0.01 unit of reduction 
(Tab. 4). Thus, applying the logistic regression model 
(Tab. 6) yielded an odds ratio for fear of falling that was 
1.34 times higher for the BT group but 0.30 times lower 
for the TC group, on average. 

Discussion 
The analyses of data for the 72 inactive older subjects 
selected from the Atlanta FICSIT randomized trial sug- 
gest that the 15-week computerized BT improved pos- 
tural stability, as reflected in platform data output. The 
improvement in COB-X or COB-Y in condition A was 
associated with increased fear-of-falling responses in the 
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BT and ED groups. The 15-week TC practice did not 
improve postural stability, but might have reduced fear 
of falling. Our analyses of fear of falling, however, were 
based on a small sample size and the possibility of a 
relatively large Type I error. Further investigations are 
needed to confirm these exploratory findings. 

Evaluation of balance often requires the application of 
more sophisticated clinical and computer-based tests 
among older individuals, regardless of whether they are 
active or inactive. This concern is particularly true if 
subjects do not have documented histories of falls or 
definitive pathologies contributing to postural instabil- 
ity. This type of evaluation is also necessary to gain 
insights into innovative interventions developed to 
reduce falls or attributes of frailty. In our study, the 
participants were older, represented varying degrees of 
independence, and participated in nontraditional treat- 
ment forms. The interventions lasted only 15 weeks, and 
at no time did weekly contact exceed 2 hours. We 
believe, therefore, that the increased stability demon- 
strated by the BT group is remarkable. 

On first glance, these findings may not be surprising. 
Subjects in the BT group were trained on the same 
instrument with which they were tested; thus, a high 
degree of user familiarity was present. This explanation 
for improved stability is unlikely for several reasons. 
First, the testing situatiorl was not included as part of the 
training, and subjects in the BT group were trained to 
increase sway. Second, if familiarization with instrumen- 
tation had been a primary factor for enhanced postural 
stability, then we would expect that the other two 
intervention groups would have shown reduced force 
platform measurements at repeat test intervals (post- 
intervention and 4month follow-up). 

Coogler and WolF~%a\~e reported that among 85 elderly 
adults, those assigned to the control group tested with 
the same magnitude of postural stability as subjects 
engaged in a sensory training balance program mea- 
sured at l week and 4 months after completion of 
training. Yet, in the present study, the TC group in 
particular showed increased sway at the postintervention 
evaluation for several conditions. In contrast, Hu and 
Wool1a~o t t :~~ tud ied  24 older subjects, half of whom 
were given training for 1 hour a day over 10 to 15 days to 
enhance stability. Fol lo~~-up at 1 and 4 weeks after the 
completion of training indicated that improved stability 
persisted in five of eight training conditions, as com- 
pared with the control subjects. This improvement was 
attributed to enhanced integration of sensorimotor 
function within the nemous system rather than to repe- 
tition, selected cognitive processing, or improved endur- 
ance. Although the intensity of their intervention was 
comparable to ours, the robustness of their subjects was 

probably superior, and the duration of follow-up moni- 
toring was four times shorter. Thus, we would expect 
decay in their performance by +month follow-up as well. 

Last, it could be argued that the improved stability might 
be unique to older people or due to increased muscle 
strength" derived from the BT group. This explanation 
is also unlikely because there were no baseline differ- 
ences in strength among the groups'Qnd similar mag- 
nitudes of stability have been demonstrated on a similar 
instrument after training of a younger group.:%" 

The meaning underlying successful efforts to reduce 
sway should be viewed in a behavioral context. There- 
fore, changes in fear of falling responses were examined. 
These data were evaluated by adjusting for different 
baseline and time-dependent covariates. Although the 
impact of these interventions did not affect fear of 
falling profoundly, only the TC group showed some 
indication of less fear of falling. In addition, if it can be 
assumed that a change in a response on a fear-of-falling 
questionnaire over time indicates a change in attitude 
toward falls, the BT group showed the least change, with 
71% of the subjects always indicating the same response, 
whereas only 44% of the subjects in the TC group gave 
the same fear responses over time. 

The generalized estimating equation approach was used 
to fit a logistic regression model so that we might further 
understand the interrelationship between postural mea- 
surements and other key variables. As might be antici- 
pated, living alone increased the odds ratio for fear of 
falling (odds ratio=3.865, Tab. 6) ,  irrespective of group 
assignment, whereas lower systolic blood pressure read- 
ings were weakly associated with fear of falling. M'hen 
assessing fear of falling by group and time (Tab. 7) after 
controlling for all other covariates, the limited impact of 
BT training became apparent. The BT and ED groups 
showed an odds ratio for fear of falling of 1.436 at the 
postinternention evaluation, compared with an odds 
ratio of 0.298 for the TC group. When trained to 
improve postural stability, the BT group increased the 
odds ratio for fear of falling by 1.413 at the postinter- 
vention evaluation, compared with an odds ratio of 0.236 
for the TC group, for one unit of reduction in sway force 
in the anteroposterior direction during quiet standing 
(Tab. 7). Conceivably then, TC training, although prcl 
moting less fear of falling and greater sway in specific 
sagittal or coronal planes, may also allow subjects to feel 
more confident during quiet standing. Alternatively, 
increasing postural stability, even during the more basic 
task of quiet standing, following training with a comput- 
erized balance device does not ensure a change in fear of 
falling when other baseline covariates are controlled. 
Fear of falling is augmented among these subjects. 
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From these observations, we conclude that computer- 
ized BT, as applied in this study, enhanced postural 
stability measured from a force platform for participants 
receiving BT. These changes were not manifest in less 
fear of falling. These observations, when combined with 
the fact that BT had no impact on other psychosocial 
variables such as self-mastery,25 call into question 
whether enhanced postural stability in older individuals 
is a necessary or appropriate condition to influence 
falling events or acquisition of behaviors that would 
instill confidence to successfully combat unexpected, 
real-life perturbations. On the other hand, the increased 
force transducer values noted after the intervention, 
which were indicative of less stability, were seen in 
angular perturbation conditions (dispersion and 
COB-Y) in the TC group. This observation would only 
strengthen this difference between the BT and TC 
groups. This difference between the groups, therefore, 
may have been caused by the combined enhanced 
stability of the BT group and the reduced stahility of the 
TC group over time. Neither intervention had enough 
long-term impact on fear-of-falling responses beyorid the 
intervention, because the odds ratios for fear of falling 
were virtually identical among all three groups at the 
Cmonth follow-up (Tab. 7). 

In light of the fact that TC delays onset time for falling 
in older individuals,z5 the potential importance of this 
exercise form warrants more delailed scrutiny. We know 
that TC emphasizes increased total body movement, 
particularly in rotational planes, with gradual narrowing 
of base of s u p p ~ r t . ~ " ~ ~  Ostensibly, this movement behav- 
ior would encourage greater total body displacement 
capahilities. If our TC practitioners wcre incorporating 
these changes into their postural stances, enhanced 
sway, especially during angular displacenlents, would be 
a very real possibility. This behavior could only be 
manifest with practice and was seen for angular displace- 
ments at postintervention and follow-up evaluations for 
conditions of dispersion and COB-Y. These observations 
at the very least raisc the intriguing notion that reduced 
falling events seen in TC practitioners may be associated 
with training to increase rather than decrease postural 
instability. 

The fact that changes in fear-of-falling responses did not 
persist to follow-up for the TC group may indicate a 
need for a more intense or longer intervention to 
maintain a sense of well-being. Determining the validity 
of these speculations must await measurements taken 
from a larger sample of TC practitioners, including 
those who are more "active" than the subjects from 
which our platform data were taken. 

Last, we do not know the influence that the TC instruc- 
tor may have had on participant adherence with practice 

between instructional classes, nor do we know about the 
intensity of practice efforts of subjects in the TC and BT 
groups between intervention sessions. Approximately 
40% of the subjects in the TC group, however, contin- 
ued to meet weekly for TC practice after completion of 
the Cmonth follow-up, and 30% of these subjects con- 
tinued to meet weekly for TC practice 2 years after 
completion of this study. 

Future Directions 
Tai chi training may be manifest in less postural stability 
and more sway to dynamic perturbations. The potential 
value of TC as an exercise regimen should be explored. 
This study limited TC sessions to 15 weekly meetings 
covering 10 "forms." This time interval is remarkably 
narrow when one considers that TC is practiced among 
older Chinese individuals on a daily basis and becomes 
an integral activity much earlier in life than when our 
older subjects first learned this movement f ~ r m . " ~ , : ~ ~  A 
more detailed and extended training iriterval should be 
studied, particularly among relatively healthy elderly 
individuals, to assess the extent of psychosocial and 
physical benefits and the degree to which this exercise 
form is integrated into routine lifestyles. The influence 
that both the trainers and the practice intensity between 
sessions may have on these and other outcome measures 
also needs to be studied. Future efforts will engage 
several TC or BT instructors so that physiological 
changes can be related to the instruction. Efforts to 
accurately monitor intensity of practice between sessions 
will also be made. In this study, subjects in the TC group 
were given an information sheet about each form, 
whereas subjects in the other groups were not given this 
information. There is no mechanism to retrieve reliable 
data on the extent to which this variable affected either 
the "interest" of the subjects in the BT and ED groups or 
the intensity with which subjects in the TC group 
practiced. 

Equally as important is the need for future investigations 
to systenlatically study the impact of a comprehensive TC 
intervention on the well-being of more frail, older 
subjects with a defined diagnosis that has immobilizing 
consequences. 

Analyses of the present data set also suggest that com- 
puterized BT can reduce sway at rest or during pertur- 
bations with defined displacement and speed character- 
istics. Whether demonstrating greater postural stability is 
the most efficacious approach is not yet known, because 
the outcome did not have a favorable impact on fear of 
falling or other psychosocial variables.'Wther avenues 
of investigation to further assess the benefits of comput- 
erized BT can be examined. Among these approaches 
would be (1) extending the treatment interval to greater 
than 15 hourly sessions, (2) stressing the limits of 
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stability to the point of near falls as a primary treatment 
strategy, and (3) engaging in more dynamic movements, 
including progressively narrowed base of support, dur- 
ing the actual training. 
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