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Effects of dual task balance training on the ability of dual task perfonnance in 
the elderly people: a randomized controlled trial 

Makoto Hiyamizu!)2), Shu Morioka!), Koji Shomoto!), Tomoaki Shimada2
) 

I)Department of Physical Therapy, Faculty of Health Science, Kio University 
2)Division of Health Science, Kobe University Graduate School of Medicine 

Objective: To investigate the effects of dual task balance training in the elderly on standing postural control 
while performing a cognitive task. 
Design: A randomized two-group parallel controlled trial. 
Participants: Forty-three subjects (all >65 years old) were enrolled in the study and were assigned randomly 
to either an experimental group (n = 21) or a control group (n = 22). 
Interventions: Subjects in the experimental group were given strength and balance training while 
performing cognitive tasks simultaneously. Subjects in the control group were given strength and balance 
training only. The training was administered twice a week for 3 months. 
Measurements: The Chair Stand Test (CST), Functional Reach Test (FR), Timed Up & Go Test (TUG) and 
Trail Making Test (TMT) were measured. The sway length of the center of gravity was measured during 
standing while performing the Stroop task. The Rate of Stroop Task (RST) was also measured. All 
measurements were collected at baseline and after the training period. 
Resuhs: There were no significant differences in FR, TUG and Sway length at baseline and after training 
between the two groups. However, the RST (p < 0.05) was significantly higher after training in the 
experimental group than in the control group. 
Conclusions: These results suggest that dual task balance training in the elderly improves their dual task 
performance during standing postural control. 



Introduction 
Falls among the elderly are associated with high 

morbidity and mortality, and may involve high-cost 

medical intetvention Approximately 3()01o of 

community-dwelling people aged 65 and older experience 

a fall at least once each yearl
. Factors that contribute to 

falling in the elderly are classified as intrinsic or extrinsic2
. 

Intrinsic factors are decreases in physical fimction, and 

include decreases that affect sensory function, strength, 

flexibility and balance abilities. Extrinsic factors are 

environmental maintenance factors such as the presence of 

a step. For the intrinsic factors, many studies have shown 

that muscle strengthening3-5, balance training6.7 and Tai Chi 

trainingS serve as fall prevention programs. Furthermore, 

the effects of multifactorial fall prevention programs have 

been reported 9-13. For the extrinsic factors, effects on fall 

prevention were reported by the Cochrane review I. 

On the other hand, several recent studies have 

suggested that not only physical function such as strength, 

balance abilities and environments, but also attention ability 

is associated with falling in the elderly 14-17. In addition, 

many studies using dual task methodology have 

investigated whether the performance of cognitive tasks 

dwing standing and gait influences standing postural 

control in healthy adultsl8-21, elderly people22-25, and patients 

with impaired standing posture control26-28. According to 

these reports, a decrease of attention ability and standing 

postural control was observed in the elderl~-25. In addition, 

studies using dual task methodology have shown that dual 

task performance affects standing posture and gait, and is an 

important predictor of falli~n. The ability of dual task 

performance is important for everyone. However, it is 

generally more reduced in the elderly and, therefore, the 

elderly may have more difficulty in their standing balance 

while simultaneously concentrating on something else. 

Therefore, training to improve the ability of dual task 

performance should be included in a fall prevention 

program. 

Studies of dual task balance training using motor tasks 

reported positive effects. However, studies that compared 

the effect of dual task balance training using cognitive tasks 

with that of the usual balance training showed only small 

positive effects34,35, and agreed conclusions are not obtained. 

In addition, little work has been done to clarifY clinical 

evidence because the studies were not randomized 

controlled trials examining the effect of dual task balance 

training. 

The purpose of the present randomized controlled trial 

was to investigate whether the dual task balance training 

could not only improve standing postural control, but also 

improve the abilities of community-dwelling elderly 

subjects in dual task performance. 

Methods 
Forty-five healthy elderly people \\ho lived in the 

local community were recruited by public announcement 

from the local city. The inclusion criteria was as follows: (1) 

age 65 years or older; and (2) no neurologic or 

musculoskeletal diagnosis such as stroke, orthopedic 

involvement, or significant visual and auditory impairments. 

The subjects were assigned randomly to either the dual task 

balance training (D'I) group o[ the control group after they 

were assessed for the inclusion and exclusion criteria. The 

random assignment procedure was performed using 

random numbers gener'dted by a computer program 

(Microsotl Office Excel 2003, Microsotl Co., Tokyo, 

Japan). An independent researcher enrolled and assigned 

subjects to each group in order of random table. The 

researcher was WIIlW8re of which numbers related to the 

experiment or control group until after the randomization to 

group was complete. The study protocol was explained to 

each participant \\ho then provided informed consent. The 

research ethics committee of Kio University approved the 

study. 

Outcome meaurements 

All outcome measurements were evaluated at baseline 

and after intetvention for all participants. Specific 

physiotherapists \\ho were blinded to the group allocation 

of participants assessed all measurements. 

The outcome measurements of physical performance 

were the Chair Stand Test, Functional Reach Test, and Timed 

Up and Go Test. The Chair Stand Tesf6 measures lower 

extremity muscular strength. The participants were instructed 

to stand from a seated on the chair position as much as 

possible for 30 seconds. The total number of stands was 

counted in 30 seconds. The Functional Reach Tesf7 measures 

static balance. Participants stood with their feet a comfortable 

distance apart and their dominant arm raised to 90" shoulder 

flexion They were asked to reach as tar forward as possible 

without overbalancing. Overbalancing was defined as needing 

to take a step or requiring hands-on assistance to maintain 

balance. The distance of additional reach was recorded. The 

Timed Up and Go Tesf8 measures dynamic balance. The 

Timed Up and Go Test was started with the participants seated 

in an armchair. At the signal, participants were to stand up, 

walk 3m, turn, walk back, and sit down again with maximal 
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speed. The score was the mean time measured using a 

stopwatch of two trials to complete the test 

The Trail Making Test is a widely used 

neuropsychological test of cognilive flexibility39, and has been 

verified as having high reliability and validity«l':l1. Recently, 

the Trail Making Test was shown to be associated with 

walking ability and other physical performance in the 

elderly42,4l. We used the Trail Making Test Japanese version 

trans1ated by Hashimoto et al44
• The Trail Making Test 

consists of parts A and B. The Trail Making Test -A requires 

an individual to connect randomly located numbers (1-25) in 

numerical order as rapidly as possible, and the Trail Making 

Test -B, which contains both numbers and letters, requires the 

participant to connect the numbers and letters in the Japanese 

alphabet, "hiragana", alternately (1,/b,2,lt" ... L-,13). The 

time required to complete the task was measured on each part 

of the Trail Making Test. The lime difference between parts B 

and A (B-A) was used as the main assessment parameter so 

that we were able to con1roI for the effect of motor speed on 

Trail Making Test perfonnance and to evaluate the ability of 

attenlion more accurately than simply using the perfonnance 

of part B alone. A high Trail Making Test (B-A) score means 

that the evalualion ofTrail Making Test is low. 

In the dual task situalion, the participant was requested 

to maintain a standing position on the force platform 

(Gravicorder GS-7; Anima Cotp., Tokyo) for 30 seconds with 

eyes open, eyes closed and while perfonning the Stroop task 

in a Japanese version. We measured the sway length of the 

center of gravity at a sampling frequency of 50 Hz. 

The Stroop task is a frequently used task in cognitive 

psychology and cognitive neuroscience to study attention45
• In 

this 1ask, participants have to name the ink color of a \\Ord that 

spells a color name. When the color and the \\Ord are 

congruent (the \\Oed "red" in red letters), the task is easy. 

However, when the color and the \\Ord are incongruent (the 

word ''blue'' in red letters), the su~ects experience interference. 

This is thought to occur because \\Oed reading is a more 

practiced and more automatic skill than is the naming of 

colors, therefore, attentional control is required to overcome 

the tendency to respond to the \\Ord instead of to the color 46.47. 

We used the Stroop task Japanese version translated by 

Yamazaki48. In this study, the Stroop task was presented as 45 

\\Ords of incongruent color and \\Ords on a paper of 

approximately 1,189rrun in height / 841mm in width at 2 m in 

front of the participant. The participant was instructed to 

respond with a color name as possible and as accurately as 

possible for 30 seconds during maintaining a standing position. 

The tota1 numbers and the accurate numbers were measured 

for 30 seconds. We calculated the rate of the Stroop Task 

(accurate numbers / total numbersx 100) as the ability of dual 

task performance. 

Intervention 

All participants received strength and balance training 

to prevent taIls twice a week for 3 months. The training was 

carried out as one session of training per day for one hour. 

Training consisted of 24 sessions in total. The training 

sessions did not require special equipment, and the 

procedures were easy to facilitate maintaining use after the 

end of the study. The details of the strength training were 

based on those reported by Hue A, et al.49
• The balance and 

walking training were carried out on a regular floor, a 

Ballll1CC}oPad pluse and a Ballll1CC}oBearne (Airex AG, 

Switzerland). 

In the DT group, a calculation task, a visual search 

task, and a verbal fluency task as the cognitive task were 

performed simultaneously during the balance training. In 

the calculation task, participants performed a 4 function 

calculalion of up to 2 digit numbers presented aurally and 

answered verbally. In the visual search task, two presented 

drawings (or pictures) were compared and differences were 

identified. In the verbal fluency task, as many \\Oeds as 

possible belonging to the presented categOl)' (for example, 

"animal" \\Oeds) or starting with a presented letter were 

identified. 

Specific therapist instructed the training and 

confirmed the participant in each session, and presented the 

tasks in the DT training. 

StaililticallUl8lysB 

~ s1alistics software was used for all s1alistical 

analyses. Age and physical features were compared 

between the control and DT groups by the independent 

I-test or the chi-square test according to the characteristics of 

data. The average was calculated for each measurement, 

and to detennine the difference in before and after training, 

the numbers before and after intervention were compared 

between the control and DT groups by the independent 

I-test. In all s1atistical analyses, a p value less than 5% was 

considered s1atistically significant. 

Results 
Of 45 candidate participants, 2 were excluded 

according to the exclusion criteria (musculoskeletal disease). 

The remaining 43 participants were divided randomly into 

two groups: 22 in the control group and 21 in the DT group. 
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During the 3 months intervention, 2 participants in the 

control group dropped out of the protocol due to family 

problems and 1 participant dropped out due to an accident. 

In the DT group, 3 participants dropped out because of 

family problems and 1 dropped out due to a social reason. 

The 3 months intervention was completed in 19 participants 

(3 males and 16 females, mean age of71.2 (4.4) years) in 

the con1rol group and 17 participants (7 males and 10 

females, mean age of 72.0 (S.l) years) in the DT group 

(Figure 1). 

There was no statistical difference in age, male to 

female ratio, height, and body weight between the two 

groups. According to the survey, the number of 

experienced falls in the last six months averaged 1 or less in 

both groups. The number of training sessions was 24 

sessions in total during 3 months and the number of rcaI 

sessions was 19.7 (4.0) in the control group and 20.9 (3.7) 

in the DT group, and showed no sta1istical difference (Table 

1). 

At baseline, the Chair Stand Test (p = 0.37), 

Functional Reach Test (p = 0.91) and Timed Up and Go 

Test (p = 0.S3) showed no statistical difference between the 

control and DT groups. In addi1ion, The Trail Making Test 

-A (p = 0.07), Trail Making Test -B (p = 0.10) and Trail 

Making Test (B-A) (p = 0.23) revealed no sta1istical 

difference bet\wen the control and DT groups. All the sway 

lengths at the baseline showed no sta1isticaJ difference 

bet\wen the control and DT groups (eye open, p = 0.9S; eye 

closed, p = 0.44; and dual task, p = 0.37). The rare of Stroop 

Task was 87 2S% (2426126.1S) in the control group and 

9O.SS% (23.11/2S.11) in the DT group, which showed no 

sta1istical difference (p = 0.S2) (Table 1). 

After the intervention, the Chair Stand Test (p = 0.78), 

Functional Reach Test (p = 0.63) and Timed Up and Go 

Test (p = 0.86) showed no sta1istical difference bet\wen the 

control and DT groups. Similarly, there was no statistical 

difference in the Trail Making Test -A (p = 0.28), Trail 

Making Test -B (p = O.3S) and Trail Making Test (B-A) 

(p = 0.56). The sway lengths showed no sta1istical 

difference bet\wen the control and DT group (eyes open, p 

= 0.70; eyes closed, p = 0.21; and dual task, p = 0.81). 

However, the rare of Stroop Task during maintaining a 

standing position was significan1ly higher in the DT group 

(97.13%: 26.23126.94) than in the control group (88.<J20Io: 

24.S7126.23) (p < O.OS) (Table 2). 

I number of potential participants I N;45 

Exclusion N = 2 
N = 2. refusal 

.. ~ .. -.......... 

I Number of study participants I N -43 

~ ~ 
Dual task balance 

Control Group 
training Group 

N=21 
N = 22 

Received allocated intervention = 21 Received allocated intervention = 22 

Losses (N):4 Losses (N):3 

~ N = 3: family problem N = 2: family problem ,..--
N = 1: social problem N = 1: accident 

Outcome data Outcome data 
Time: Three months later Time: Three months later 
N with data = 1 7 N with data = 19 

Figure 1 Flow diagram of randomized participant assignment. 
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Table I Comparison at baseline between. the control and DT group 
~1~(n=19) DT group (0-17) pvaluc 

Age (years) 71.2(4.4) 729(5.1) 0.28 

Gender Fema1e(%) 16(84%) 10 (6()01o) 0.18* 

Body weight (kg) 53.6(1.1) 54.4(6.8) 0.71 

Height (em) 1521(1.0) 158.0(8.0) 0.02 

Nmnber offalls within the last 6 months (times) 0.4(0.8) 0.6(09) 0.42 

Total number ofinterven1ion (sessions) 19.7(4.0) 209(3.7) 036 

Physical performance 

Chair S1and Test(times) 20.21 (4.34) 18.70 (5.61) 037 

Functional reach test (em) 3291(5.92) 32.72(3.84) 091 

TIlllCd Up & Go Test (sec) 6.73(0.84) 6.W (1.49) 0.53 

Cognitive function 

lMfA(sec) 67.79 (35.66) 50.94 (13.79) 0.07 

1MfB(sec) 181.11 (90.82) 136.43 (63.68) 0.10 

lMfB-A(sec) 113.32 (15.16) 85.48 (6055) 0.23 

Sway length of COO 

Eyes opened (em) 43.73 (12.68) 43.96 (13.47) 095 

Eyes Closed (em) 58.46 (1933) 65.96 (3657) 0.44 

perfonning stroop 1ask (em) 60.66 (34.69) 52.25 (18.12) 037 

Stroop1ask 

Nmnber of 8JISWCIS 26.15 (10.34) 25.11 (1.71) 0.73 

Nmnber of com:ct answers 24.26 (1157) 23.11 (8.44) 0.73 

A ra1I: of stroop 1ask (0/0) 87.25 (19.40) 9055(8.61) 052 

Values are mean <SD) or ~). nrr: Trail Making Test, COO: Center Of Gravity. lIbrl-square test 



Table 2 Comparison aftcrtraining between the oontrol and DT group 

Control group (n-19) DT group (11""17) 
effcctsizc 

At3montbs Change At3mantbs Change 
pva1ue 

Physical pedOnnancc 

Chair S1and Test (times) 22.00(5.71) 1.79(4.53) 21.47 (5.93) 271(233) 0.78 JJ9 

Fuocti.onaI reach tcst(em) 3240(4.71) -051(3.29) 33.17 (4.80) 0.45(5.07) 0.63 .16 

Tuned Up& 00 Test (sec) 6.91 (1.06) 0.18(1.08) 6.82 (1.78) -0.15 (0.80) 0.86 .06 

Cognitive fi.mction 

1MTA(sec) 60.15 (3933) -7.64 (25.08) 48.63 (19.22) -231 (16.78) 0.28 37 

1MTB(sec) 136.45 (78.73) -44.66(62.14) 115.89 (45.36) -2054(52.86) 035 32 

1MTB-A(sec) 7630(5031) -37.00 (64.04) 671f> (40.64) -18.22 (59.48) 0.56 .20 

Sway length of COO 

Eyes opened (em) 47.20 (1244) 3.47(7.75) 45.24 (17.98) 1.28 (15.90) 0.70 .13 

Eyes Oosed (em) 55.84 (20.53) -262(1281) 69.19(4033) 3.23(1630) 0.21 .42 

perfonning stroop 1ask (em) 63.15 (44.22) 249(23.81) 60.19 (2634) 7.94(18.00) 0.81 .08 

Stroop1ask 

Nwnbcr of answers 26.63 (9.66) 0.48(5.10) 26.94 (7.89) 1.83(3.04) 0.91 .03 

Nwnbcr of correct answers 2457(1135) 031 (5.07) 26.23 (8.07) 3.12(3.96} 0.62 .17 

A rate of stroop 1ask (%) 88.00 (IS.50) 0.71(1268) 97.13(433) 6.5S(7.T1) 0.04 .66 

Values are mean (SD) 

TMT: Trail Making Test, COG: Center Of Gravity 



Discussion 

The results of this study indicate that muscle and 

balance training perfonned mostly by therapeutic guided 

training without using specific equipment can maintain 

physical function and balance ability in healthy elderly 

people. In addition, dual task balance training perfonned 

simultaneously with a cognitive task maintained not only 

balance ability, but also significantly improved the dual task 

performance compared to the usual balance training. 

Rt:cently, a number of studies have reported a positive 

effect of muscle training and balance training in the elderly 

2-13. In this study, similar results that maintenance of 

sufficient physical performance was achieved were 

obtained. In particular, the DT group showed larger 

improvement in all measurements of physical perfonnance. 

Fw1hennore, an improvement tendency on the Trail 

Making Test was found after training in both groups. A 

preliminary study of cognitive function has reported that 

continuation of periodical exercise improves cognitive 

functionso, and the intervention in this study may have 

improved general cognitive function. 

The dual task balance training, as a new challenge in 

this study, showed favorable results in the correct 

answering rate in the Stroop task. There was a significant 

difference in the rate of correct answering after intervention 

between the two groups, and the dual task training was 

presumed to have a positive effect. 

In a report on dual task balance training in healthy 

elderly people, Vaillant, et a/. 34 showed that there was no 

significant difference in the one leg balance test and the 

Timed Up and Go Test between a control group and a dual 

task training group. However, they did not verity the results 

of a cognitive task. In contrast, Pellechia 35 reported a 

significant difference in posturaJ sway in a dual task training 

group compared with a control group, but there was no 

significant difference in the cognitive task. Therefore, a 

definite consensus has not been reached. The difference 

was attributed to the task priority in the dual task training. 

Although the subjects were instructed to perform standing 

postura1 balancing and a cognitive task as accurately as 

possible in our present intervention, the participants were 

healthy elderly people with a certain level of balance, and a 

marked positive effect on standing posturaJ balancing was 

not obtained because attention was paid preferentially to the 

achievement of the cognitive task. Consistent with this 

speculation, Silsupadol, et a/. 51 showed that instruction on 

the priority of targets for attention elicited different effects 

in the dual task balance training. 

The Stroop task is a cognitive task used to evaluate the 

control ability of cognitive fimction, and is used often in the 

field of neuropsychology and cognitive neuroscience. 

Research on brain function imaging has revealed that a 

brain area related to working memory can be activated46,47. 

Therefore, it was presumed that a component necessary for 

smooth standing postura1 control was contained in this area. 

Our results that the present intervention improved 

performance in the Stroop task may contribute to the 

smoothness in various cognitive activities in a standing 

position in our daily life. Therefore, this effect may 

contribute to the prevention of falls in the elderly. 

There are several limitations in this study. First, the 

sample size of our study was small. There is the possibility 

of a type I-II error. Second, task priority, as described before, 

is a limitation. Under the dual task condition, prioritizing 

one task determines the direction of attention to tasks and 

potentially influences the improvement in dual task 

performance. However, it is also possible that task priority 

is dependent on the kind of task. More specifically, priority 

differs among subjects according to the ability of the 

subjects and the difficulty of the task to complete. Therefore, 

it is desirable to advance the dual task balance training 

while task priority is advised according to the capacity of 

the subjects. 

A third limitation is from verification of the long-term 

effect of the study results. Since the effect of 3 month 

training was verified in this study, continuity of the effect 

remains to be clarified. It is necessary to evaluate the 

long-term effect to clarity the preventive effect against falls 

in the elderly. 

A final limitation is the fact that the subjects in this 

study were healthy elderly people. Since they were healthy, 

they were active and, therefore, training did not exert a 

positive effect on physical function and performance. 

Nevertheless, it is noteworthy that intervention with dual 

task balance training improved dual task perfonnance even 

in these active elderly people. It is necessary to verity the 

long-term effect of the dual task balance training in the 

elderly and in patients with balance impairment that have 

high risk for falls due to decreased balance capacity. 

Clinical messages 

• Adding a cognitive task to standard balance training 

(dual-task training) did not adversely affect the 

improvement in balance. 
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Dual-task training did improve in dual task perfonnance 

during slanding postural control in the elderly. 
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