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Purpose This study investigated the effects of task-oriented training in water on balance and gait in patients with 
hemiplegia. Methods Thirty-one patients with hemiplegia were randomly assigned into three groups: conventional 
therapeutic exercise (CTE), single-task training (STT), and dual-task training (DTT). The CTE group performed general 
exercise therapy, and the STT and DTT groups performed single-task and dual-task training, respectively, in the water. 
All groups performed the therapy five times a week, for 4 weeks. Results All groups showed significant difference in the 
timed up and go test (TUG), Berg balance scale (BBS), functional gait assessment (FGA), and weight-bearing deviation 
(WBD) within the group. Only the BBS showed significant difference between the DTT and CTE groups. Conclusion 
Task-oriented training in water was effective to improve balance and gait in patients with hemiplegia and dual-task 
training in water is more effective in some cases.
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Ⅰ. Introduction    

The goal of rehabilitation of patients with hemiplegia 

is to improve their mobility, such as balance, motor, 

and walking deficits. However, the process of im-

provement of mobility in patients with hemiplegia is 

exposed to risk of falls. These patients show balance 

ability deficits (e.g., reduced postural stability to in-

ternal and external balance interference) and balance 

impairments are factors that increase fall risk1-3). Most 

functions in performing tasks in humans basically ne-

cessitate balance4). Task-oriented exercise is a form of 

therapy designed on the basis of the motor learning 

theory. It induces a cortical circuit with sufficient cort-

ical sensory stimulation of the injured cortical area 

and adjacent areas and local terminal sprouting or 

functional tactile reorganization5) and is a program 

that focuses on the functional task of efficiently acti-

vating neuromuscular components6). In addition, 

task-oriented exercise is a dual-task activity that affects 

posture control and balance ability improvement of 

the patient7). Single-task training is training on the 

component of the whole task before performing the 

whole task. The major benefit of this training is to re-

duce the requirements imposed on the subjects. The 

reduction of task processing requirements can pro-

mote faster learning of a specific task in single-task 

training than the whole task8). However, most activ-

ities of daily living (ADLs) necessitate the ability to 

maintain balance during the simultaneous performance 

of various tasks. The ability to divide attention while 

simultaneously performing two or more tasks is an 

important part of functional movement in ADLs9-10). 

Performing two tasks simultaneously reduces one or 

all task performance11). However, this problem from 

dual-task interference can be resolve by training two 

tasks simultaneously12). Dual-task training is training 

that the ability to simultaneously perform two or more 

activities while maintaining postural control. It has a 

more positive effect on ADL than single-task training. 

Moreover, this training is an effective strategy that can 

improve subject's attentional control and task coordi-
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nation8,13). 

An aquatic environment can help in physical activ-

ity such as strength, balance, and endurance14). The 

body is influenced by basic forces of water during im-

mersion like buoyancy, drag, and inertial force15). 

Water is a medium that has density and viscosity, 

which rapidly decelerates movements. These proper-

ties protect the body from events such as falling or 

injury. Thereby, balance training in water not only re-

duces risk and fear of falls but also replaces 

land-based training for falls15) Viscous resistance in-

creases as greater force is applied. However, inertial 

moment is less so that, if the force is stopped, resist-

ance immediately drops to zero. Thus, if the move-

ment is stopped when pain is felt during the exercise, 

viscous resistance will decrease and be able to protect 

body part16). The physical properties of water make it 

possible to safely train muscle strengthening, balance, 

and functional skills17). There are a number of studies 

that have investigated the effects of dual-task training 

in land and in water11-13,15,18-20). However, studies that 

compare task-oriented training that single- and du-

al-task, respectively, in water are rare. Therefore, the 

present study investigated the effects of task-oriented 

training in water on balance and gait in patients with 

hemiplegia.

Ⅱ. Materials and Methods

1. Subjects

Thirty-one patients with hemiplegia from the re-

habilitation center of the National Traffic injury 

Rehabilitation Hospital in Yangpyeong, Gyeonggi, 

Republic of Korea, were enrolled in this study. The 

inclusion criteria were as follow: (1) ability to walk at 

least 15 m without assistance; (2) a score of > 24 in 

the Mini-Mental State Examination - Korean (MMSE-K); 

(3) a score of > 36 in the BBS; (4) absence of ortho-

pedic and neurologic pain that influence to partici-

pated in this study in whole body. All subjects were 

diagnosed stoke except one person who had brain in-

jury because of accident and signed an informed con-

sent form that was approved by the Yong In 

University institutional review board. 

2. Measurement

(1) Balance 

Balance was determined by the Berg balance scale 

(BBS) and the timed up and go test (TUG). The BBS 

has 14 functional balance items. Each item has 0 to 4 

points, with a total score from 0 to 56. The higher the 

score, the better the balance ability. The BBS has 

r=.99 intra-rater reliability and r=.98 inter-rater reli-

ability21-22). The TUG was developed to evaluate func-

tional ambulation in elderly individuals and has been 

used recently in patients with various diseases, such 

as stroke, Parkinson's disease, and arthritis. In addi-

tion, this can simply assess functional movement in a 

small space without the use of a specific equipment. 

The TUG has r=.99 intra-rater reliability and r=.99 in-

ter-rater reliability23).

(2) Gait

Gait was measured by the functional gait assessment 

(FGA). The FGA is a modification of the dynamic gait 

index(DGI) to be used in higher-level tasks to extend 

the applicability of the test and remove the ceiling ef-

fect of the original test. This tool has 10 items. Each 

item has 0 to 3 points, with a total score from 0 to 

30. The higher the score, the better the gait ability. 

The FGA has r=.83 intra-rater reliability and r=.84 in-

ter-rater reliability24).

(3) weight bearing deviation

The Weight bearing deviation (WBD) was measured 

by the BioRescue (RM Ingenierie, Rodez, France). The 

footprints reveal relative repartitions of foot pressure, 

which would indicate postural imbalance25). The sub-

jects were instructed to stand as immobile as possible 

in a natural position in front of a visual target placed 

on the wall at eye level during the trials. If 

weight-bearing ratio of left and right sides was 50%, 

WBD is zero. The closer the WBD to 0, the better the 

balance between the left and right sides.

3. Intervention
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Table 1. Intervention program

Intervention Details

CTE

① sit to stand

② walking

③ conditioning exercise using an equipment

STT

① tread on the buoyancy pad in the underwater step with the paralyzed foot

② change of metacenter

③ throwing and receiving a ball

④ obstacle crossing

⑤ walking along a line

DTT

① change of metacenter while treading on the buoyancy pad in the underwater step　with the paralyzed foot

② throwing and receiving a ball while treading on the buoyancy pad in the underwater step　with the 

paralyzed foot

③ obstacle crossing while maintaining a ball on the board

④ walking along a line while maintaining a ball on the board

Note. CTE: conventional therapeutic exercise, STT: single-task training, DTT: dual-task training

Subjects were randomly assigned to one of three 

training groups. These groups were as follow : (1) 

conventional therapeutic exercise (CTE); (2) sin-

gle-task training; (3) dual-task training (DTT). All 

groups received neuro-development therapy (NDT) for 

30 min once daily, five times a week, for 4 weeks, 

equally. Each group conducted additional training 

with the same frequency. Subjects who were assigned 

to the CTE group performed general exercise. Both 

STT and DTT groups performed the training in the 

therapeutic pool. The pool was 6 m wide, 11.5 m 

long, and 1.05-1.15 m deep. The water and atmos-

phere temperature was about 33±1℃(91.4±1.8 ℉) and 

26±2℃(78.8±3.5 ℉), respectively. The intervention pro-

gram that each group were as follow table 1. All 

measurements conducted pre- and post-intervention 

on dry land.

4. Data analysis

Data were analyzed using SPSS version 18.0. The sub-

ject's general characteristics were analyzed with de-

scriptive statistics. Difference in parameters before and 

after the training within the group was analyzed using 

Mann-Whitney U test, while the Kruskal-Wallis test 

and Bonferroni correction were used to compare the 

difference in parameters before and after the training 

between the groups. P-values <.05 and <.0167 in-

dicated statistical significance levels within the group 

and between groups, respectively.

Ⅲ. Results

1. General characteristics of the subjects

In this study, 31 subjects were randomly assigned to 

three groups (CTE, STT, DTT), but only 27 subjects 

participated in the study due to discharge and health 

deterioration. Of the total subjects, 21(77.78%) were 

male and 6 (22.22%) were female. The average height 

of all subjects was 168.52±8.00 cm, The average 

weight of all subjects was 70.80±12.24 kg and of the 

total subjects, hemiplegic side were that 15(48.39%) 

left and that 16 (51.61%) right. The average MMSE-K 

score was 28.07±1.92 (Table 2).
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Table 2. General characteristics of the subjects (n=31)

CTE (n=10) STT (n=11) DTT (n=10)

Age 48.33±12.92 38.44±11.61 48.33±12.68

Sex

Male 7 7 8

Female 3 4 2

Height (cm) 166.79±7.98 174.33±7.94 164.43±4.60

Weight (kg)  64.60±7.35   79.72±12.02   68.07±12.14

hemiplegic side

Left 6 6 3

Right 4 5 7

MMSE-K score  28.11±1.54  28.33±1.87 27.78±2.44

MMSE-K, Mini-Mental State Examination – Korean

2. Comparison within and between groups

(1) Comparison within each group

The TUG in all groups significantly decreased (p<.01). 

CTE decreased significantly from 20.49±7.43 to 

16.32±5.21 s after the intervention (p<.01), STT sig-

nificantly decreased from 26.07±12.30 to 21.66±9.78 s 

after the intervention (p<.05), and DTT significantly 

decreased from 19.80±9.61 to 14.04±6.90 s after the 

intervention (p<.01). BBS in all groups significantly in-

creased (p<.01). CTE significantly increased from 

44.00±5.96 to 46.22±4.87 after the intervention (p<.05), 

STT significantly increased from 39.00±7.57 to 

45.11±5.56 after the intervention (p<.01), and DTT sig-

nificantly increased from 41.78±5.54 to 49.00±4.85 af-

ter the intervention (p<.01). FGA in all groups sig-

nificantly increased (p<.01). CTE significantly increased 

from 17.22±5.14 to 20.11±4.60 after the inter-

vention(p<.01), STT significantly increased from 

13.00±6.04 to 17.33±7.19 after the intervention (p<.01), 

and DTT significantly increased from 15.11±6.81 to 

21.33±6.19 after the intervention (p<.05). WBD in all 

groups significantly decreased (p<.01). CTE sig-

nificantly decreased from 14.31±9.26 to 5.07±4.64 after 

the intervention (p<.05), STT significantly decreased 

from 11.92±6.08 to 7.21±3.15 after the inter-

vention(p<.01), and DTT significantly decreased from 

14.156±5.70 to 7.21±3.15 after the intervention (p<.05).

(2) Comparison between groups

TUG in STT was more decreased than that in CTE, 

while TUG in DTT was more decreased than those in 

CTE and STT. However, there was no significant dif-

ference between groups. BBS in STT was more in-

creased than that in CTE, while BBS in DTT was 

more increased than those in CTE and STT. There 

was a significant difference in BBS between DTT and 

CTE (p<.0167). FGA in STT was more increased than 

that in CTE, and FGA in DTT was greatly increased 

than those in CTE and STT. However, there was no 

significant difference between the groups. WBD in 

CTE was more decreased than that in STT. WBD in 

DTT was more decreased than that in STT, and WBD 

in DTT was more decreased than that in CTE. 

However, there was no significant difference between 

the groups (Table 3).

Ⅳ. Discussion

Balance includes symmetry to keep left-right weight 

distribution constant, stability to keep a given posture 

using minimal body perturbation, and dynamic stabil-

ity to move while maintaining balance26). Balance dis-

orders are a major cause of falls, approximately 50 to 

70% of patients with hemiplegia experience falls27). 

The weight-bearing capacity of the paralyzed leg is 

commonly reduced after stroke, and the majority (79 

to 87%) of patients with stroke are bearing lesser 
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Table 3. Comparison within and between the three groups (n=27)

Variables CTE (n=9) STT (n=9) DTT (n=9) χ2  p

TUG

   Pre 20.49±7.43  26.07±12.30 19.80±9.61

  .160 .923   Post 16.32±5.21 21.66±9.78 14.04±6.90

   Post-pre   -4.13±2.95
**

 -4.41±3.26
*

  -5.76±5.99
**

BBS

   Pre 44.00±5.96 39.00±7.57 41.78±5.54

10.984 .004   Post 46.22±4.87 45.11±5.56 49.00±4.85

   Post-pre   2.22±1.64
*

   6.11±6.15
**

   7.22±3.23
**

FGA

   Pre 17.22±5.14 13.00±6.04 15.11±6.80

 6.621 .036   Post 20.11±4.60 17.33±7.19 21.33±6.19

   Post-pre    2.89±1.45
**

   4.33±1.94
**

  6.44±4.07
*

WBD

   Pre 14.31±9.26 11.92±6.08 14.16±5.70

  .489 .783   Post  5.07±4.64  6.24±5.57  7.21±3.15

   Post-pre   7.34±6.23
*

   5.70±2.58
**

  5.53±4.29
*

Within group, * p＜.05, ** p＜.01, Between groups, ＋ p＜.0167
Note. TUG: the timed up and go test, BBS: Berg balance scale, FGA: functional gait assessment, WBD: weight bearing deviation.
amean±standard deviation.

weight on the paralyzed side in static standing pos-

ture28-29). Weight shift is an essential factor for func-

tional mobility and walking, and mediolateral weight 

shift in patients with stroke is directly associated with 

walking30-31). Therefore, improvement in postural stabil-

ity is one of the important goals of rehabilitation32-33).

In the present study, BBS scores were significantly 

higher in all groups (CTE, p<.05; STT, p<.01; and 

DTT, p<.01). The BBS score in the DTT group was 

higher than that in the CTE group. Especially, there 

was a great difference in items including task per-

formance, such as reaching forward with arm and 

pick up object. Saeterbakken et al.34) reported that the 

stronger the trunk muscle, the better the task 

performance. It is considered that dual-task training in 

water influenced to trunk stability. Therefore, task-ori-

ented training in the water can help improve the dy-

namic balance ability in patients with hemiplegia.

The TUG has high reliability in quantifying the dy-

namic balance capability and functional mobility in 

patients with stroke and measuring the clinical 

changes over time35). TUG time were significantly de-

creased in all groups (CTE, p<.01; STT, p<.05; DTT, 

p<.01). It is thought that task-oriented exercise in the 

water may help improve balance ability

in patients with hemiplegia. Walker et al.36) re-

ported that there is a correlation between TUG and 

walking speed. 

Walking speed, clinically, was used to determine 

independent walking ability and recovery level in per-

forming ADLs37). In the present study, a decrease in 

the TUG value indicates an increase in walking abil-

ity, which may improve functional performance.

Yang et al.38) reported that gait training combined 

with functional tasks was effective in increasing walk-

ing speed and stride length in patients with stroke. In 

addition, Salbach et al.39) demonstrated that 10 

task-oriented and functional upper limb movements 

related to gait have an effect on the balance ability of 

patient with stroke. In the present study, the FGA 

scores were significantly increased in all groups (CTE, 

p <.01; STT, p <.01; DTT, p <.05). The FGA score in 

the DTT group was much higher than that in the CTE 

group. However, there was no significant difference 
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between groups. Stevens et al.40) reported that in un-

derwater walking training increased walking speed. 

Exercise in the water helps activate the trunk mus-

cles41), and walking exercise in the water produces 

greater trunk muscle activity than on dry land42-43). 

This is related to drag, and drag is influenced by ve-

locity and surface area44). Therefore, it is considered 

that dual-task training in water is more effective in the 

enhancement of the trunk muscle and functional gait 

training than that on dry land.

WBD scores were significantly decreased in all 

groups (CTE, p<.05; STT, p<.01; DTT, p<.05). 

Weight-bearing asymmetry is associated with increased 

postural sway, and the larger the weight-bearing 

asymmetry, the lower the BBS score45-46). The weight 

shift training makes symmetrical weight support in 

standing posture, and the right and left weight shift is 

directly related to walking31,47). Dean et al.48) con-

ducted a functional stretch task training in three direc-

tions to study an experimental group that induces 

weight bearing on the paralyzed lower limb and a 

control group that performs functional stretch task 

training without weight bearing. As a result, the ex-

perimental group was more effective in weight-bear-

ing ability, strength, and balance ability than the con-

trol group. Noh et al.49) reported that exercise in the 

water can effectively improve the weight-bearing ca-

pacity of patients with stroke. Therefore, decreasing 

WBD in this study suggests that the task-oriented ex-

ercise in the water is effective to increase weight sup-

port ability and walking ability on the affected leg in 

patients with hemiplegia.

Kwakkel et al50). suggested that task-oriented func-

tional training enhances interaction between the nerv-

ous and muscular systems. The ability to maintain bal-

ance can be enhanced through task-oriented train-

ing51). Dual-task ability can be enhanced through 

training, which implies a change in neuronal activa-

tion52). Raine and Lynch53) suggested that it is neces-

sary to perform dual tasks in daily life. The aquatic 

environment reduces the effort to support the body 

and provides a safe environment for weight bearing54). 

Buoyancy allows the patient to move with less effort 

and perform without help actions that are impossible 

on dry land55). Based on the above evidence, it can 

be said that the aquatic environment is an environ-

ment where it is easier and safer to perform the task 

than on dry land.

The results of this study suggest that task-oriented 

training in water is effective for balance and gait in 

patients with hemiplegia and that dual-task training is 

more effective in some cases. Therefore, dual-task 

training in water as well as general rehabilitation ther-

apy is effective in improving balance and gait in pa-

tients with hemiplegia.

The limitation of this study is that it is difficult to 

generalize to all patients with hemiplegia. This is be-

cause only patients who were admitted to the 

National Traffic injury Rehabilitation Hospital who met 

the study conditions participated in the study. In addi-

tion, statistically type II error could not be excluded 

because of the number of subjects was small. It was 

difficult to control the various treatment schedules of 

patients other than the program and because the pa-

tient’s heights were varied, it was difficult to stand-

ardize the elements of water characteristics such as 

buoyancy, viscous resistance, hydrostatic pressure, and 

drag. In addition, the subject needed a high level of 

balance ability to perform various tasks, which had 

caused a ceiling effect in some measurement items.

In order to generalize the results of the study, 

more patients should be studied and various research 

methods are needed to investigate the effect of du-

al-task training in water.

Ⅴ. Conclusion

The purpose of this study was to investigate the ef-

fects of task-oriented training in water on balance and 

gait in patients with hemiplegia. The subjects were 

randomly assigned into CTE (10), STT (11), and DTT 

(10) groups, with 31 patients meeting the purpose of 

this study among the patients who were hospitalized 

in the National Traffic injury Rehabilitation Hospital in 

Yangpyeong-gun, Gyeonggi–do, Republic of Korea. 

The results of the study are as follows.

First, the TUG test showed a significant decrease 
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in all three groups (p<.01). However, there was no 

significant difference between the groups.

Second, the BBS test showed a significant increase 

in all three groups (p<.01). The DTT group showed a 

significantly higher BBS score than the CTE group 

(p<.0167).

Third, the FGA test showed a significant increase 

in all three groups (p<.01). However, there was no 

significant difference between groups.

Fourth, the WBD test showed a significant de-

crease in all three groups (p<.01). However, there 

was no significant difference between groups.

It suggests that task-oriented training in water for 4 

weeks was effective to improve balance and gait in 

patients with hemiplegia, and dual-task training is 

more effective in some cases. Based on these results, 

task-oriented training in water may help improve bal-

ance and gait in patients with hemiplegia.
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