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Purpose The study objective was to investigate the effects of forced induction weight�supported training conducted on an 

unstable surface on the gait of stroke patients. Methods Fifteen hemiplegic patients diagnosed with stroke, the onset of 

which had occurred ≥ 6 months, were included in the study. Forced induction weight�supported training was performed 

on an unstable surface (patients) and on stable surface (the control group). The training was performed over six weeks, 

five times a week, for a duration of 30 minutes using an FDM�T Treadmill System® for Biomechanical Gait Analysis 

(Zebris Medical, Cuxhaven, Germany) and the 10 Metre Walk Test (10MWT). Results Statistically significant 

differences between the non�paralyzed side stance phase and non�paralyzed side swing phase (p<.05), and between stance 

and swing symmetry (p<.05) in the study group, were found. A statistically significant difference was also observed 

between the paralyzed side stance phase and paralyzed side swing phase in the control group (p<.05). Conclusion The use 

of forced induction weight�supported training, conducted on unstable surface, was effective in improving symmetry and 

speed in the gait of hemiplegic patients.
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I. Introduction    

Muscle weakness, sensory impairment, abnormal mus-

cle activity, and the inability to exert postural control 

are the consequences of a stroke.
1-2)

 Most stroke pa-

tients experience challenges with balance adjustment.
3)
 

It has been proposed that improving the ability to bal-

ance is a criterion for the recovery of function in 

stroke patients.
4)
 Balance impairment and increased 

postural fluctuation are known to be associated with 

abnormal weight support of the lower limbs.
5)
 

Asymmetric weight support and balance impairment 

may also result in the loss of weight-bearing capacity 

in the paralyzed limb.
6)
 Asymmetrical weight support 

of the bilateral lower limb causes an unstable posture, 

which is the cause of slow and functional behavior 

during daily living activities due to asymmetrical pos-

ture and decreased posture control in stroke patients.
7)
 

Shumway-Cook and Horak reported that body sensory 

information input from the foot when making contact 

with the ground during postural control is important to 

maintain balance.
8)
 Therefore, it is suggested that bal-

ancing training on an unstable surface, rather than that 

on a stable surface, might increase external perturba-

tion and postural control. Hocherman et al. (1984) ar-

gued that body weight-transfer training for stroke pa-

tients using a moving plate (platform) increased weight 

load more so than a weight-shifting exercise involving 

static symmetry training.
9)
 Elsewhere, healthy adults 

were asked to perform balanced training exercises on 

stable and unstable surfaces. Postural control was ob-

served to increase significantly in the group who prac-

ticed on unstable ground.
10-11)

Constraint-induced movement therapy improved 
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Table 1. Demographic characteristics of the study participants.

study group (n=7) control group (n=8) p

Gender (%)
Male 5(71.43) 3(37.50)

0.78
Female 2(28.57) 5(62.50)

Age 56±11.91 52.71±9.78 0.458

Stroke type
hemorrhage 3(42.86) 2(25.00)

0.604
infarction 4(57.14) 6(75.00)

Hemiplegic

side (%)

Rt 4(57.14) 2(25.00)
0.200

Lt 3(42.86) 6(75.00)

Onset 22.57±4.75 35.14±11.38 0.373

MMSE-K 27.00±2.58 28.43±2.07 0.304

Note. Values are mean ± standard deviation

paralyzed upper limb function following restriction to 

the use of the non-paralyzed upper limb in a stroke 

patient.
12)

 However, constraint-induced movement ther-

apy was not used in gait training for hemiplegic pa-

tients because it was impossible to walk when the par-

alyzed leg was restricted. Thus, a method of inducing 

forced weight bearing to the paralyzed side, by raising 

the non-paralyzed lower limb in order to provide nor-

mal weight support to the paralyzed lower limb and 

reduce learned non-use, was applied.
13-15)

 Symmetrical 

mobility and gait speed in relation to body weight in-

creased during the treatment period in a single subject 

following forced weight-transfer exercises. A significant 

increase in paralyzed weight shift and gait speed was 

observed in chronic stroke patients who had engaged 

in forced weight-transfer exercises.

However, few studies have been conducted on 

forced induction weight-supported training carried out 

on an unstable surface. Thus, the objective of the cur-

rent study was to investigate the effect of forced in-

duction weight-supported training performed on un-

stable surface on the gait of stroke patients.

II. Materials and Mehtods

Participants

Fifteen patients diagnosed with hemiplegia at B 

Hospital, Hwaseong, Gyeonggi-do, Korea, between 

August and September 2016 were included in the 

study. The selection criteria for the study subjects 

were stroke patients: 1) Person who has stroke onset 

6 months or more. 2) person who can stand alone 

and can stand an independent clerical posture for 

more than 1 minute. 3) person who can walk more 

than 10m using independent or auxiliary tools. 4) per-

son who do not have orthopedic diseases that can af-

fect the therapeutic effect. 5) The Korean Mini Mental 

State Examination (K-MMSE) score of 24 or more. 6) 

person who have never been involved in similar re-

search in the past. 7) Person who understood the pur-

pose of the study and agreed to the participation 

agreement. The demographic characteristics of the 

study participants are detailed in Table 1. 

Study design

Fifteen study participants were randomly assigned in a 

controlled trial to forced induction weight-supported 

training on an unstable surface (Group A) or on stable 

surface (Group B, control group). Gait cycle, gait 

speed, and length of step were assessed prior to the 

intervention and re-evaluated after six weeks.

Outcome Measures

1) 10M Walk Test: 10MWT

The participants walked for 14 m at maximum speed. 

The first and last 2 m were excluded from the 

measurements. When the speed of the stroke patients 
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Table 2. A comparison of the baseline and post-intervention gait cycle in the study and control groups.

study group (n=7) control group (n=8)

pre post pre post p

Paralyzed

stance phase (%)
69.96±4.05 70.39±4.85 70.59±4.85 68.79±4.79* .268

non-paralyzed

stance phase (%)
75.12±4.76 72.91±4.72* 75.49±5.40 74.80±6.24 .306

Paralyzed

swing phase (%)
30.04±4.05 29.61±4.85 29.41±4.85 31.21±4.79* .268

non-paralyzed

swing phase (%)
24.87±4.76 27.09±4.72* 24.51±5.40 25.20±6.24 .306

Double

stance phase (%)
45.16±8.37 43.26±9.06 46.20±8.62 43.59±9.10 .478

Note. Values are mean ± standard deviation, * p＜0.05

was assessed, high reliability of r = 0.87 in both the 

test and retest were demonstrated(16).

2) Gait analysis

The FDM-T Treadmill System® for Biomechanical Gait 

Analysis was used for the gait analysis. It consists of a 

measuring sensor and a treadmill measuring device. 

Pre - and post-test tools were used in this study to 

determine changes to the pre- and post-step length 

symmetry indices and gait cycle (stance phase, swing 

phase and double stance phase).

Interventions

Seven subjects were randomly assigned to the un-

stable surface forced induction weight-supported train-

ing group (Group A, study group) and eight were ran-

domly allocated to the stable surface forced induction 

weight-supported training (Group B, control group). A 

10 mm high insole was used to lift the non-paralyzed 

side to ensure contact with the ground for 30 minutes. 

When the subjects were tired, they rested while seat-

ed, continuing with the exercises in a standing posi-

tion once rejuvenated.

Statistical analysis

The results were analyzed using SPSS® Statistics for 

Windows® (version 20.0). The mean and standard de-

viation were calculated for the demographic 

characteristics. Homogeneity was verified by perform-

ing an independent sample t-test. The Wilcoxon sign-

ed-rank test was used to investigate changes within the 

matched samples. Change between the groups was 

evaluated using the Mann-Whitney U test. The level of 

statistical significance level was set at α = 0.050.

III. Results

Gait cycle

The non-paralyzed stance phase of the gait cycle de-

creased significantly in Group A (the study group) 

from 75.12 ± 4.76 prior to the intervention to 72.91 ± 

4.72 after it (p<.05)<Table 2>. The non-paralyzed 

swing phase was observed to be 24.87 ± 4.76 before 

the intervention and 27.09 ± 4.72 after it in this group 

(p<.05)<Table 2>. The paralyzed stance phase de-

creased significantly in Group B (the control group) 

from 70.59 ± 4.85 prior to the intervention to 68.79 ± 

4.79 after it (p<.05). There was a significant increase 

in the paralyzed swing phase from 29.41 ± 4.85 before 

the intervention to 31.21 ± 4.79 after it in this group 

(p<.05)<Table 2>.

Gait symmetry

In Group A (the study group), stance phase symmetry 

increased significantly from 93.21 ± 3.40 before the in-
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Table 3. A comparison of baseline and post-intervention gait symmetry in the study and control groups.

study group (n=7) control group (n=8)

pre post pre post p

stance phase symmetry (%) 93.21±3.40 95.93±3.48* 93.17±6.64 92.16±7.71 .232

swing phase symmetry (%) 82.60±8.08 90.10±7.86* 84.44±17.06 80.92±18.71 .198

Note. Values are mean ± standard deviation, *P＜0.05

Table 4. A comparison of baseline and post-intervention step length in the study and control groups.

study group (n=7) control group (n=8)

pre post pre post p

paralyzed step length (cm) 30.71±9.91 33.86±11.35 23.50±6.95 26.63±12.30 .167

non-paralyzed step length 

(cm)
26.86±13.45 30.29±14.72 18.50±6.99 20.75±13.01 .100

Note. Values are mean ± standard deviation

Table 5. A comparison of baseline and post-intervention 10MWT in the study and control groups.

study group (n=7) control group (n=8)

pre post pre post p

10MWT (s) 17.43±12.29 15.43±12.27* 23.63±18.12 20.25±15.17* .071

Note. Values are mean ± standard deviation, *P＜0.05

tervention to 95.93 ± 3.48 after it (p <.05)<Table 3>. 

Swing phase symmetry also increased significantly 

from 82.60 ± 8.08 prior to the intervention to 90.10 ± 

7.86 after it (p <.05)<Table 3>.

Step length

Paralyzed step length increased from 30.71 ± 9.91 be-

fore the intervention to 33.86 ± 11.35 after it in Group 

A (the study group) but the difference was not statisti-

cally significant (p> .05)<Table 4>. Non-paralyzed step 

length increased from 26.86 ± 13.45 prior to the inter-

vention to 30.29 ± 14.72 after it. Again, this difference 

was not statistically significant (p> .05)<Table 4>. 

Similarly, paralyzed step length increased from 23.50 ± 

6.95 before the intervention to 26.63 ± 12.30 after it in 

Group B (the control group) but without reaching 

statistical significance (p> .05)<Table 4>. Non-para-

lyzed step length also increased from 18.50 ± 6.99 pri-

or to the intervention to 20.75 ± 13.01 after it in this 

group, again in a way that was not of statistically sig-

nificant value (p> .05)<Table 4>.

10MWT

The values obtained from the 10MWT significantly de-

creased from 17.43 ± 12.29 before the intervention to 

15.43 ± 12.27 after it in Group A (the study group) (p 

<.05)<Table 5>. The result was similar for Group B 

(the control group), i.e., falling from 23.63 ± 18.12 pri-

or to the intervention to 20.25 ± 15.17 after it (p <.05) 

<Table 5>.

IV. Discussion

An increase in non-paralyzed stance, gait symmetry, 

and gait speed was observed in the current study fol-

lowing forced induction weight-supported training 

conducted on an unstable surface by hemiplegic 

patients. Training on unstable surface increased ex-

ternal perturbation, which helped to achieve more ef-
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fective postural control. When standing or walking on 

a surface, ramp, or moving ground, the input of so-

matosensory information causes confusion, thereby af-

fecting neuromuscular activity and postural response.
18)

 

Yang et al. (2012) demonstrated that symmetrical 

weight-bearing distribution increased with the applica-

tion of an unstable plate on the non-paralyzed side of 

the body and a stabilizing one on the paralyzed side, 

with both lower limbs pushing down on the floor, 

thus affecting the weight distribution ratio. This sug-

gests that the use of an unstable plate on the non-par-

alyzed side of the body causes confusion regarding 

the proper sensory receptive input, thereby promoting 

a weight shift to the paralyzed side supported by the 

stabilizer, with the result that symmetrical weight sup-

port and muscle activity in the paralyzed lower limb is 

achieved.
19)

 Chaudhuri et al. (2000) reported an in-

crease in paralyzed lower limb muscle activity and re-

duced latency in the paralyzed lower limb when the 

non-paralyzed limb was elevated for external 

perturbation.
13)

 Raising the non-paralyzed lower limb 

shifted the center of gravity to the paralyzed lower 

limb, thus reducing the learned non-use of the para-

lyzed lower limb and facilitating the recovery of pos-

tural control. 

The non-paralyzed stance phase decreased sig-

nificantly in the current study when an unstable sur-

face was utilized. This suggests that the center of 

gravity shifted to the paralyzed lower limb and in-

creased the use of the paralyzed limb.

Post-stroke hemiplegic patients were found to have 

faster gait speed and to achieve longer paralyzed step 

length after weight training for both the paralyzed and 

non-paralyzed sides of their body using weight trans-

fer in a study by Kim et al. (2011) In another study, 

Aruin et al. (2000) evaluated a single hemiplegic pa-

tient who participated in forced weight training for six 

weeks to elevate the non-paralyzed side. The result 

was a significant improvement in pre- and post-gait 

speed and weight-bearing ratio.
20)

 An increase in step 

length and a significant increase in gait speed were 

both observed in the current study although the re-

sults did not achieve statistical significance. 

V. Conclusion

Forced induction weight-supported training performed 

on an unstable surface significantly improved gait 

symmetry and speed in hemiplegic patients. Therefore, 

the study findings comprise useful data that can be 

used to achieve an improvement in the gait of such 

patients.
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