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Abstract.	 [Purpose] We investigated the effects of modulation of the optic flow speed on gait parameters in 
children with hemiplegic cerebral palsy. [Methods] We examined 10 children with hemiplegic cerebral palsy. The 
children underwent gait analysis under 3 different conditions of optic flow speed: slow, normal, and fast optic flow 
speed. The children walked across the walkway of a GAITRite system, while watching a virtual reality screen, and 
walking velocity, cadence, stride length, step length, single support time, and double support time were recorded. 
[Results] Compared with the other applied flow speed conditions, the fast optic flow speed (2 times the normal 
speed) significantly increased walking velocity, cadence, normalized step length, base of support, and single sup-
port cycle of both the paretic and non-paretic lower limbs. Moreover, compared with the other applied flow speed 
conditions, the slow optic flow speed (0.25 times the normal speed) yielded a significantly decreased walking veloc-
ity, cadence, normalized step length, base of support, and single support cycle for both the paretic and non-paretic 
lower limbs. [Conclusion] The gait parameters of children with hemiplegic cerebral palsy are altered by modulation 
of the optic flow speed. Thus, we believe that gait training involving modulation of the optic flow speed is feasible 
and suitable for resolving abnormal gait patterns in children with hemiplegic cerebral palsy.
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INTRODUCTION

Cerebral palsy is a nonprogressive disorder that occurs 
during early brain development and presents with abnormal 
movement and posture1, 2). Previous studies indicated that 
90% of patients with cerebral palsy exhibit impaired gait 
patterns due to excessive muscle weakness, altered joint 
kinetics, and diminished postural reactions3). The impair-
ments cause abnormal gait, including developmental dis-
ability in the upper and lower extermities4), a wide base of 
support, decreased step and stride lengths, reduced time in 
single stance, and a slower walking velocity5). Therefore, 
a common goal of rehabilitation in children with cerebral 
palsy is the recovery of functional gait6, 7).

Certain aspects of gait control in humans are generated 
by integration of visual, proprioceptive, and vestibular in-
formation8). Visual information input is essential for detect-
ing and identifying sensory information from the surround-
ing environment, thus enabling appropriate spatiotemporal 
anticipation, before initiating and completing movement9). 
Therefore, alteration of visual information input impor-

tantly influences gait velocity in humans10). Hence, many 
studies involving rehabilitation of patients demonstrating a 
hemiplegic gait pattern have employed visual information 
techniques such as visual feedback therapy and virtual real-
ity training methods11–13).

Yang et al. investigated the effects of virtual reality 
treadmill training on functional gait in hemiplegic stroke 
patients, and the results of this training appeared to dem-
onstrate improvement of gait function and patient mobil-
ity13). Baram et al. reported that visual feedback improved 
walking speed and stride length in patients with hemiplegic 
cerebral palsy14).

Optic flow is the pattern of motion perceived at the 
retina, which specifies the direction of locomotion15) and 
provides vital feedback concerning patient regulation of 
walking velocity16). Prokop et al. reported that modulation 
of optic flow resulted in changes in gait parameters such 
as gait velocity, cadence, and stride length in human sub-
jects17). Lamontegne et al. reported that a fast optic flow 
speed resulted in increased walking velocity and cadence in 
hemiplegic stroke patients18). Moreover, Kang et al. report-
ed that treadmill training, along with modulation of optic 
flow, improved gait velocity in hemiplegic patients follow-
ing a stroke8).

Several such studies concerning the effects of optic flow 
alterations on gait parameters are found in the literature. 
However, the majority of these studies assessed both hemi-
plegic stroke patients and healthy adults. Therefore, in the 
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present study, we examined the alterations in gait param-
eters due to modulation of the optic flow speed specifically 
in patients with hemiplegic cerebral palsy.

SUBJECTS AND METHODS

In the present study, we examined 10 children with 
hemiplegic cerebral palsy who visited the Community Re-
habilitation Welfare Center, Korea. The general character-
istics of the children are described in Table 1. All subjects 
and guardians signed an informed consent form after they 
understood the contents of the study. The inclusion criteria 
were as follows: a current diagnosis of hemiplegic cerebral 
palsy, ability to walk unassisted or with only minimal assis-
tance for more than 10 m, patient motor function consistent 
with level I and II according to the Gross Motor Function 
Classification System (GMFCS), and no visual deficit. The 
study was approved by the human research ethics commit-
tee of all the participating institutions.

This study design is cross-sectional. All subjects were 
evaluated for alteration of gait parameters using a GAI-
TRite system. Each subject was evaluated during applica-
tion of optic flow speeds at 3 different levels, as follows: 
slow (0.25 times the normal speed), normal, and fast (2 
times the normal speed). The visual information was pro-
jected on a screen via a connected notebook with virtual 
reality software, which mimicked walking in a park.

Patient procedural parameters were established as fol-
lows: First, all subjects walked at a self-selected speed on 
the GAITRite system, without visual program input in-
formation. Second, prior to recording flow speed and gait 
effects, all subjects adapted their gait to the visual infor-
mation during a 10-min trial of the 3 levels of optic flow 
speed, which were randomly applied. Third, the subjects 
who had watched the screen playing the visual information 
with one of the 3 optic flow speeds and a self-selected gait 
speed, walked across the walkway of the GAITRite sys-
tem. The subjects walked 5 times at each optic flow speed, 
and the data was reduced to a mean value for each subject 
examined. A 3-min rest period was allowed between each 
intervention, to minimize the effects of muscular fatigue. 
Any subject who required assistance was provided minimal 
assistance by a therapist who was not informed about the 
purpose of the subject’s activity or the purpose of the study.

The GAITRite System (CIR Systems Inc., Sparta, NJ, 
USA) recorded the spatiotemporal gait data. This device 
has an electronic walkway measuring approximately 700 
× 90 cm, with pressure sensors placed in a horizontal grid 
along the walking surface; the device is connected via an 
interface cable to a notebook running the MS Windows XP 
operating system. The recording area of the device gener-
ally measures 61 cm in width and 732 cm in length. Sensors 
are maintained at a distance of 1.27 cm from each other (to-
taling 27,648 sensors), and a recording frequency of 80 Hz 
is used with temporal resolutions of 11 ms. The GAITRite 
Gold, Version 3.2b, software was used for spatiotemporal 
data analysis. The procedure for evaluation using the GAI-
TRite system was as follows: each subject stood in front of 
the mat, and when cued by the evaluator, the subject walked 

onto and along the mat at a self-selected walking speed. 
The collected data consisted of temporal gait characteris-
tics such as velocity, cadence, single support time, double 
support time, and spatial gait characteristics including step 
length and stride length. The measurement reliability of this 
system is r = 0.90, and the ICC is 0.9610, 19).

SPSS version 12.0 was used to calculate the mean and 
standard deviations. Repeated measure ANOVA was used 
to compare spatiotemporal gait parameters for each optic 
flow speed. All data were calculated at a significance value 
of p< 0.05.

RESULTS

The fast optic flow speed (2 times the normal speed) 
significantly increased walking velocity, cadence, normal-
ized step length, base of support, and single support cycle 
of both the paretic and non-paretic lower limbs as compared 
with the other flow conditions applied (p> 0.05). Moreover, 
the slow optic flow speed (0.25 times the normal speed) in-
duced significantly decreased walking velocity, cadence, 
normalized step length, base of support, and single sup-
port cycle of both the paretic and non-paretic lower limbs 
as compared with the other flow speed conditions applied 
(p> 0.05) (Table 2).

DISCUSSION

This study compared the alteration in spatiotemporal 
gait parameters according to the application of slow, nor-
mal, and fast optic flow speeds in patients with hemiplegic 
cerebral palsy.

Optic flow induced an immediate change in gait speed of 
the subjects under study20). After occurrence of an incon-
gruity between alteration of the optic flow speed and the 
resulting proprioceptive information observed in the lower 
extremity, the subjects decreased the incongruity by alter-
ing movement in the lower extremity8, 17–18). Konczak et al. 
reported that an increased optic flow speed in healthy adults 
induced an increase in walking velocity more quickly than 

Table 1.	General characteristics of the children with hemiplegic 
cerebral palsy

Subject Gender Age (years, 
months)

Height 
(cm)

Paretic 
limb

GMFCS 
level

S1 Male 5, 5 109 R I
S2 Male 6, 1 117 R I
S3 Female 4, 10 84 L I
S4 Male 5, 8 103 R II
S5 Female 4, 6 95 R I
S6 Male 5, 2 112 R I
S7 Male 4, 1 96 L I
S8 Male 6, 1 124 L I
S9 Male 3, 9 97 R I
S10 Female 4, 2 99 R I

R, right; L, left; GMFCS, Gross Motor Function Classification 
System
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that induced by a reduced optic flow21). Prokop et al. re-
ported that alterations of optic flow speed in healthy adults 
resulted in modulation of stride length and walking velocity 
because optic flow interpretation by the brain played a ma-
jor role in the regular gait pattern and gait control17). There-
fore, changes in the gait patterns of healthy adults were in-
duced by altering the optic flow speed.

In previous studies involving subjects with several spa-
tiotemporal orientation types, Schubert et al. reported that 
patients with Parkinson’s disease, tested through applica-
tion of various optic flow speeds ranging from 1 to 3 times 
the normal speed, changed their gait speed and cadence 
more quickly than elderly adults and healthy adults. This 
phenomenon was attributed to the fact that patients with 
Parkinson’s disease experience excessive reliance on visual 
feedback due to the impairment of proprioceptive guidance 
during voluntary movement and damage noted as sensory 
scaling associated with altered kinesthesia22). Lamontegne 
et al. reported that poststroke hemiplegic patients demon-
strated altered gait speed and cadence when influenced by 
large differences in optic flow speed18). Thus, changes in 
gait control in patients with Parkinson’s disease and patients 
with hemiplegic stroke were both influenced by alterations 
in optic flow speed.

This study indicated that the fast optic flow speed in 
hemiplegic cerebral palsy subjects, generated altered tem-
poral parameters in gait speed, cadence, single support time 
of the affected and non-affected side, and double support 
time of the affected and non-affected side more quickly 
than application of the slow optic flow speed, self-selected 
gait speed, or normal optic flow speed. Moreover, the fast 
optic flow speed induced alterations of spatial parameters in 
stride length in the hemiplegic cerebral palsy subjects, on 
the affected and non-affected sides as well as step length on 
the affected and non-affected sides, for an extended period 
of time when compared with the alterations produced by 
all the other applied optic flow speeds. In a previous study, 
alteration of optic flow speeds in hemiplegic stroke patients 
resulted in gait alterations similar to those found in hemi-
plegic cerebral palsy subjects. Kang et al. reported that the 

application of a fast optic flow speed in hemiplegic stroke 
patients induced spatial and temporal parameters more 
quickly than the application of slow and normal optic flow 
speeds. The most prominently observed deficits in patients 
with hemiplegic cerebral palsy were noted in gait veloc-
ity, decreased step and stride lengths, and reduced time in 
single stance, although self-selected gait was not affected5). 
Therefore, a rehabilitation program including alterations of 
the optic flow speed in children with hemiplegic cerebral 
palsy may improve gait parameters.

Moreover, alterations of gait parameters, as a result of 
alterations of the optic flow speed, in children with hemiple-
gic cerebral palsy were found to be similar to those pro-
duced in hemiplegic stroke patients. Such gait alterations in 
both patient groups are generated by changes in lower limb 
response patterns due to the patient’s intention to decrease 
the incongruity between proprioceptive information of the 
lower limbs and the optic flow speed.

Limitations of the present this study include the relative-
ly small group of eligible subjects available and the absence 
of control group data. Therefore, further similar studies in-
volving a larger subject population and a non-affected con-
trol group are needed. Furthermore, studies documenting 
the effects of a rehabilitation program using variable optic 
flow speeds in the treatment of children with hemiplegic 
cerebral palsy, are considered to be a necessary prerequisite 
to the addition of variable optic flow movement therapies in 
rehabilitation hospitals.

REFERENCES

1)	 Rosenbaum P, Paneth N, Leviton A, et al.: A report: the definition and clas-
sification of cerebral palsy April 2006. Dev Med Child Neurol Suppl, 2007, 
109: 8–14. [Medline]

2)	 Kim SJ, Kwak EE, Park ES, et al.: Differential effects of rhythmic auditory 
stimulation and neurodevelopmental treatment/Bobath on gait patterns in 
adults with cerebral palsy: a randomized controlled trial. Clin Rehabil, 
2012, 26: 904–914. [Medline]  [CrossRef]

3)	 Chagas PS, Mancini MC, Barbosa A, et al.: Analysis of the interventions 
used for gait promotion in children with cerebral palsy: a systematic re-
view of the literature. Rev Bras Fisioter, 2004, 8: 155–163.

4)	 Massaad F, Dierick F, van den Hecke A, et al.: Influence of gait pattern 
on the body’s centre of mass displacement in children with cerebral palsy. 

Table 2.	Comparison of gait parameter among the different optic flow speeds

Parameters Slow OF Normal OF Fast OF
Velocityabc 
(cm/sec) 48.7±2.3 56.9±2.9 69.3±2.8

Cadenceabc 
(step/min) 109.2±2.5 122.8±2.3 134.4±2.5

Normalized step length 
(step length / leg length)

Affected sideabc 0.7±0.1 0.7±0.1 0.8±0.2
Non-affected sideabc 0.7±0.1 0.7±0.1 0.8±0.1

Base of support 
(cm)

Affected side abc 12.5±0.3 11.4±0.5 10.1±0.7
Non-affected sideabc 13.2±0.3 12.0±0.4 9.4±0.4

Single support 
(% gait cycle)

Affected sideabc 32.7±0.4 35.2±0.4 37.3±0.3
Non-affected sideabc 36.1±1.1 38.2±1.3 40.2±1.6

All variables are presented as mean±standard deviation values. OF, optic flow.
aStatistically significant difference between slow OF and normal OF (p<0.05).
bStatistically significant difference between slow OF and fast OF (p<0.05).
cStatistically significant difference between normal OF and fast OF (p<0.05).

http://www.ncbi.nlm.nih.gov/pubmed/17370477?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22308559?dopt=Abstract
http://dx.doi.org/10.1177/0269215511434648


J. Phys. Ther. Sci. Vol. 26, No. 1, 2014148

Dev Med Child Neurol, 2004, 46: 674–680. [Medline]  [CrossRef]
5)	 Eagleton M, Iams A, McDowell J, et al.: The effects of strength training on 

gait in adolescents with cerebral palsy. Pediatr Phys Ther, 2004, 16: 22–30. 
[Medline]  [CrossRef]

6)	 Bjornson KF, Belza B, Kartin D, et al.: Ambulatory physical activity per-
formance in youth with cerebral palsy and youth who are developing typi-
cally. Phys Ther, 2007, 87: 248–257. [Medline]  [CrossRef]

7)	 Lepage C, Noreau L, Bernard PM: Association between characteristics of 
locomotion and accomplishment of life habits in children with cerebral 
palsy. Phys Ther, 1998, 78: 458–469. [Medline]

8)	 Kang HK, Kim Y, Chung Y, et al.: Effects of treadmill training with optic 
flow on balance and gait in individuals following stroke: randomized con-
trolled trials. Clin Rehabil, 2012, 26: 246–255. [Medline]  [CrossRef]

9)	 Hwang S, Woo Y, Lee SY, et al.: Augmented feedback using visual cues for 
movement smoothness during gait performance of individuals with par-
kinson’s disease. J Phys Ther Sci, 2012, 24: 553–556.  [CrossRef]

10)	 Jung JH, Cho KH, Shim SH, et al.: The effects of integrated visual and 
auditory stimulus speed on gait of individuals with stroke. J Phys Ther Sci, 
2012, 24: 881–883.  [CrossRef]

11)	 Jaffe DL, Brown DA, Pierson-Carey CD, et al.: Stepping over obstacles to 
improve walking in individuals with poststroke hemiplegia. J Rehabil Res 
Dev, 2004, 41: 283–292. [Medline]  [CrossRef]

12)	 Fung J, Richards CL, Malouin F, et al.: A treadmill and motion coupled 
virtual reality system for gait training post-stroke. Cyberpsychol Behav, 
2006, 9: 157–162. [Medline]  [CrossRef]

13)	 Yang YR, Tsai MP, Chuang TY, et al.: Virtual reality-based training im-
proves community ambulation in individuals with stroke: a randomized 

controlled trial. Gait Posture, 2008, 28: 201–206. [Medline]  [CrossRef]
14)	 Baram Y, Lenger R: Gait improvement in patients with cerebral palsy by 

visual and auditory feedback. Neuromodulation, 2012, 15: 48–52. [Med-
line]  [CrossRef]

15)	 Warren WH, Kay BA, Zosh WD, et al.: Optic flow is used to control human 
walking. Nat Neurosci, 2001, 4: 213–216. [Medline]  [CrossRef]

16)	 De Smet K, Malcolm P, Lenoir M, et al.: Effects of optic flow on spon-
taneous overground walk-to-run transition. Exp Brain Res, 2009, 193: 
501–508. [Medline]  [CrossRef]

17)	 Prokop T, Schubert M, Berger W: Visual influence on human locomotion. 
Modulation to changes in optic flow. Exp Brain Res, 1997, 114: 63–70. 
[Medline]  [CrossRef]

18)	 Lamontagne A, Fung J, McFadyen BJ, et al.: Modulation of walking speed 
by changing optic flow in persons with stroke. J Neuroeng Rehabil, 2007, 
4: 22. [Medline]  [CrossRef]

19)	 Webster KE, Wittwer JE, Feller JA: Validity of the GAITRite walkway 
system for the measurement of averaged and individual step parameters of 
gait. Gait Posture, 2005, 22: 317–321. [Medline]  [CrossRef]

20)	 Varraine E, Bonnard M, Pailhous J: Interaction between different sensory 
cues in the control of human gait. Exp Brain Res, 2002, 142: 374–384. 
[Medline]  [CrossRef]

21)	 Konczak J: Effects of optic flow on the kinematics of human gait: a com-
parison of young and older adults. J Mot Behav, 1994, 26: 225–236. [Med-
line]  [CrossRef]

22)	 Schubert M, Prokop T, Brocke F, et al.: Visual kinesthesia and locomotion 
in Parkinson’s disease. Mov Disord, 2005, 20: 141–150. [Medline]  [Cross-
Ref]

http://www.ncbi.nlm.nih.gov/pubmed/15473171?dopt=Abstract
http://dx.doi.org/10.1111/j.1469-8749.2004.tb00980.x
http://www.ncbi.nlm.nih.gov/pubmed/17057468?dopt=Abstract
http://dx.doi.org/10.1097/01.PEP.0000116781.00415.8E
http://www.ncbi.nlm.nih.gov/pubmed/17244693?dopt=Abstract
http://dx.doi.org/10.2522/ptj.20060157
http://www.ncbi.nlm.nih.gov/pubmed/9597060?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/21971754?dopt=Abstract
http://dx.doi.org/10.1177/0269215511419383
http://dx.doi.org/10.1589/jpts.24.553
http://dx.doi.org/10.1589/jpts.24.881
http://www.ncbi.nlm.nih.gov/pubmed/15543446?dopt=Abstract
http://dx.doi.org/10.1682/JRRD.2004.03.0283
http://www.ncbi.nlm.nih.gov/pubmed/16640470?dopt=Abstract
http://dx.doi.org/10.1089/cpb.2006.9.157
http://www.ncbi.nlm.nih.gov/pubmed/18358724?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2007.11.007
http://www.ncbi.nlm.nih.gov/pubmed/22151772?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/22151772?dopt=Abstract
http://dx.doi.org/10.1111/j.1525-1403.2011.00412.x
http://www.ncbi.nlm.nih.gov/pubmed/11175884?dopt=Abstract
http://dx.doi.org/10.1038/84054
http://www.ncbi.nlm.nih.gov/pubmed/19034439?dopt=Abstract
http://dx.doi.org/10.1007/s00221-008-1648-6
http://www.ncbi.nlm.nih.gov/pubmed/9125452?dopt=Abstract
http://dx.doi.org/10.1007/PL00005624
http://www.ncbi.nlm.nih.gov/pubmed/17594501?dopt=Abstract
http://dx.doi.org/10.1186/1743-0003-4-22
http://www.ncbi.nlm.nih.gov/pubmed/16274913?dopt=Abstract
http://dx.doi.org/10.1016/j.gaitpost.2004.10.005
http://www.ncbi.nlm.nih.gov/pubmed/11819046?dopt=Abstract
http://dx.doi.org/10.1007/s00221-001-0934-3
http://www.ncbi.nlm.nih.gov/pubmed/15757838?dopt=Abstract
http://www.ncbi.nlm.nih.gov/pubmed/15757838?dopt=Abstract
http://dx.doi.org/10.1080/00222895.1994.9941678
http://www.ncbi.nlm.nih.gov/pubmed/15390031?dopt=Abstract
http://dx.doi.org/10.1002/mds.20281
http://dx.doi.org/10.1002/mds.20281

