
Effect of Altering Handle Position of a Rolling Walker on 
Gait in Children with Cerebral Palsy 

The purpose of this study was to determine whether altering the handle position 
on a rolling walker would affect the gait pattern of children with spastic cerebral 
palsy (CP). Sixteen children with CP (2-10 years old) performed six gait trials, 
three with the handle on the rolling walker positioned horizontally and three with 
the handle positioned vertically. Using the footprint-on-paper method, gait 
characteristics of right and left step width, step length, and stride length; cadence; 
and velocity were determined. A two-way analysis of variance for two repeated 
measures indicated no significant differences in the measured gait characteristics 
between handle positions. Significant differences between the first trial and 
subsequent trials for both horizontal and vertical handle positions were found 
using Duncan's multiple comparison test This study suggests that in this sample of 
children, altering the handle position did not lead to any immediate statistically 
significant changes in the gait characteristics measured. Results suggest that 
walkers with vertical handles should not be prescribed under the assumption that 
the gait characteristics of the child using the walker will be changed. This study 
does not rule out other changes that might occur with the use of vertical-handled 
walkers. [Levangie PK, Guihan MF, Meyer P, et al Effect of altering handle 
position of a rolling walker on gait in children with cerebral palsy. Phys Ther 69: 
130-134, 1989.] 
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Physical therapists who prescribe 
walkers for their young patients with 
cerebral palsy (CP) commonly adapt 

the handle position of the walker from 
its usual horizontal position to a 
vertical handle position. In 1977, 

Bergen in Selected Equipment for 
Pediatric Rehabilitation noted that 

The adapted rollator encourages 
forearm supination, elbow 
extension and humeral abduction 
and external rotation. Once the 
flexor predominance or habitual 
position is corrected, truncal 
symmetry and back extension are 
considerably improved. Similarly, 
lower extremity alignment is 
demonstrably improved.1 

Use of the vertical-handled walker has 
become widespread enough that some 
manufacturers offer a walker that 
includes both horizontal and vertical 
handles or models where the options 
are easily interchangeable. 

Bergen's1 comments mirrored the 
principles espoused by the Bobaths, 
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Table 1 • Descriptive Information on Subjects Tested 

Assistive 
Device 

PCWa 

HHRWb 

lofstrandts 

lofstrandts 

lofstrandts 

HHRW 

HHRW 

independent 

VHRWC 

PCW 
PCW 
HHRW 

VHRW 

HHRW 

lofstrandts 

Duration 
of Use 
(mo) 

2 
3 

48 
13 
72 

3 
15 

12 
9 
3 

36 

72 
4 

Locomotion 
Time Used 
(%) 

0-25 

25-50 

25-50 

50-75 

75-100 

25-50 

75-100 

100 
0-25 

75-100 

50-75 

at school 

0-25 

25-50 

75-100 

who held that modifying joint positions 
could reduce abnormal patterns of 
movement throughout the body.2,3 

Delwaide et al were able to 
demonstrate on a healthy subject 
population that passive positioning of 
the upper extremities could influence 
what they noted as "tone" in the lower 
extremities.4 

Although one therapeutic goal for 
prescribing the rollator walker with 
vertical handles would be, as Bergen 
suggested,1 to improve the lower 
extremity alignment and gait of the 
child with CP, there is little, if any, 
substantiation in the literature of 
changes in gait produced by modifying 
the handle position of the walker.5 

The usual gait of the child with spastic 
CP has been documented, as marked 
by decreased step and stride length, 
decreased angle of toe-out, variations in 
step width, and decreased cadence and 
velocity.6,7 Improved gait for these 
children would generally imply 
increased values for these gait 

characteristics, each of which can be 
measured by or during the footprint 
method of gait documentation 
originally described by Ogg8 and 
Boenig.9 The reliability and validity of 
the footprint method of gait analysis 
has been demonstrated by numerous 
investigators on a variety of 
populations.10-14 

The purpose of this study was to 
document among a small sample of 
children with CP whether using rollator 
walkers with horizontal and with 
vertical handles would create any 
immediate changes in the gait 
characteristics of velocity; cadence; and 
right and left stride length, step length, 
and base of support. The hypothesis of 
this study was that there would be 
significant changes in the designated 
gait characteristics of the child with 
spastic CP when ambulating with the 
vertical-handled walker (forearm 
neutral) as compared with ambulating 
with the standard horizontal-handled 
walker (forearms pronated). 

Method 

Subjects 

The 16 subjects in this study were 
identified by contacting outpatient 
clinics and schools for handicapped 
children in eastern Massachusetts and 
northern Rhode Island. Physical 
therapists at these facilities received a 
study proposal approved by the Sargent 
College of Allied Health Professions 
Human Subjects Committee and were 
asked to identify any children under 
their care who might be appropriate 
for the study. All subjects met the 
following inclusion criteria: 1) be 
between 2 and 10 years of age, 2) have 
a diagnosis of spastic diplegia or 
quadriplegia, and 3) be able to 
ambulate with assistive devices and no 
more than minimal contact guarding. 
No attempt was made to control for the 
usual form of assistive device used by 
subjects because the number of 
subjects was anticipated to be small. 
Informed consents were signed by a 
parent or guardian. Information on the 
age, sex, and assistive devices used by 
the subjects is provided in Table 1. 

All children were tested in their own 
school or clinic. The children wore 
their own shoes and any orthoses 
normally worn during ambulation. 
Opara et al showed that ankle-foot 
orthoses have a significant effect on gait 
characteristics.15 The orthoses were not 
a factor in this study, however, because 
they were worn in both treatment 
conditions (walker with vertical 
handles, walker with horizontal 
handles). We requested that each child 
bring with them to the testing session 
their usual assistive device so that the 
heights of both rollator walker 
variations could be adjusted as closely 
as possible to the height of the child's 
own walker or crutch handles. 

Procedure 

Subjects were seated in a chair 
positioned at the end of a 4.0- x 0.7-m 
path of newsprint that was secured to 
the floor with masking tape. On the 
sole of each shoe, adhesive moleskin 
strips (1.3 cm wide) were applied 
horizontally through the widest portion 
of the forefoot (line A) and vertically 

aPCW = posture control walker. 
bHHRW = horizontal-handled rolling walker. 
CVHRW = vertical-handled rolling walker. 
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Age 
(yr/mo) 

2/3 
3/4 
8/8 

7/9 
8/7 
2/8 
8/7 
5/2 
8/3 
3/3 
4/3 

5/2 
9/7 
8/4 

Sex 

F 
F 
F 
F 
F 
M 
M 
M 
M 
M 
F 
F 
F 
M 
F 
M 



Fig. 1. Moleskin markings placed 
on bottom of each shoe. 

along a line projected to be through 
the second metatarsal and the midpoint 
of the heel (line B) (Fig. 1). The 
intersection of the two strips of 
moleskin on each foot was called point 
C. Each child was given the same 
minimal instructions in the use of each 
walker. The children were asked to 
walk at a comfortable speed in their 
usual way. 

Each subject performed three trials 
with each of the two handle positions 
for a total of six trials per subject. The 
handle position for the initial trial was 
randomly selected and was alternated 
for each trial thereafter. A brief rest 
period between trials was used to 
change paper paths and to re-ink the 
moleskin for the next trial. 

Data Reduction 

Each 4-m path of paper was marked 
with a line 0.5 m from either end. Data 
on footprints were collected only in the 
3-m length in the middle to eliminate 
those steps taken at the beginning and 
end of the trial. Time measurements 
began and ended as the toe of the 
subject's shoe crossed the marked 
lines. 

Step length, stride length, and step 
width (base of support) were obtained 
from the designated 3-m area in the 
center of the path. Each variable was 
measured and recorded to the nearest 

centimeter (Fig. 2). Point C, rather than 
the more traditional midpoint of the 
heel, was used as the referent on each 
foot because the initial contact in many 
children with CP is toes first, rather 
than heel-strike. Velocity was calculated 
as the number of seconds taken to 
cross the central 3-m distance. Cadence 
(in steps per minute) was calculated as 
the number of steps within the marked 
area divided by the time taken to cross 
the area. 

Two investigators (MFG and KS) were 
responsible for obtaining and 
recording all measurements. Intratester 
and intertester reliability for each 
variable were determined by having 
the investigators analyze the same strip 
of footprints from two different subjects 
on separate occasions. 

Data Analysis 

Mean values for each gait characteristic 
for each trial were obtained. For each 
gait characteristic under study, the 
mean values for all trials were used in 
a two-way analysis of variance (ANOVA) 
for two repeated measures. Where 

F-test ratios for the ANOVAs were 
found to be significant (p < .05), a 
Duncan multiple comparison test was 
performed to locate differences. 
Pearson product-moment correlations 
were also performed, with a 
correlation of .90 considered 
acceptable. 

Results 

The randomized order of walker 
presentation resulted in seven subjects 
using the walker with the horizontal 
handle position first and in nine 
subjects using the vertical handle 
position first. Interrater and intrarater 
reliabilities were determined to be .98 
and .99, respectively. 

The two-way ANOVAs for two repeated 
measures indicated no significant 
differences in any of the measured gait 
characteristics either between the two 
handle positions or in the interaction 
of handle position and trial order. 
Significant differences, however, were 
found for all variables except right step 
length between first, second, and third 
trials (Tab. 2). 

Line of Progression 

•Step Width 

•Step Length 

•Stride Length 

Fig. 2. Measurement of distance characteristics from recorded footprints. 
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Table 2. F-Test Ratio Results From Two-way Analysis of Variance for Two Repeated Measures 

Variable 

Step width (L) 

Step width (R) 

Step length (L) 

Step length (R) 

Stride length (L) 

Stride length (R) 

Cadence 

Velocity 

Handles 

F 

0.98 

0.56 

0.00 

0.90 

0.49 

0.31 

1.11 

0.81 

df 

15 

15 

15 

15 

15 

13 

13 

13 

Trial Order 

F df 

5.46a 

6.94a 

5.55a 

2.73 

10.66a 

11.75a 

4.33a 

5.56a 

30 

30 

30 

30 

30 

26 

26 

26 

Handles x Trial Order 

F df 

0.36 30 

0.19 30 

0.19 30 

1.39 30 

0.07 30 

0.10 26 

0.58 26 

1.22 26 

Table 3 shows the means and standard 
deviations for each of the variables and 
indicates the results of the Duncan 
multiple comparison test. Although 
results of the ANOVAs indicated 
cadence varied between first, second, 
and third trials, the multiple 
comparison test did not show evidence 
of any differences. 

Discussion 

Data led to a rejection of the hypothesis 
that altering the handle position on a 
rolling walker between horizontal and 
vertical positions would show 
differences in the gait characteristics of 
step length, stride length, base of 
support, velocity, and cadence among a 
sample of children with spastic CP. 
Differences in measured gait 
characteristics between the two versions 
of rollator walkers tested did not reach 
a level of significance of .05. Although 
gait patterns varied considerably from 
child to child, the repeated measures 
design has the advantages of both being 
more efficient and controlling for 
subject heterogeneity.16,17 The variations 
in initial gait among the children, 
therefore, should not account for the 
lack of statistically significant differences 
between the walker variations. 

Adapting the handle position on the 
walker from a horizontal to a vertical 
position altered the position of the 
forearm from pronation to neutral but 
did not appear to be accompanied by 
the increased elbow extension or 

shoulder abduction and lateral 
(external) rotation suggested by 
Bergen.1 The changes in forearm 
position produced by altering handle 
position by themselves may not have 
been adequate to effect changes in 
lower extremity function seen clinically 
by Bergen.1 

Although the order effects of trial were 
not of primary interest in this study, 
differences between Trial 1 and one or 
both of the subsequent trials reached 
statistical significance for each variable 
except right step length and cadence 
(where the multiple comparison test 
was unable to locate the differences 
indicated by the ANOVA). Visual 
inspection of the mean values for each 
gait characteristic except step width 
indicated a trend toward increasing 
values from Trial 1 to Trial 3, even 
when differences were not found to be 
significant. There was no obvious trend 
for step width. 

It should be noted that our sample size 
in this study was small. The small 
number of subjects and the large 
variance seen in the gait characteristics 
may have affected the power of the 
study to find statistically significant 
differences. Significant differences, 
however, were found between trials for 
these same subjects. A larger number 
of subjects would also have permitted a 
subgroup analysis of these data by the 
usual assistive device of the child. That 
is, changes in gait characteristics may 
have been influenced by whether the 

child usually used a standard rollator 
walker and, if so, whether that walker 
had vertical or horizontal handles. 

Results of this study do not rule out 
changes in posture or gait that may be 
seen with other concomitant walker 
adjustments or with walker use over 
time. Similarly, adjustment of the walker 
handle position may have beneficial 
effects to upper extremity function. 

Conclusions 

Two conclusions can be drawn from 
the data in this study. First, altering 
handle position alone did not create 
immediate statistically significant 
changes in the gait characteristics 
measured in this study. Second, data in 
this study suggest that the initial gait 
trial for each treatment condition 
should be excluded from data analyses 
or carefully assessed as to whether it is 
typical of subsequent trials. 

The purpose of this study was to 
examine differences produced by 
vertical- and horizontal-handled walkers 
on the gait characteristics of step 
length, stride length, base of support, 
velocity, and cadence among a sample 
of children with spastic CP. This study 
identified that, in this restricted sample 
of children, changing handle position 
on a rollator walker in isolation did not 
influence measured gait characteristics. 
A vertical-handled walker probably 
should not be prescribed for a child 
with spastic CP if the goal is to obtain 

ap < .05. 
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Table 3 . Gait Characteristics Across Trials Using Vertical-Handled and Horizontal-Handled Walkers 

Step width (cm) 
Trial 1 
Trial 2 
Trial 3 

Step length (cm) 
Trial 1 
Trial 2 
Trial 3 

Stride length (cm) 
Trial 1 
Trial 2 
Trial 3 

Velocity (m/sec) 
Trial 1 
Trial 2 
Trial 3 

Cadence (steps/min)d 

Trial 1 
Trial 2 
Trial 3 

Vertical Handles 
Right 

14.6 
12.8 
13.2 

19.9 
21.7 
21.5 

37.6 
42.2 
43.4 

s 

6.5a 

5.9 
5.2 

8.3 
9.1 
9.0 

13.6b 

15.2 
13.0 

0.17 
0.23 
0.26 

56.1 
66.2 
71.8 

Left 

14.6 
12.9 
13.2 

17.7 
21.1 
21.4 

37.7 
42.0 
43.3 

s 

0.12c 

0.12 
0.11 

25.9 
18.8 
24.2 

$ 

6.4a 

5.7 
5.3 

7.0* 
7.7 
6.9 

13.2b 

15.2 
12.9 

Horizontal Handles 
Right 

13.9 
12.5 
13.0 

19.4 
19.3 
21.8 

37.2 
40.9 
42.8 

5 

5.7a 

4.5 
5.6 

8.6 
9.9 
7.2 

16.9b 

16.6 
13.6 

0.18 
0.20 
0.23 

55.4 
61.4 
66.9 

Left 

13.8 
12.3 
13.1 

18.1 
21.3 
20.9 

37.3 
40.8 
42.5 

s 

0.15C 

0.12 
0.12 

27.9 
21.8 
21.0 

s 

5.6a 

4.4 
6.0 

9.5b 

8.9 
7.4 

15.7* 
15.7 
13.1 

immediate and observable effects on 
these gait characteristics. This study, 
however, did not attempt to draw 
conclusions about the positive effects 
that a vertical-handled walker might 
have on such variables as hand or wrist 
position or on overall postural 
alignment. Similarly, changes over time 
or with experience using the walkers 
were not assessed. These and other 
effects of the modified rollator walker 
should be the topics of further study. 
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