
1

Fo
rs

kn
in

g 
i F

ys
io

te
ra

pi
 •

 w
w

w
.f

ys
io

.d
k/

fa
fo

/ 
• 

28
. o

kt
ob

er
 2

00
9 

Improvements in gait and motor function 

Improvements in gait and motor function in 
an adolescent with cerebral palsy following 
an intensive stationary cycling intervention 
- A case report

Stahlhut, Michelle (28. oktober, 2009). Improvements in gait and motor function in an 
adolescent with cerebral palsy following an intensive stationary cycling intervention 
- A case report. Forskning i Fysioterapi. ISSN 1903-03. 7. årg., side 1-6. Webadresse: 

fysio.dk/fafo/Forskningsartikler/Artikler-2009/Improvements-in-gait-and-motor-function

1. Background
Cerebral palsy (CP) is the most common cause of 
disability in childhood (1). The prevalence is 2-3 
in 1000 births (2). CP comprises a group of per-
manent disorders caused by a non-progressive 
lesion in the immature brain. The primary im-
pairments in the neuromuscular system are 
muscle weakness, spasticity and reduced selec-
tive muscle control. These impairments have a 
high impact on the ability to perform daily acti-
vities and to participate in leisure activities (3). 
For example, the majority of children and adole-
scents with CP experience difficulty in walking 
(4), where walking speed and endurance are re-
duced (5, 6). Thus, efficient and independent 
walking is an important therapeutic goal for 
many children and adolescents with CP (7).

Treadmill training has been used in adult and 
pediatric rehabilitation to improve the walking 
function in a task-specific manner (8). Evidence 
that treadmill training is effective in children 
with CP is limited and mostly based on single-
subject case studies. The studies, however, 
show varying improvements in e.g. GMFM sco-
res, walking speed, step length and endurance 
(9). 

Cycling is a locomotor task that requires recipro-
cal flexion and extension movements of hip, 
knee and ankle and has alternating muscle acti-
vation of antagonist muscles in a coordinated 
manner similar to walking. The kinematic pat-
terns of walking and cycling are found to be si-
milar (10). Studies of cycling interventions have 
been performed in adult populations with acute, 
subacute and chronic stroke (11-13). The cycling 
intervention is found to be feasible and to impro-
ve aerobic capacity and functional performance.

Literature supporting cycling interventions for 
children and adolescents with CP is limited (14, 
15). Williams and Pountney have demonstrated 
that a static bicycling programme resulted in 
significant improvements in functional ability as 
measured by GMFM in non-ambulant children 
with CP (15). An ongoing RCT study examines 
the effect of a 12-week stationary cycling inter-
vention on children and adolescents with spastic 
diplegic CP (16). 

The effectiveness of a cycling intervention to 
improve gait parameters and motor function in 
children and adolescents with CP is a relevant 
clinical question since this intervention can be 
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conducted in a home setting. To keep costs at a 
minimum, it is important to be able to design 
interventions that are feasible in a home set-
ting. Thus, the effects of cycling interventions 
need to be studied further. The purpose of this 
case report has been to examine the effects of 
an intensive stationary cycling intervention on 
walking speed, walking endurance, gross motor 
function and health-related quality of life in a 
16-year-old girl with CP. Furthermore, the feasi-
bility of a cycling intervention in a home setting 
has been studied. 
 
2. Case description
2.1 Participant
The participant was a 16-year-old girl diagnosed 
with spastic triplegic CP and GMFCS level II. Par-
ticularly, her left-side extremities were affected. 
Prior to the cycling intervention, the participant 
had received physical therapy once a week. 

Clinical observations of gait showed trendelen-
burg gait, internal rotation of left hip and a ten-
dency to left foot drop. Step length was asym-
metric with prolonged standing phase on the 
right leg. The participant often expressed fee-
lings of fatigue and lack of energy and someti-
mes experienced difficulty in keeping up with 
her peers and being physically active. Her goals 
were to improve her endurance and strength in 
order to maintain an active lifestyle including fa-
mily hikes and trips with peers. Thus, the parti-
cipant was highly motivated prior to the cycling 
intervention. Both the participant and her pa-
rents signed an informed consent.

2.2 Outcome measures
Gait and functional performance were assessed 
at baseline and after a five-week period of in-
tensive stationary cycling intervention. The out-
come measures used were the Six-Minute Walk 
Test (6MWT) (17), the 10-Meter Walk Test (18), 
the Energy Expenditure Index (EEI) (19), the Sit-
To-Stand Test (STST) (20), the Gross Motor 
Function Measure (GMFM) (21) and the Pediatric 
Quality of Life (PedsQL) (22). The tests were 
performed by the physiotherapist involved in 
the intervention.

2.3 Intervention
The intervention took place in the participant’s 
home. The participant did not receive any other 
training during the intervention period. A Monark 
Sparr Rehab Model 808 stationary bicycle was 
used. This stationary bicycle has a manual resi-
stance load with 0 to 20 cords. A total of 19 ses-
sions were completed in a 5-week period with 
3-4 sessions per week. The duration of each ses-
sion increased weekly, from 30 to 45 minutes 
(see table 1). Once a week, a physiotherapist ob-
served the training and adjusted the resistance. 
During 9 sessions, a parent supervised the parti-
cipant and offered encouragement. Each session 
consisted of: 1) Warm-up, 2) Strength, 3) Endu-
rance, and 4) Cool-down. The components of 
strength and endurance training were designed 
with inspiration from (12) and (16).
The participant wore a heart rate monitor. The 
resting heart rate was measured every week af-
ter a 5-minute rest lying down. During the warm-
up, the target heart rate was 50 % of maximum 
heart rate. The target heart rate range was calcu-
lated using the Karvonen Formula (23). In the 
strength component the participant completed 
10 sets of 10 to 20 revolutions at a high resistan-
ce load (>10 cords). A resting period between 
each set was allowed. The endurance component 
consisted of continuous cycling at moderate resi-
stance. The participant was encouraged to keep a 
constant cadence. The endurance training incre-
ased weekly, from 10 minutes in the first week to 
25 minutes in the last week. The target heart 
rate range during the endurance training was 70 
to 80 % of maximum heart rate. Table 1 shows 
the weekly progressions of the intervention.

3. Results
Results of the outcome measures, pre- and 
post-interventional, are shown in table 2. Post- 
intervention, the participant was able to walk 
29.6 meters longer as measured with the 6MWT, 
which yields a 4.6 % increase in walking speed. 
In the 10-Meter Walk Test, the participant was 
able to walk faster with a 26.7 % increase in 
self-selected walking speed and a 17.6 % incre-
ase in fast walking speed. A reduction in EEI is 
seen at both the slow and the moderate walking 
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Table 1. Progression during a 5-week period of intensive stationary cycling intervention

Week 1 Week 2 Week 3 Week 4 Week 5

Warm-up

Duration 5 min. 5 min. 5 min. 5 min. 5 min.

Resistance 5 cords 5 cords 5 cords 5 cords 5 cords

Target heart rate 130 130 130 130 130

Strength

Duration 10 min. 10 min. 10 min. 10 min. 10 min.

Resistance 12 cords 13 cords 15 cords 15 cords 16 cords

Revolutions 10 15 15 20 20

Endurance

Duration 10 min. 15 min. 20 min. 25 min. 25 min.

Resistance 10 cords 10 cords 10 cords 10 cords 11 cords

Target heart rate 160-175 160-175 160-175 160-175 160-175

Cool-down

Duration 5 min. 5 min. 5 min. 5 min. 5 min.

Resistance 3 cords 3 cords 3 cords 3 cords 3 cords

Total duration 30 min. 35 min. 40 min. 45 min. 45 min.

Table 2. Pre- and post-intervention results

Outcome measure Pre-intervention Post-intervention

6MWT 425 meters (4.3 km/h) 454.6 meters (4.5 km/h)

10-Meter Walk Test (self-selected speed) 12 sec (3.0 km/h) 9.5 sec (3.8 km/h)

10-Meter Walk Test (fast speed) 7 sec (5.1 km/h) 6 sec (6 km/h)

EEI (1 km/h) 3.35 bpm 2.45 bpm

EEI (3 km/h) 1.31 bpm 1.07 bpm

STST 11 repetitions 14 repetitions

GMFM, dimension D 76.9% (30 points) 84.6% (33 points)

GMFM, dimension E 76.4% (55 points) 86.1% (62 points)

PedsQL, Total mean 61.9 76.1

PedsQL, Physical functioning mean 62.5 78.1

PedsQL, Emotional functioning mean 60.0 75.0

PedsQL, Social functioning mean 80.0 90.0

PedsQL, School functioning mean 45.0 60.0
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speed, indicating a more efficient energy con-
sumption during walking. 

The participant was able to complete 3 additio-
nal repetitions on the STST after the interventi-
on. Improvements in gross motor function were 
seen according to the GMFM. In the dimension 
of standing (D), the participant showed a 
3-point increase with improvements in one-leg 
balance, standing from high kneeling and stan-
ding to sitting on floor. A 7-point increase was 
seen in the dimension of walking, running and 
jumping (E) with improvements in stepping over 
stick, jumping, hopping and stair climbing. 

Post-intervention, the total PedsQL mean im-
proved, as did all four dimensions. The partici-
pant felt more able to be physically active, felt 
less pain and felt less tired. She experienced 
fewer negative emotions, felt more able to keep 
up with her peers and could concentrate more.
 
4. Discussion 
Overall, the participant showed improved 
walking speed, walking endurance, gross motor 
function and health-related quality of life after 
an intensive 5-week stationary cycling interven-
tion. Recently, Oeffinger et al. have established 
minimum clinically important differences 
(MCIDs) in outcome measures like GMFM, Ped-
sQL and gait parameters for ambulatory children 
with CP (24). When MCIDs are used in the inter-
pretation of the results in this case report, no 
MCID is reached in walking speed as measured 
with the 6MWT, whereas large MCIDs are rea-
ched in walking speed as measured by the 
10-Meter Walk Test. On short distances the parti-
cipant has obtained an observable increase in 
walking speed. However, the 6MWT is used as a 
measure of walking endurance, and even a small 
increase in walking speed has increased the di-
stance by almost 30 meters. This could be impor-
tant to the participant as she is now able to walk 
longer distances (e.g. to and from school, 2x3 km). 

Moreover, the participant showed a reduction in 
energy consumption during walking. By con-
trast, one study found that a resisted leg cycling 

programme only improved walking endurance 
and not walking speed in individuals with chro-
nic stroke (12). In the study by Sullivan et al., tre-
admill walking seemed most effective. This 
might be explained by the specificity of walking 
on a treadmill. Furthermore, the resisted leg cy-
cling may have targeted muscle endurance in 
particular. This may be seen from the fact that 
some of the participants in the study by Sullivan 
et al. reached the highest resistance level so 
that the number of repetitions had to be incre-
ased in order to progress the exercise. To impro-
ve walking speed, it is important to target mus-
cle strength (25). The improvements on the 
STST in this case report may indicate increased 
muscle strength in the lower limbs. 

The results from the GMFM yield an approxim-
ately medium MCID in dimension D, whereas a 
large MCID is reached in dimension E. Similarly, 
the study by Williams and Pountney found gross 
motor improvements after a 6-week static bicy-
cling programme in non-ambulant children with 
CP. They reported equal improvements in di-
mension D and E of GMFM (15). Items in dimen-
sion D involve static balance and transfers. The 
small improvements in dimension D in this case 
report may be explained by the fact that the cy-
clic intervention does not target static balance 
and postural control in an upright position. The 
improvements, however, seem meaningful to 
the participant as she is now able to complete 
some transfers with less or no support, using 
her arms. Finally, the improvements in the Ped-
sQL reach medium MCIDs in the dimensions of 
physical, emotional and social functioning. 

Furthermore, an intensive cycling intervention in 
a home setting seems feasible. The participant 
in this case report showed high compliance. She 
felt that she was able to participate in this kind 
of high intensity training and experienced physi-
cal gains. Before a home setting intervention is 
set up, it is important to consider family resour-
ces and time constraints (15) since the family 
may be needed to provide encouragement. The 
participant felt that she was able to work harder 
and with more discipline when supervised.
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This study is limited in design, it has no follow-up 
period, and the assessments are not blinded. 
Furthermore, no measures of range of motion 
(ROM), spasticity and muscle strength were per-
formed. The functional gains in walking endurance 
and speed may be explained by changes in ROM 
and muscle strength. However, this case report of-
fers some insight into the effectiveness of a stati-
onary cycling intervention on gait and function in 
an adolescent with CP.  Further RCT-studies inclu-

ding spatial and temporal gait parameters are re-
quired to accumulate evidence of the effective-
ness of cycling interventions in children with CP. 

In conclusion, an intensive stationary cycling 
programme could be a feasible and effective in-
tervention for children and adolescents with CP. 
In this case report, the participant showed im-
provements in gait and motor function. To verify 
these results, further research is needed.
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Abstract

Background
The majority of children with CP experience dif-
ficulty in walking, and through adolescence and 
adulthood, the gait function decreases further. 
The purpose of this case report has been to exa-
mine the effects of an intensive stationary cyc-
ling intervention on walking speed, walking 
endurance, gross motor function and health-re-
lated quality of life. 

Material and method
The participant was a 16-year-old girl with spa-
stic triplegic CP. The following outcome measu-
res were used: Six-Minute Walk Test (6MWT), 
10-Meter Walk Test, Energy Expenditure Index 
(EEI), Sit-To-Stand Test (STST), Gross Motor 
Function Measure (GMFM) and Pediatric Quality 
of Life (PedsQL). The intervention was condu-
cted in a home setting. A total of 19 sessions 

were completed in a 5-week period with 3-4 ses-
sions per week. Once a week, a physiotherapist 
observed the training. 

Results
The participant showed improvements on all 
outcome measures.

Discussion
The improvements yielded medium and large 
minimum clinically important differences in 
walking speed, GMFM, and PedsQL. An intensi-
ve stationary cycling programme could be a fe-
asible and effective intervention for children and 
adolescents with CP. Further research is needed 
to verify the results from this case report.

Key words: Cerebral palsy, stationary cycling in-
tervention, gait, motor function


