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A b s t r a c t 

The recovery of ambulation is an important focus of rehabilitation for both stroke sur-
vivors and their rehabilitation team. This study was conducted to compare the therapeutic 
efficacy of treadmill training and combination of bicycle ergometer & over ground walk 
training on functional ambulation (FA) post stroke. 

Fifteen stroke survivors participated in a 6-week, 2-group quasi-experimental study 
which was conducted at the Aminu Kano Teaching Hospital. Walking speed was used to 
rate FA of participants. Participants were randomly distributed into 2 groups: A (tread-
mill training) and B (bicycle ergometer and over ground walking training). The data was 
analysed with inferential statistics of Wilcoxon sign rank test and Mann-Whitney U test to 
determine within and between group differences in FA respectively.  

The mean age and baseline FA of the participants in group A was 47.78 ± 8.17 
years and 0.32±0.08 m/s while that of participants in group B was 46.9 ± 7.11 years 
and 0.34±0.15 m/s. There were a significant within group difference (pre versus 
post intervention) in the scores of FA in group A (p=0.018) and group B (p=0.043). 
There was however insignificant between group difference (treadmill versus bicycle 
ergometer and over ground walking) in FA at baseline (p>0.05) and post intervention 
periods (p>0.05). 

This study concluded that both treadmill training and combination of bicycle ergometer 
and over ground walking are effective in the retraining FA post stroke, however, combination 
of 2 task-oriented exercises did yield better recovery of FA than using treadmill training alone. 
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I n t r o d u c t i o n

Motor impairment is one major of consequences of having stroke that leads to 
impairment of functional ambulation, difficulty going out of the house and doing 
leisure activities [1]. A number of stroke survivors suffer significant decline in their 
ability to ambulate [2] and up to 14.6% were unable to walk independently in the 
community without any supervision [3]. Improvement in walking ability is one of 
the highest priorities for people living with stroke [4]. Independence in ambulation 
was also seen as a highly desired goal among stroke survivors and that is why it is 
being used as a yardstick for measuring functional recovery by both patients and 
their relatives [5]. Loss of independent ambulation, especially outdoors, has been 
described as one of the most disabling consequence of having a stroke [1].

 Studies have shown that task-oriented training increases ambulation capacity 
through improvement in spatio-temporal gait parameters, muscle strength, spe-
ed and gait endurance post stroke [6,7,8,9,10]. It has been opined that treadmill 
training may be an effective treatment for improving gait asymmetries post-stro-
ke [11,12]. Treadmill training improves functional mobility, cardiovascular fitness 
[13], stride length, cadence, distance walked and gait velocity [14]. Over-ground 
walking training with partial body weight support also improves spatio-temporal 
gait parameters of stroke patients [15]. It increases walking speed, endurance, 
and balance [16]. A study found that combined treadmill and over-ground wal-
king program was effective in improving functional ambulation after stroke [17]. 

Additionally, studies have also compared the effectiveness of treadmill training 
and over-ground walking exercise on functional ambulation recovery post stroke 
but up to date there is no consensus on which of the two treatment protocols is the 
most effective. For instance, it was reported that over-ground walking was more 
effective in improving gait endurance than treadmill training [16]. Over-ground wal-
king also produced higher muscle activity and activated several muscles during gait 
cycle compared with robot-assisted treadmill walking [11]. A study found however 
that treadmill training was effective in improving functional ambulation and per-
ception of walking than over-ground walking [18]. Other studies reported that the 
two treatment programs are likely to produce similar therapeutic effects on func-
tional ambulation [19,20]. It is, therefore, not clear based on the available literature 
which of the two is the best form of training technique. 

It is a common practice in most physiotherapy departments in Nigeria that gait 
retraining is usually done using combinations of different task-oriented training pro-
grams. But it is never known whether combining 2 different task-oriented exercises 
will yield better recovery of functional ambulation than practising only one. It was 
hypothesized that individuals that received combined task-oriented programs (bicyc-
le ergometer and over-ground walking) would not be better than those who received 
only treadmill training in their functional ambulation recovery.
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M e t h o d o l o g y  

A total of 15 consenting participants were recruited in this study using pur-
posive sampling technique. Between group quasi-experimental research design 
was used for the study. The population involved stroke survivors attending 
outpatient physiotherapy clinic in Aminu Kano Teaching Hospital (AKTH). 
Eligible subjects fulfilled the following inclusion criteria: ability to walk a mi-
nimum of 10 meters with or without little physical assistance from a therapist 
or walking aid. Subjects were excluded if they had severe cognitive deficits. Inabi-
lity to comprehend verbal instruction or to communicate (aphasia) and severe joint 
disorders (e.g. osteoarthritis) and comorbid obesity that restricts walking function.  

D a t a  c o l l e c t i o n  p r o c e d u r e 

Ethical approval was sought from ethical committees of AKTH. Following ap-
proval, consent of each subject was sought and obtained before participation. The 
subjects were screened for eligibility. Participants were randomised into group A (tre-
admill training) and group B (bicycle ergometer and over-ground walking) using sim-
ple random sampling. The participants were educated on the treatment protocols 
involved in the study. They were advised to wear comfortable clothing conducive 
to performing dynamic exercises. Blood pressure was measured before the exercise 
to ensure that participants are not having high blood pressures pre exercise. 

T r e a d m i l l  t r a i n i n g  g r o u p

The participants in group A walk on treadmill (Bonte Technology BV, Zwolle, 
Netherlands) at a comfortable treadmill speed. Each participant was treated twi-
ce weekly for 6 weeks. The treatment session lasted 6 minutes per session 
in weeks 1-2. The participants, were asked to walk for maximum of eight minutes 
in weeks 3-4.  Finally they were asked to walk for 10 minutes in weeks 5-6.  Par-
ticipant who wished to have some rest were allowed to do so for maximum of 
2 minutes after which they were asked to continue the training. But rest period 
was not a part of the total training time.   

C o m b i n e d  O v e r - G r o u n d  W a l k i n g  a n d  B i c y c l e 
E r g o m e t e r  G r o u p

Participants in group B were asked to do over-ground walk to and from on 
a 20-meter pathway at a comfortable walking speed for 6 minutes every treatment 
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session conducted twice weekly for 6 weeks. Rest periods were allowed in be-
tween as might be required by a participant but the rest periods were not calcu-
lated as part of the total time for the over-ground training. 

The participants in Group B also trained on bicycle ergometer (body guard 
ergocycle 955, Norway). The seat was adjusted to a comfortable height (with knee 
slightly bent at lowest pedal position). The weak lower limb was strapped to the 
bicycle ergometer pedal for comfort and to avoid sliding away of the participant’s 
foot. The participants were then instructed to ride the bicycle ergometer at com-
fortable pedalling speed. The participants were treated twice weekly for 6 weeks. 
The participants were allowed to rest as the need arose. The resting period was 
not a part of the total training time.

To t a l  t i m e  o f  t r a i n i n g  f o r  g r o u p  B

Week 1-2 = 12 minutes (6 minutes bicycling + 6 minutes over-ground walking).
Weeks 3-4 = 14 minutes (8 minutes bicycling + 6 minutes over-ground walking).
Weeks 5-6=16 minutes (10 minutes bicycling + 6 minutes over-ground walking).

O u t c o m e  a s s e s s m e n t

Improvement of walking speed was used to rate functional ambulation 
performance among the participants. The baseline walking speed was asses-
sed at the commencement of training. Participants were asked to walk at a com-
fortable walking speed to cover the 10-meter distance. The time taken to 
cover 10 meters was then recorded using a stopwatch. Walking speed was 
calculated as the distance covered per unit of time in meters per second. The 
post-intervention walking speed was measured the same way as the baseline 
measurement described above. 

D a t a  a n a l y s i s  p r o c e d u r e

Due to small sample size in both groups (8 and 7 respectively) non-parame-
tric statistics were used. Also speed data for the combined bicycle ergometer and 
over-ground walking group was not normally distributed. Wilcoxon sign rank 
test was used to find within-group differences in walking speed. Between-group 
differences in walking speed, duration of stroke and age, were assessed with 
Mann-Whitney U test. Level of significance was set at 0.05.  All calculations were 
conducted using SPSS version 16 on window software.
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R e s u l t s

Twenty three participants were initially recruited for this study, but only 
15 participants completed the study. Group A consisted of 8 participants, 5 males 
(62.5%) and 3 females (37.5%). Group B consisted of seven participants, 4 males 
(57.1%) and 3 females (42.9%). Majority of the females in both groups were ho-
use wives and the average duration of stroke for both groups was 9 months as 
presented in table 1. Participants in the treadmill group had average speed of 
0.32±0.08m/s and 0.37±0.10 m/s at baseline and post intervention, respectively. 
Participants in the combined over-ground walking and bicycle exercise group re-
corded average walking speed of 0.34±0.15 m/s and 0.40±0.23 m/s before and 
after intervention, respectively, as presented in table 2.

There was significant improvement in functional ambulation in the tre-
admill group (p<0.05) and in the combined over-ground walk and bicycle 
ergometer groups (p<0.05) with post intervention score being significantly 
greater than pre intervention score in both groups (table 3). Finally, there 
was no significant difference in functional ambulation across the 2 group both 
at baseline (p>0.05) and at post intervention periods (p>0.05) implying that 
combination of over-ground walk and bicycle ergometer is not better than 
the treadmill (table 4).

Table 1. Demographic characteristics of participants 

KEY: n=number of participants, SD=Standard Deviation, %=percent

VARIABLES FREQUENCY

Age (years) Range (Mean ± SD)
Group A 30-56 (45.40 ± 10.16)
Group B 25-55 (41.57 ± 11.21)

Duration of stroke (months)
Group A 7-13 (9.38 ± 2.35)
Group B  5-18 (9.14 ± 4.49)

Occupation n (%)
Group A
Housewife) 3 (37.5)
Civil servant 2 (25.0)
Trader 2 (25.0) 
Student  1 (12.5)
Group B
Housewife  3 (37.5)
Civil servant   2 (25.0)
Trader 2 (25.0) 
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Table 2. Functional ambulation (walking speed) of participants at pre- and post- 
intervention periods

Variables Mean ± S.D. 
(m/s) n Kolmogorov-Smirnov

P-value
Shapiro-Wilk
P-value

Pre-treatment
Treadmill training group  0.32±0.08 8 0.20* 0.92*

Post-treatment
Treadmill training group 0.37±.10 8 0.20* 0.38*

Pre-treatment
Combine over-ground walk 
and bicycle training group 

0.34±0.15 7 0.01 0.02

Post-treatment
Combine over-ground walk 
and bicycle training group

0.40±0.23 7 0.00 0.001

*normally distributed, N=frequency, S.D=Standard Deviation, m/s=meters per second

Table 3. Within group comparisons of pre and post-intervention scores of func-
tional ambulation (walking speed) using wilcoxon sign rank test 

Variable Speed Mean rank Sum of ranks Z P-value

Treadmill group
Pre-intervention

4.00a 28.00a -2.37 p=0.018*
Post-intervention

Combine over-
ground walk 
and bicycle 
training group

Pre-intervention
3.00a 15.00 a -2.02 p=0.043*

Post-intervention

a=positive rank (post intervention score is greater that pre intervention score), 
*=significant

Table 4. Comparisons of pre- and post-intervention scores of functional ambula-
tion (walking speed) across groups using Mann-Whitney U 

Variables Intervention N Mean Rank U-Value P-Value

Baseline
Treadmill group 8 8.25

26.00 0.82Combine over-ground walk and 
bicycle training group 7 7.71

Post-
intervention

Treadmill group 8 8.44
24.50 0.68Combine over-ground walk and 

bicycle training group 7 7.50

Age 
Treadmill group 8 8.56

23.50 0.60Combine over-ground walk and 
bicycle training group 7 7.36

Duration of 
stroke

Treadmill group 8 8.75
22.00 0.482Combine over-ground walk and 

bicycle training group 7 7.14
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D i s c u s s i o n

The recovery of walking ability is an important focus of rehabilitation both 
for individual who have experienced a stroke and their rehabilitation team. This 
study investigated the effect of number of task-oriented exercises on functional 
ambulation recovery after stroke. 

In this study treadmill training significantly improved functional ambulation 
recovery post stroke. This implies that treadmill training is a reliable rehabilitation 
protocol that can specifically improve functional mobility (walking speed). This re-
sult was in agreement with the findings of previous studies. A study reported that 
in chronic stroke patients, treadmill walking was associated with increase in wal-
king speed and quality [21]. Another study reported that treadmill exercise impro-
ves functional mobility in patients with chronic stroke [13]. In-line with the findings 
of this study, treadmill training was found to improve walking speed and gait endu-
rance [16]. It also leads to recovery of gait and balance in stroke patients [16,22].

In addition, this study found that combined task-oriented exercises (over-
ground walking and bicycle ergometer) significantly improved functional ambu-
lation (walking speed) post stroke. This implies that combination of two task-
oriented trainings is beneficial for the improvement of walking ability of stroke 
patients. This finding was in-line with that of Tang et al. [24] in which addition of 
cycle ergometer training to conventional rehabilitation leads to improvement 
in aerobic and walking capacities post intervention. It was similarly reported that 
addition of cycle ergometer exercise to conventional exercise effectively incre-
ased balance and gait abilities of chronic stroke patients [23]. Furthermore, 
the possible similarity between the finding in this study and those of Tang et al. 
[24] and  Kim et al. [23] is that most conventional physiotherapy exercises for 
stroke patients usually include over-ground walking training. 

This study found that there is no significant difference in functional ambu-
lation between treadmill group and combined task-oriented training group post 
intervention. The implication of this finding is that performing combination of two 
task-oriented exercises may not result in better recovery of walking function than 
performing only one. It further implies that treadmill training is comparable 
to combination of over-ground walking and bicycle ergometer training in the im-
provement of functional ambulation post-stroke. Hence combination of over-gro-
und walk and bicycle ergometer training is not superior to treadmill training for 
the improvement of walking function post stroke. In-line with the outcome of this 
study, it has been reported in another study that there was no significant diffe-
rence in gait and balance between treadmill group and bicycle ergometer group [22]. 
Also, it was observed that program of varied over-ground walking was not superior 
to body weight supported treadmill training for the improvement of gait speed [20].
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C o n c l u s i o n 

Both treadmill training and combination of over-ground walk and bicycle er-
gometer training lead to significant improvement of functional ambulation post 
stroke. Practice of combined task-oriented programs (bicycle ergometer and 
over-ground walking) is not better than training on treadmill for functional am-
bulation recovery. Effectiveness of each task-oriented exercise should be consi-
dered and not the combination of exercises when planning functional ambulation 
training for stroke survivors.
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