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Abstract 
We describe the effects of an exercise programme based on the American 
Heart Association and American Stroke Association guidelines for stroke pa-
tients on gait mechanics in a patient with severe gait disorder due to chronic 
ischaemic stroke. A 74-year-old female patient, with right hemiparesis as a 
result of a stroke attack before 18 months followed an 8-week exercise pro-
gramme, consisting of three hourly sessions per week. Patient’s gait mechan-
ics were evaluated before and after the intervention using a three-dimensional 
gait analysis system, with six infrared cameras, two force plates, and an elec-
tronic timing system. Exercise led to increase of spatial and decrease of tem-
poral gait parameters, increase of joint range of motion and lower limb mus-
cle powers during the entire gait cycle and increase of the moments in the 
support phase. In conclusion, exercise had a positive effect on this patient’s 
gait pattern and improved her functionality. 
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1. Introduction 

Stroke is the most common cause of serious long-term disability [1]. Although 
the rate of neurological recovery is rapid in the first 4 weeks after the stroke [2], 
functionality improvement seems to extend beyond this period, possibly through 
the development of compensatory strategies against neurological deficits [3]. 
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However, patients often adopt a sedentary lifestyle that leads to dependence on 
other people, but also to increased risk of falls and recurrence of stroke [4], or 
other cardiovascular events [5] [6]. In particular, patients after stroke are sig-
nificantly less physically active in comparison with the elderly who suffer from 
chronic musculoskeletal diseases or other cardiovascular diseases [7] [8] [9] [10]. 
A sedentary lifestyle exacerbates further their cardiovascular function and the 
already impaired functional capacity [11] [12]. Furthermore, it leads to increased 
fatigue, muscle atrophy and weakness, osteoporosis and impaired circulation in 
the lower limbs. Finally, the greater dependence of patients with stroke on others 
for daily activities and their impaired ability for usual social activities can have 
serious negative psychological effects [13]. 

In 2014, the American Heart Association and American Stroke Association 
(AHA/ASΑ) published the revised recommendations on exercise in patients 
with stroke [14]. Nevertheless, to the best of our knowledge, there is no data 
concerning the effect of the above exercise programme on patients’ gait pattern. 
Importantly, gait pattern affects muscle and joint loads during movement and 
thus on the long-term function of the skeletal system [15] [16] [17]. We herein 
describe the effect of an exercise programme based on these recommendations 
on gait mechanics in a patient with severe gait disorder resulting from an ischae-
mic stroke in the chronic phase of rehabilitation. 

2. Case Description 

A 74-year old female patient, with right hemiparesis as a result of a stroke attack 
before 18 months followed an exercise programme Patient’s characteristics were 
summarized in Table 1. She was selected from the hospital discharge registry of 
the General Hospital of Komotini, based on the diagnosis at discharge “Stroke” 
12 - 18 months before the search, which was performed as part of another study, 
aiming to evaluate the effect of a group exercise programme on the gait me-
chanics in patients with chronic stroke. Other inclusion criteria in the above 
study were the ability to walk without the aid of assistive or orthotic devices, the 
ability to understand and follow simple instructions, free medical history con-
cerning musculoskeletal, other neuromuscular or serious cardiovascular dis-
eases, and good vision. The said patient was excluded from the group exercise 
programme because she had serious gait disorder and she was dependent on 
crutches. Therefore, it was decided to study her independently of the other sam-
ple. Previously, she had followed a rehabilitation programme (10 home physio-
therapy sessions per month) during the first 6 months after the stroke, i.e. the 
time period provided by the insurance fund, but then she had remained isolated 
in her house. 

 
Table 1. Patient’s characteristics (NIHSS: National Institutes of Health Scale, mRS: modi-
fied Rankin Scale). 

Height (cm) Weight (Kg) mRS Barthel Index NIHSS 

143 68 4 80 6 
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2.1. Intervention 

The patient followed an exercise programme including strength, endurance and 
flexibility training, as well as neuromuscular activities [14]. The duration of the 
programme was 2 months with 3 hourly sessions per week. Each session started 
with warming-up for 5 to 10 minutes, with low-intensity aerobic exercises, and 
stretching exercises. Then the main part was taking place, consisting of : 1) neu-
romuscular coordination exercises twice a week for 20 minutes; 2) strength exer-
cises 2 days per week; 3) moderate-intensity aerobic exercise 3 times per week 
for about 30 minutes; and 4) flexibility exercises twice a week. Finally, cooling 
down was performed with low-intensity aerobic exercises and stretching exer-
cises for five minutes. Both the intensity and the main principles of exercise were 
determined according to the guidelines of the American College of Sports Medi-
cine (ACSM) [18]. 

2.2. Assessment 

Patient’s gait mechanics were evaluated before and after the intervention using a 
three-dimensional gait analysis system, with six infrared cameras, two force plates, 
and an electronic timing system. Detailed description of the equipment and mea-
surement process is presented elsewhere [19]. 

2.3. Efficacy: Spatiotemporal Parameters 

Table 2 presents the means of the spatiotemporal gait parameters for both lower 
limbs, with and without paresis, according to the measurements before and after 
the intervention, as well as the % difference between the initial and final meas-
urement. Increase of the spatial parameters (stride and step length) and decrease 
of the temporal parameters (stride and step duration, single and double support 
duration) were observed on both lower limbs. Gait velocity increased by 328%. 

 
Table 2. Spatiotemporal gait parameters of the lower limbs before (pre) and after (post) 
exercise, and % difference (% diff.). Frequency is measured in steps/minute, step stride 
durations, (single sup.) and double support (double sup.) in seconds, stride and step 
length in meters and velocity in meters/second. 

 

Non paretic leg 
p 

Paretic leg 
p 

Pre Post % diff. Pre Post % diff. 

Cadence 40.08 87.84 119.14 0.000 44.48 85.54 92.33 0.001 

Stride time 3.05 1.37 55.08 0.001 2.83 1.41 50.18 0.008 

Step time 1.70 0.69 59.41 0.000 1.49 0.68 54.48 0.002 

Single sup. 0.52 0.43 16.67 0.441 0.20 0.41 104.95 0.083 

Double sup. 2.23 0.54 75.61 0.003 1.51 0.56 62.55 0.205 

Stride length 0.33 0.68 104.97 0.000 0.36 0.71 98.20 0.000 

Step length 0.10 0.32 208.56 0.000 0.23 0.36 54.51 0.002 

Velocity 0.12 0.49 328.19 0.000 0.12 0.51 328.86 0.000 
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2.4. Efficacy: Kinematic and Kinetic Parameters 

Figure 1 and Figure 2 present kinematic and kinetic parameters of the 5 gait cy-
cles before and after the intervention. Before the intervention, severe impair-
ment of the gait pattern was observed. After the completion of the exercise pro-
gramme, the waveforms of all parameters approached the typical pattern. As re-
gards kinematic parameters increased range of motion (ROM) was observed in 
the joints of the hips, knees and ankles in the anterior-posterior plane in both 
lower limbs. In addition, faster initiation of triple joint flexion in the lower limbs 
(hip-knee-ankle dorsiflexion) was observed during the swing phase (immedi-
ately after 60% of gait cycle). These changes were correlated with remarkable in-
crease in muscle powers in the lower limbs from the three joints at the ante-
rior-posterior plane throughout the gait cycle. Moreover, improved waveforms 
of the moments were observed, mainly during the support phase. Improved 
waveforms were also observed in the frontal and transverse planes, in all the pa-
rameters studied. 

 

 
Figure 1. Gait kinematic parameters graphs from five gait cycles before the intervention (continuous lines) and five gait cycles 
after eight weeks of exercise (dashed lines). The first 5 graphs (two upper lines) concern the paretic lower limb and the next five 
(two lower lines) the non-paretic lower limb. 
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Figure 2. Gait kinetic parameters graphs (moments-powers) from five gait cycles before the intervention (continuous lines) and 
five gait cycles after 8 weeks of exercise (dashed lines). The first eight graphs (2 upper lines) concern the paretic lower limb and 
the next eight (2 lower lines) the non-paretic lower limb. 

3. Discussion 
3.1. Spatiotemporal Parameters 

The parameter showing the most pronounced change was gait velocity. Gait ve-
locity plays a crucial role in human functionality. For a pedestrian to move around 
in the city, to cross the road, for example, gait speed must be from 1.1 to 1.5 m 
per sec [20] [21]. The patient’s final gait velocity was approximately 0.5 m per 
sec, which is still much lower. Nevertheless, the initial value of her gait was only 
0.12 m per sec, and her improvement ensured her autonomy for domestic activi-
ties. Indeed, the modified Rankin Scale after the completion of the intervention 
decreased to 3. Moreover, the above changes were achieved after only eight 
weeks of intervention. An extension of the intervention programme could lead 
to further increases in gait velocity. 

Moreover, temporal gait parameters improved, consistent with the observa-
tions of Onley and Richards [22] on the spatiotemporal gait parameters in stroke 
patients, which are attributed to muscle weakness. Therefore, the improved spa-
tiotemporal gait parameters suggest her muscle strength improvement. 

Another improvement was the increase of the spatial gait parameters, attrib-
utable to improved balance. Indeed, Espy et al. [23] observed that the elderly 
adopt a gait pattern characterised by slow velocity and small step length to allow 
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better balance, but this slow gait velocity actually facilitates imbalance, which is 
simply compensated by smaller step length. Moreover, Teixeira-Salmela et al. 
reported that the reduced gait velocity, reduced length of stride and increased 
duration of double support are mainly related to the fear of falling and not the 
actual risk of falling [24]. 

3.2. Kinematic Parameters 

The increase of joint ROM at the anterior-posterior plane could be attributed to 
the reduction of spasticity of the extensor muscles and/or to the improvement of 
flexor muscle strength. An alternative explanation is improved balance. The lat-
ter may have rendered the patient more confident, without the need to keep the 
lower limb close to the floor through an incomplete triple flexion during the 
swing phase, so as to react promptly in case of imbalance. Thus, released from 
the fear of falling, she could achieve more effective triple flexion [22]. 

3.3. Kinetic Parameters 

The patient achieved increased moments during the support phase, probably 
due to her increased strength [22]. Increased gait velocity explains the power 
waveform improvement in all 3 joints bilaterally [25]. 

In conclusion, the exercise programme that was based on AHA/ASA guide-
lines had a positive effect on this patient’s gait pattern. There was an increase in 
spatial and decrease in temporal gait parameters, increase in joint ROM and 
lower limb muscle powers during the entire gait cycle and increase in the mo-
ments during the support phase. These findings are indicative of the effective-
ness of the above exercise programme on the gait pattern of patients with 
chronic stroke. A study on the effects of exercise in more patients with different 
levels of disability and during different rehabilitation phases will allow drawing 
safe conclusion and generalise the findings. 
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