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Objective: To evaluate the effectiveness of repetitive locomo-
tor training using a newly developed electromechanical gait 
device compared with treadmill training/gait training with 
respect to patient’s ambulatory motor outcome, necessary 
personnel resources, and discomfort experienced by thera-
pists and patients. 
Methods: Randomized, controlled, cross-over trial. Sixteen 
non-ambulatory patients after stroke, severe brain or spinal 
cord injury sequentially received 2 kinds of gait training. 
Study intervention A: 20 treatments of locomotor training 
with an electromechanical gait device; control intervention 
B: 20 treatments of locomotor training with treadmill or 
task-oriented gait training. The primary variable was walk-
ing ability (Functional Ambulation Category). Secondary 
variables included gait velocity, Motricity-Index, Rivermead-
Mobility-Index, number of therapists needed, and discom-
fort and effort of patients and therapists during training.
Results: Gait ability and the other motor outcome related 
parameters improved for all patients, but without significant 
difference between intervention types. However, during in-
tervention A, significantly fewer therapists were needed, and 
they reported less discomfort and a lower level of effort dur-
ing training sessions. 
Conclusion: Locomotor training with or without an electro-
mechanical gait trainer leads to improved gait ability; how-
ever, using the electromechanical gait trainer requires less 
therapeutic assistance, and therapist discomfort is reduced. 
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INTRODUCTION

Restoration of walking ability is a major goal in the rehabilita-
tion of patients with acquired brain damage and after spinal 
cord injury. Accordingly, the primary goal of therapeutic efforts 
should be to restore independent walking ability.

Insights into the mechanisms of brain plasticity, recovery, 
and learning have led to the development of new and (at least 
for a subgroup of conditions) potentially more effective train-

ing concepts that rely largely on the principles of repetition and 
massed practice (1). Such training-based interventions have 
been reported to achieve good clinical results (2–5).

The therapeutic intervention is goal-directed, meaning that 
training content is the task itself. Task-oriented training re-
gimes are based on fundamental principles of motor learning 
(6) and are thought to involve mechanisms of central neuro-
plasticity (7) leading to cortical reorganization (8, 9).

During the last 2 decades, the promising treatment option of 
treadmill training with or without partial body weight support has 
been introduced in rehabilitation approaches for neurologically 
impaired patients. Treadmill training allows repetitive practice of 
complex gait cycles. As such, it encompasses the 2 crucial aspects 
of task-specificity and repetition (10, 11). However, a disadvan-
tage of treadmill training concerns the number of physiotherapists 
needed to set the patient’s paretic limbs and control weight shift. 
In addition, therapists must expend high levels of physical effort in 
assisting severely handicapped patients and often complain about 
exhaustion or physical strain. The duration of therapy sessions 
is therefore limited. Systematic correction of a patient’s weight 
shift and stride length is often not possible. Hence, as Kosak & 
Reding (12) have pointed out, therapists prefer to use task-oriented 
walking on the floor (with ankle-knee bracing) instead of treadmill 
training. To overcome these shortcomings, electromechanical-
assisted and robotic-assisted gait training devices, such as the 
gait trainer (GT1) (13) or Lokomat (14), have been developed 
recently and used in neurological rehabilitation. 

The LokoHelp (LokoHelp Group Germany) is another newly 
developed electromechanical device for improving gait after 
brain injury. This device is placed on a treadmill and can 
easily be installed and removed. Although the application of 
this new gait training device seems promising and has been 
shown to be feasible (15), its efficacy has not been evaluated 
in a randomized, controlled trial.

The aim of our study was therefore to compare the effects of 
2 forms of task-oriented gait training with respect to patient’s 
walking ability as well as the number of therapists and the 
level of therapeutic effort needed to conduct the respective 
types of training. 

METHODS
This prospective randomized controlled trial was approved by the 
hospital’s ethics committee, and all participants or their legal repre-
sentatives gave their written informed consent. 
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Subjects
Participating patients demonstrated a hemi- or tetra-paresis as a 
result of brain injury, stroke, or spinal cord injury. All patients met 
the following inclusion criteria: (i) unable to walk independently 
(Functional Ambulation Category (FAC) score 2 or less (16), i.e. the 
patient could not walk at all or required the help of 1 or 2 therapists, 
irrespective of the use of a walking aid); (ii) able to sit; (iii) able to 
participate in 1 h of physiotherapy, and (iv) able to understand and 
follow instructions. Due to the study protocol, the expected length 
of inpatient rehabilitation had to be longer than 10 weeks. Exclusion 
criteria were a restricted passive range of motion in the hip or knee 
joints > 20° and/or instabilities (instable fractures, joint injuries) of 
the lower extremities. 

Eligible patients were recruited between October 2006 and March 
2007. The interval between onset of the impairment and the onset of the 
study treatment protocol was between 1 and 180 months. Participating 
patients’ ages ranged from 11 to 38 years. All participants were inpa-
tients for the entire duration of the clinical trial. All recruited patients 
finished the study programme and completed interventions A and B. 

Randomization
Corresponding to the cross-over design of the study, the type of the first 
intervention to be administered to each patient was determined by a 
paired randomization process (Fig. 1). For every 2 patients sequentially 
recruited for the study, a lot was drawn (by a person not involved in 
screening, testing, or treatment of the participants) indicating whether 
the patient should begin with intervention A or B. 

Study protocol 
In addition to the normal comprehensive rehabilitation programme, 
2 kinds of locomotor training interventions (A and B) were applied. 
During intervention A, patients received a total of 20 treatments of 
repetitive locomotor training with the electromechanical gait device 
(duration 30 min, excluding 15 min preparation time). Treatment ses-
sions took place 3–5 times a week and had to be completed within 6 
weeks. During intervention B, patients received a total of 20 treatments 
on the treadmill or practiced walking on the floor (duration 30 min, 
excluding 15 min preparation time). Treatment sessions took place 3–5 
times a week and had to be completed within 6 weeks. After finishing 
intervention A, patients receive treatments according to intervention 
B and vice versa (cross-over design, Fig. 1). Participants continued 
to participate in the standard rehabilitation therapy sessions during 

intervention A and B. For each patient, measurements of the study 
variables took place before any interventions were initiated, and after 
the first and second interventions, respectively.

Description of intervention A
The therapy for intervention A consisted of walking training with the 
electromechanical gait device (LokoHelp). The LokoHelp device is 
fixed onto the band of a motor-driven treadmill and transmits the 
treadmill movement to levers positioned on both sides of the device. 
Simulation of gait is achieved by the track of the levers, which imitate 
the stance and swing phases in a sequentially accurate manner (Fig. 
2). Velocity can be set individually from 0 to 2.5 km/h. Step length is 
fixed at 400 mm. The patient is secured with a harness that supports 
body weight. Each lower leg is set into an orthosis, which maintains 
the ankle joint at a 90° angle. The orthoses are then attached to the side 
levers (Fig. 2). The movements of the centre of mass are controlled by 
ropes attached to the side and front bars, which the patient may grasp. 
Physical assistance (e.g. for the control of the knee or hip extension in 
the stance phase) was provided according to individual needs. 

Description of intervention B
Therapy consisted of either motor-driven treadmill training or walking 
practice on the floor. During treadmill training, the patient was secured 
with a harness that provides body weight support. The movements of 
the centre of mass were controlled by ropes attached to the side and 
front bars, which the patient could grasp. Treadmill speed could be 
varied from 0 to 5 km/h. Physical assistance (e.g. to set the limbs or to 
help the patient to extend the trunk or shift weight) was administered 
according to individual needs. If necessary, a second therapist was 
available to provide assistance.

The training sessions for interventions A and B were conducted at a 
demanding level. The velocity of the treadmill was set to a maximum 
speed tolerated by the patients. Therapists motivated patients to ac-
tively move the legs and to bear weight. The initial body weight support 
ranged from 10% to 30%, which was reduced as soon as possible.

Therapists administering the treatment had to complete a form after 
each therapy session, thereby providing information about the total 
distance walked, body-weight support, number of therapists needed for 
the treatment, and strain and complaints of patients and therapists.

Measurements
Primary outcome variable.
•	 Gait ability was assessed according to the FAC, a reliable and valid 

instrument for assessing gait ability (16). Six categories (0–5) 
distinguish the level of physical support needed while walking, ir-
respective of technical aids used. Level 0 describes a patient who is 

Fig. 2. Patient engaged in treadmill training with the Lokohelp device.Fig. 1. CONSORT flow diagram. 
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unable to walk or who requires the assistance of 2 or more people. 
At level 1, a patient needs continuous support from one person in 
order to carry weight or control balance. At level 2, a patient needs 
intermittent physical support, and at level 3, a patient needs only 
verbal support. Level 4 indicates that a patient is able to walk on 
even surfaces without help, and level 5 means that a patient can 
walk independently everywhere, including stairs. 

Secondary outcome variables
•	 The number of therapy sessions requiring a second therapist was 

documented for interventions A and B, respectively, according to 
treatment protocol.

•	 Walking velocity was assessed by measuring the time a patient took 
to walk a distance of 10 m (if the patient was able to perform the 
task) (17).

•	 Lower limb motor power was assessed by the Motricity Index (MI) 
leg score. The MI (score values range from 1 to 100) assesses the 
motor power of the affected lower limb. Ankle dorsiflexion, knee 
extension, and hip flexion of the affected limb or limbs are rated. 
Because some subjects were diplegic, we added the MI for both legs 
to achieve a sum score of 2–200 (18).

•	 The patient’s activity level was assessed by the Rivermead Mobility 
Index (RMI, score range from 0 to 15). This instrument includes 15 
mobility-related items, from turning over in bed to running. Items 
are assigned a value of 0 (unable to perform activity) or 1 (able to 
perform activity) (19).

•	 Posture control and balance were assessed using the Berg Balance 
Scale (BBS), which consists of 14 items. Items test an individual’s 
ability to maintain positions or perform movements of increasing 
difficulty by diminishing the base of support from sitting, standing 
on 2 legs, and standing on 1 leg. The total score ranges from 0 to 
56 points (20).

•	 The Modified Ashworth Scale (MAS) was used to document resist-
ance to passive movement and hence, muscle tone. Resistance is rated 
from 0 = no resistance to 5 = maximal resistance to passive movement. 
The MAS was used to assess resistance to passive movements in the 
ankle, knee, and hip joints of both lower limbs. The results for each 
limb were added (i.e. maximal score for both limbs = 30) (21).

•	 Distance walked during training sessions was also documented. The 
mean walking distances achieved during interventions A and B were 
calculated according to treatment protocols.

•	 Discomfort of patients and therapists was assessed. The total number 
of therapy sessions in which complaints were made by either the 
patient or therapist during interventions A and B were documented 
according to treatment protocols. 

•	 Physical stress of patients and therapists was assessed according to 
treatment protocols. Physical stress during interventions A and B 
was categorized. For statistical evaluation, dichotomous sum scores 
(exhausting/high vs moderate/low) were calculated. 
The measured parameters were evaluated by trained therapists 

not involved in the study before and after each treatment phase. The 
therapists were blind to the intervention phase. 

Statistical analysis
The patients’ characteristics were first summarized with descrip-
tive statistics. Differences between groups and interventions A 
and B were analysed with Fisher’s exact tests for frequencies and 
Wilcoxon signed-rank test, which is a non-parametric alternative to 
the dependent t-test for continuous variables (22). We applied non-
parametric statistics because a normal distribution was not achieved, 
as checked visually (Q-Q plots and histograms) and statistically with 
Kolmogorow-Smirnov Tests a priori. Fisher’s exact tests were used 
for frequencies because of their known independence on large-sample 
distribution assumptions and their appropriateness for sparse tables 
(22). The alpha level was set as 0.05 for all comparisons. SAS/STAT® 
software package 9.1.3 (SAS Institute Inc., Cary, NC, USA, 2006) was 
used for all calculations. 

RESULTS

A total of 16 patients were included in our study. All of them 
completed both interventions, and no patient dropped out of 
the study. Patient characteristics are shown in Table I. 

Gait ability improved for all patients, but did not differ sig-
nificantly between groups (as shown in Table II, FAC improve-
ment after intervention A: mean 0.9 (SD 1.4), median 0 (IQR 
2.0); after intervention B: mean 0.5 (SD 1.0), median 0 (IQR 
1.0); p = 0.155). Walking velocity, RMI, MI, BBS and MAS 
scores also did not differ significantly between interventions A 
and B (Table II). However, as shown in Table II, the distance 
walked during training sessions was significantly higher during 
intervention A, mean 553 m (SD 116), than during intervention 
B, mean: 400 m (SD 245), p = 0.009. We were unable to find 
statistical evidence for any period or carry-over effects. 

The number of therapists needed for therapy sessions was 
significantly lower during intervention A. As shown in Table II,  

Table I. Patient characteristics

Group AB
n = 8

Group BA
n = 8 p-value*

Age, years, mean (SD) 22.4 (6.0) 25.8 (6.1) 0.41
Female, n 3 2 1.000
Duration of illness, months, mean (SD) 16 (15) 56 (69) 0.225
Diagnosis, TBI/stroke/SCI 6/1/1 6/1/1 1.000
FAC at baseline
Mean (SD) 0.5 (0.8) 1.0 (0.9) 0.296
Median (IQR) 0.0 (1.0) 1.0 (0.9)

RMI at baseline, median (IQR) 3.3 (1.9) 4.1 (2.7) 0.624
BBS at baseline, median (IQR) 9.5 (12.7) 12.8 (12.5) 0.308

*p-values determined by Wilcoxon rank-sum test for continuous variables 
and by the Fisher’s exact tests for frequencies. 
SD: standard deviation; TBI: traumatic brain injury; SCI: spinal cord 
injury; FAC: Functional Ambulation Classification; IQR: interquartile 
range; RMI; Rivermead Mobility Index; BBS: Berg Balance Scale.

Table II. Results by intervention (A or B) 

Intervention

Variable A B p-value*

FAC
Mean (SD) 0.9 (1.4) 0.5 (1.0) 0.155
Median (IQR) 0.0 (2.0) 0.0 (1.0)

Walking velocity, m/sec, mean (SD) 0.2 (0.2) 0.2 (0.4) 0.624
MI, sum score, mean (SD) 9.1 (15) 10.8 (17.9) 0.167
RMI, points, mean (SD) 0.9 (1.5) 1.4 (1.8) 0.677
BBS, points, mean (SD) 3.9 (6.6) 4.6 (7.8) 0.717
MAS, sum score
Mean (SD) 0.5 (2.4) –0.3 (1.0) 0.011
Median (IQR) 0.0 (0.0) 0.0 (1.0)

Distance (m) walked during 
training, mean (SD) 553 (116) 400 (245) 0.009
Second therapists needed for 
training session, times, n 0 80 < 0.001

*p-values determined by Wilcoxon signed-rank test for continuous 
variables and by the Fisher’s exact tests for frequencies.
IQR: interquartile range; SD: standard deviation; FAC: Functional 
Ambulation Classification; MI: Motricity Index; RMI: Rivermead Mobility 
Index; BBS: Berg Balance Scale; MAS: Modified Ashworth Scale.
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a second therapist was never needed for the 320 treatment  
sessions conducted during intervention A. In contrast, a second  
therapist was needed in 80 of the 320 treatment sessions con-
ducted during intervention B (p < 0.001).

Patient discomfort was slightly, but not significantly, higher 
during intervention A, and patient effort was slightly but not 
significantly lower during intervention A. Therapist discom-
fort and physical effort during the training sessions were 
significantly lower during intervention A (as shown in Table 
III). Therapists’ efforts were significantly higher, and they 
complained significantly more often in the first phase of treat-
ment than in the second (phase effect). Efforts were greater and 
complaints more frequent when the sequence of interventions 
was BA vs AB (sequence/carry-over effect). 

DISCUSSION

Our results support and confirm the findings of previous reports 
that gait rehabilitation following repetitive and task-oriented 
treatment guidelines is beneficial to non-ambulatory patients 
with severe hemi- and tetra-paresis after acquired brain damage 
and incomplete spinal cord injury (11, 12, 23–26). Patients’ gait 
ability, muscle strength, and other motor functions improved 
during both treatment phases. Since most of the patients were 
in a chronic state, spontaneous recovery can be excluded and 
the observed beneficial effects attributed to the treatment.

Comparison of the effects of the electromechanical device 
(LokoHelp) training and treadmill training alone revealed that 
the improvement in walking ability (FAC) after intervention A 
was greater than after intervention B. However, this difference 
was not statistically significant. These results are in line with 
studies concerning 2 different types of mechanically and robot-
assisted gait training (27–29). In addition, although approxi-
mately 5 min more preparation time was needed in intervention 
A compared with intervention B, the distance walked during 
training sessions was significantly higher in intervention A.

During LokoHelp training session, the mean distance walked 
was 553 m compared with 400 m during the treadmill training. 
Bearing in mind that the number of repetitions seems to be 

crucial for relearning a task (1, 6), it is reasonable to assume 
that in a larger patient sample, training using devices would 
lead to significant results, as has been demonstrated in studies 
on the gait trainer (30, 31). In contrast to a recently published 
paper from Peurala et al. (32), we set the treatment duration 
at 45 min per training session. In our study, this treatment 
duration included the time used to get the patient into the 
device, and no additional time for preparation was provided 
as described in another study using the GT1 (30). Although 
set-up procedures in intervention A takes slightly longer, the 
mean achieved walking distances were higher in intervention 
A compared with intervention B. 

Recently Hidler et al. (33) have reported better walking 
ability in a population of ambulatory patients after therapist-
assisted training compared with robot-assisted gait training 
using the Lokomat. However, in our study we included only 
patients who could not walk at study onset; therefore it is dif-
ficult to compare the results of both studies. 

Finally, our results are in contrast with the results of a 
Cochrane review including GT1 and Lokomat trials, which 
found that patients who receive electromechanical-assisted 
gait training are more likely to achieve independent walking 
than patients receiving gait training without these devices (34). 
However, an update of the evidence using mechanical and/or 
robot devices is expected in due course.

The MAS scores increased slightly after intervention A and 
decreased after intervention B. This may be due to the fact 
that for one patient intervention A was conducted between 
one and 3 months after spinal cord injury. Thus, the recorded 
increase might be rather the result of the known phenomenon 
of increasing spasticity that occurs after spinal cord injury and 
not of the intervention studied. 

The MI of the lower limbs improved during both treatment 
phases, indicating that repetitive, task-oriented gait training 
can lead to amelioration in voluntary muscle activity. Although 
this finding is supported by studies of patients with supraten-
torial lesions (29), it differs from those obtained in samples 
of patients with spinal cord lesions (35, 36). The relationship 
between strength and walking function is still not fully clear, 

Table III. Patients’ and therapists’ efforts and complaints

 
 

Patients’ effort Patients’ complaints

Exhausting/high Moderate/low Fisher’s exact test Complaints No complaints Fisher’s exact test

Intervention A 98 222 p = 0.15 34 286 p = 0.064Intervention B 116 204 20 300
First phase of treatment 115 205 p = 0.21 36 284 p = 0.015Second phase of treatment 99 221 18 302
Sequence AB 117 203

p = 0.11
34 286

p = 0.064Sequence BA 97 223 20 300

 
 

Therapists’ effort Therapists’ complaints

Exhausting/high Moderate/low Fisher’s exact test Complaints No complaints Fisher’s exact test

Intervention A 0 320 p < 0.001 2 318 p < 0.001Intervention B 56 264 60 260
First phase of treatment 54 266 p < 0.001 53 267 p < 0.001Second phase of treatment 2 318 9 311
Sequence AB 2 318 p < 0.001 9 311 p < 0.001Sequence BA 54 266 53 267

J Rehabil Med 41



738 S. Freivogel et al.

albeit a recent review has shown a positive correlation between 
these factors (37, 38).

A main finding of our study was that the number of therapists 
needed to accomplish the treatment during treadmill training 
was significantly higher than during the electromechanically 
assisted training intervention. Whereas a second therapist 
was never needed for treatments in intervention A, additional 
therapists were needed in 80 of the 320 treadmill intervention 
sessions, especially for setting the limbs. This meant a 25% 
increase in staff requirements. Given that personnel resources 
in the public health system are becoming increasingly lim-
ited, the number of therapists needed to achieve a patient’s 
improvement is not a trivial consideration. Previous studies 
have reported the generally high number of personnel needed 
for gait-training therapies involving similar patients (29–31). 
Werner et al. (27) assessed the number of personnel required 
and found that, overall, 2 therapists per patient were needed 
to conduct treadmill training. 

The number of therapists’ complaints (mostly regarding wrist 
and lower back pain) was greater and the level of physical 
stress experienced by the therapists was significantly higher 
during intervention B (see Table III). The therapy protocols 
revealed that therapists described the treatment as being ex-
hausting/high in 56 of the total 320 therapy sessions (= 17.5% 
of the therapy sessions) during treadmill training, but never 
during LokoHelp training. Werner et al. (27) maintain that the 
overexertion of therapists during the treadmill therapy sessions 
may lead to non-optimal gait patterns and, in the long run, to 
worse walking ability. At least it is reasonable to assume that 
when the therapists are overexerted, they seem to initiate fewer 
repetitions of gait cycles.

Interestingly, there was also a phase and sequence effect for 
the discomfort and physical stress of therapists. Complaints 
and high levels of effort were reported more often in the 
second phase of treatment, and at the same time more often 
when the sequence of the 2 interventions were B and then A 
compared with A and then B (Table III). Obviously, complaints 
were registered less often during treadmill training when the 
patients had already completed intervention A. Therapists 
reported that the setting of the limbs and maintaining trunk 
extension were easier in this training condition. It is possible 
that these patients had learned how to set their limbs and to 
maintain trunk extension during intervention A (gait training 
with LokoHelp). This improvement, which is also reflected by 
the increase in mean FAC scores, could lead to easier train-
ing conditions for therapists (i.e. less assistance needed to be 
provided) and might explain the phase and sequence effect on 
the complaints and efforts of therapists.

Patients’ complaints during gait training using the treadmill 
and the LokoHelp were comparable (Table III). Patients’ com-
plaints (mostly related to the body weight support system and 
once to knee pain) decreased over the course of the treatment 
period. During the total of 640 treatment sessions (320 sessions 
of each intervention A and B), no other unwanted side-effects 
or complications occurred.

Both interventions were well accepted by the patients. 
Overall, the patients rated the physical effort needed during the 

treadmill and LokoHelp training phases as being equal (Table 
III). Therefore, we conclude that the muscle activity during 
mechanically assisted gait training is not lower than during 
treadmill training or gait training on the floor. 

Based on our findings, we conclude that task-oriented gait 
training with treadmill training or with a mechanical gait-
training device leads to an improvement in walking ability 
and related scores. The training paradigm involving the lat-
ter, newly developed device reduces the physical strain for 
therapists and the amount of personnel needed to conduct 
gait-training therapies. 

Certain limitations of our study should be noted. First, our 
conclusions were based on patients’ reports of their efforts and 
not on measurements of muscle activity made during Loko-
Help- or therapist-assisted treadmill training sessions. 

One could also argue that another limitation of our study is 
the large variation in the studied group. However, this is due 
to the fact that the population for this study was drawn from 
our inpatient rehabilitation centre, which is specialized for 
severely handicapped patients after brain injury, stroke and 
spinal cord injury. 

Another limitation is that we cannot provide follow-up 
results and exact data pertaining to the gait patterns of the 2 
kinds of gait training protocols. 

ACKNOWLEDGEMENTS

The authors thank the physiotherapists who conducted the testing pro-
cedures and the patients who agreed to participate in the study. We also 
thank Dr Willi Nagel, Department of Psychology, University of Konstanz, 
for his expert advice on statistical questions. 

The authors report no conflicts of interest. The company Medburg 
(Basel, Suisse) provided the LokoHelp gait device for the period of the 
study and funded one physiotherapist for additional treatments. The 
company had no influence on the interpretation of data and the final 
conclusions drawn.

REFERENCES

Taub E, Uswatte G, Elbert T. New treatments in neurorehabilita-1.	
tion founded on basic research. Nature Rev Neurosci 2002; 3: 
228–236.
Duncan PW. Synthesis of intervention trials to improve motor 2.	
recovery following stroke. Topics Stroke Rehabil 1997; 3: 1–10.
Sterr A, Freivogel S. Motor-improvement following intensive 3.	
training in low-functioning chronic hemiparesis. Neurology 2003; 
61: 842–844.
Van Peppen RP, Kwakkel G, Wood-Dauphinee S, Hendriks HJ, 4.	
Van der Wees PJ, Dekker J. The impact of physical therapy on 
functional outcomes after stroke: what‘s the evidence? Clin Rehabil 
2004; 18: 833–862.
Duncan PW, Horner RD, Reker DM, Samsa GP, Hoenig H,  5.	
Hamilton B, et al. Adherence to postacute rehabilitation guidelines 
is associated with functional recovery in stroke. Stroke 2002; 33: 
167–177.
Carr JH, Shepherd R. A motor relearning programme for stroke. 6.	
London: Butterworth Heinemann; 1987.
Dobkin BH, Firestine A, West M, Saremi K, Woods R. Ankle dor-7.	
siflexion as an fMRI paradigm to assay motor control for walking 
during rehabilitation. Neuroimage 2004; 23: 370–381.
Liepert J, Bauder H, Wolfgang HR, Miltner WH, Taub E, Weiller C. 8.	

J Rehabil Med 41



739Improved walking ability after brain injury

Treatment-induced cortical reorganization after stroke in humans. 
Stroke 2000; 31: 1210–1216.
Luft AR, McCombe-Waller S, Whitall J, Forrester LW, Macko R, 9.	
Sorkin JD, et al. Repetitive bilateral arm training and motor cortex 
activation in chronic stroke: a randomized controlled trial. JAMA 
2004; 292: 1853–1861.
Barbeau H, Wainberg M, Finch L. Description and application 10.	
of a system for locomotor rehabilitation. Med Biol Eng Comput 
1987; 25: 341–344.
Visintin M, Barbeau H, Korner-Bitensky N, Mayo N E. A new 11.	
approach to retrain gait in stroke patients through body weight 
support and treadmill stimulation. Stroke 1998; 29: 1122–1128.
Kosak MC, Reding MJ. Comparison of partial body weight-12.	
supported treadmill gait training versus aggressive bracing as-
sisted walking post stroke. Neurorehabil Neural Repair 2000; 
14: 13–19.
Hesse S, Sarkodie-Gyan T, Uhlenbrock D. Development of an 13.	
advanced mechanised gait trainer, controlling movement of the 
centre of mass, for restoring gait in non-ambulant subjects. Biomed 
Tech (Berl) 1999; 44: 194–201.
Colombo G, Wirz M, Dietz V. Driven gait orthosis for improve-14.	
ment of locomotor training in paraplegic patients. Spinal Cord 
2001; 39: 252–255.
Freivogel S, Mehrholz J, Husak-Sotomayor TA, Schmalohr D. Gait 15.	
training with the newly developed “LokoHelp”-system is feasible 
for non-ambulatory patients after stroke, spinal cord and brain 
injury. A feasibility study. Brain Inj 2008; 22: 625–632.
Holden MK, Gill KM, Magliozzi MR, Nathan J, Piehl-Baker L. 16.	
Clinical gait assessment in the neurologically impaired. Reliability 
and meaningfulness. Phys Ther 1984; 64: 35–40.
Perry J. Gait analysis, normal and pathological function. Thorofare, 17.	
NJ: Slack Inc.; 1992.
Demeurisse G, Demol O, Robaye E. Motor evaluation in vascular 18.	
hemiplegia. Eur Neurol 1980; 19: 382–389.
Collen FM, Wade DT, Robb GF, Bradshaw CM. The Rivermead 19.	
Mobility Index: a further development of the Rivermead Motor 
Assessment. Int Disabil Stud 1991; 13: 50–54.
Berg KO, Wood-Dauphinee SL, Williams JI, Maki B. Measuring 20.	
balance in the elderly: validation of an instrument. Can J Public 
Health 1992; 83 Suppl 2: S7–S11.
Bohannon RW, Smith MB. Interrater reliability of a modified Ash-21.	
worth scale of muscle spasticity. Phys Ther 1987; 67: 206–207.
Armitage P, Colton T. Encyclopedia of biostatistics. Chichester: 22.	
Wiley; 1998.
Nilsson L, Carlsson J, Danielsson A, Fugl-Meyer A, Hellstrom K, 23.	
Kristensen L, et al. Walking training of patients with hemiparesis 
at an early stage after stroke: a comparison of walking training 
on a treadmill with body weight support and walking training on 
the ground. Clin Rehabil 2001; 15: 515–527.
Hesse S, Bertelt C, Jahnke MT, Schaffrin A, Baake P, Malezic M, 24.	
et al. Treadmill training with partial body weight support compared 
with physiotherapy in nonambulatory hemiparetic patients. Stroke 
1995; 26: 976–981.

Eich HJ, Mach H, Werner C, Hesse S. Aerobic treadmill plus 25.	
Bobath walking training improves walking in subacute stroke: a 
randomized controlled trial. Clin Rehabil 2004; 18: 640–651.
Peurala SH, Tarkka IM, Pitkanen K, Sivenius J. The effectiveness of 26.	
body weight-supported gait training and floor walking in patients with 
chronic stroke. Arch Phys Med Rehabil 2005; 86: 1557–1564.
Werner C, Von Frankenberg S, Treig T, Konrad M, Hesse S. 27.	
Treadmill training with partial body weight support and an 
electromechanical gait trainer for restoration of gait in subacute 
stroke patients: a randomized crossover study. Stroke 2002; 33: 
2895–2901.
Field-Fote EC, Lindley SD, Sherman AL. Locomotor training 28.	
approaches for individuals with spinal cord injury: a preliminary 
report of walking-related outcomes. J Neurol Phys Ther 2005; 
29: 127-138.
Husemann B, Müller F, Krewer C, La29.	 ß A, Gille C, Heller S, et al. 
Effects of locomotion training with assistance of a robot-driven 
gait orthosis in hemiparetic patients after stroke. A randomized 
controlled pilot study. Stroke 2007; 38: 349–354.
Pohl M, Werner C, Holzgraefe M, Kroczek G, Mehrholz J, 30.	
Wingendorf I. Repetitive locomotor training and physiotherapy 
improve walking and basic activities of daily living in subacute, 
non-ambulatory stroke patients: a single-blind, randomised multi-
centre trial (DEutsche GAngtrainerStudie, DEGAS). Clin Rehabil 
2007; 21: 17–27.
Tong RK, Ng MF, Li LS. Effectiveness of gait training using an 31.	
electromechanical gait trainer, with and without functional electric 
stimulation, in subacute stroke: a randomized controlled trial. Arch 
Phys Med Rehabil 2006; 87: 1298–1304.
Peurala SH, Airaksinen O, Huuskonen P, Jäkälä P, Juhakoski M, 32.	
Sandell K, et al. Effects of intensive therapy using gait trainer or 
floor walking exercises early after stroke. J Rehabil Med 2009; 
41: 166–173.
Hidler J, Nichols D, Pelliccio M, Brady K, Campbell DD, Kahn 33.	
JH, et al. Multicenter randomized clinical trial evaluating the 
effectiveness of the Lokomat in subacute stroke. Neurorehabil 
Neural Repair 2009; 23: 5–13.
Mehrholz J, Werner C, Kugler J, Pohl M. Electromechanical-34.	
assisted training for walking after stroke. Cochrane Database of 
Systematic Reviews 2007; Issue 4. Art. No.: CD006185. DOI: 
10.1002/14651858.CD006185.pub2.
Wernig A, Muller S, Nanassy A, Cagol E. Laufband therapy based 35.	
on “rules of spinal locomotion” is effective in spinal cord injured 
persons. Eur J Neurosci 1995; 7: 823–829.
Dobkin B, Apple D, Barbeau H, Basso M, Behrman A, Deforge D, 36.	
et al. Weight-supported treadmill vs over-ground training for walk-
ing after acute incomplete SCI. Neurology 2006; 66: 484–493.
Ross SA, Engsberg JR. Relationships between spasticity, strength, 37.	
gait, and the GMFM-66 in persons with spastic diplegia cerebral 
palsy. Arch Phys Med Rehabil 2007; 88: 1114–1120.
Ada L, Dorsch S, Canning CG. Strengthening interventions 38.	
increase strength and improve activity after stroke: a systematic 
review. Aust J Physiother 2006; 52: 241–248.

J Rehabil Med 41


