
JRRDJRRD Volume 49, Number 10, 2012

Pages 1537–1546
Exercise intensity of robot-assisted walking versus overground walking 
in nonambulatory stroke patients

Michiel P. M. van Nunen, MSc;1–2* Karin H. L. Gerrits, PhD;1–2 Arnold de Haan, PhD;1,3 Thomas W. J.
Janssen, PhD1–2

1Research Institute MOVE, Vrije Universiteit Amsterdam, Amsterdam, the Netherlands;2 Amsterdam Rehabilitation 
Research Center/Reade, Amsterdam, the Netherlands; 3Institute for Biomedical Research into Human Movement and 
Health, Manchester Metropolitan University, Manchester, United Kingdom

Abstract—It has been suggested that aerobic training should 
be considered in stroke rehabilitation programs to counteract 
detrimental health effects and decrease cardiovascular risk 
caused by inactivity. Robot-assisted treadmill exercise (using a 
Lokomat device) has the potential to increase the duration of 
walking therapy relative to conventional overground therapy. 
We investigated whether exercise intensity during Lokomat 
therapy is adequate to elicit a training effect and how assis-
tance during walking in the Lokomat affects this exercise 
intensity. Ten patients with stroke (age 54 +/– 9 yr) walked in 
both the Lokomat and in a hallway. Furthermore, 10 nondis-
abled subjects (age 43 +/– 14 yr) walked in the Lokomat at vari-
ous settings and on a treadmill at various speeds. During 
walking, oxygen consumption and heart rate were monitored. 
Results showed that for patients with stroke, exercise intensity 
did not reach recommended levels (30% heart rate reserve) for 
aerobic training during Lokomat walking. Furthermore, exercise 
intensity during walking in the Lokomat (9.3 +/– 1.6 mL/min/kg)
was lower than during overground walking (10.4 +/– 1.3 mL/
min/kg). Also, different settings of the Lokomat only had small 
effects on exercise intensity in nondisabled subjects.

Key words: aerobic training, exercise intensity, heart rate, 
hemiplegia, locomotor training, oxygen consumption, rehabili-
tation therapy, robot-assisted walking, stroke, walking.

INTRODUCTION

A large portion of patients with stroke initially has no 
walking ability and cannot walk independently because 

of hemiparesis and compromised balance. Moreover, a 
subgroup of patients with stroke is not able to walk inde-
pendently even after a few months into the rehabilitation 
process. The inability to walk independently or be active 
has been suggested to lead to further deconditioning and 
is related to balance [1]. Secondary impairments, such as 
muscle atrophy and reduced aerobic capacity, have been 
reported and suggested to contribute to further functional 
declines in gait [2]. To counteract detrimental health 
effects and to decrease cardiovascular risk caused by 
inactivity, it has been suggested that aerobic training 
should be considered in stroke rehabilitation programs [3–6].
Although there are probably differences among approaches
in different countries and different rehabilitation centers, 
both Kuys et al. [7] and MacKay-Lyons and Makrides [4] 
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showed that contemporary stroke rehabilitation programs 
in Canada and Australia did not elicit adequate exercise 
intensity for aerobic training.

In recent years, a device for robot-assisted gait therapy
(Lokomat, Hocoma AG; Volketswil, Switzerland) was 
developed to automate body-weight supported treadmill 
training for severely disabled patients. The Lokomat con-
sists of a treadmill with a body-weight support (BWS) 
system and two robotic orthoses that guide the patient’s 
legs, allowing he or she to walk for longer duration and 
making more repetitions possible during therapy [5]. 
Several studies have investigated the effectiveness of the 
Lokomat in restoring walking ability [8–10]. However, 
there is a lack of studies related to exercise intensity of 
Lokomat therapy and the potential for facilitating aerobic 
training in severely affected patients with stroke.

Walking in the Lokomat has been shown to increase 
oxygen consumption (VO2) above resting levels in 
patients and nondisabled subjects without experience 
walking in the Lokomat, indicating that walking in the 
Lokomat is not passive [11]. It is, however, still largely 
unknown whether exercise intensity of walking in the 
Lokomat during the rehabilitation process of patients 
with stroke is within levels of intensity for aerobic train-
ing as recommended by the American College of Sports 
Medicine (ACSM) [12]. Furthermore, little knowledge 
exists about how assistance during walking in the 
Lokomat influences exercise intensity of walking, e.g., in 
severely affected patients. Walking speed in the Lokomat 
can be much faster than during overground walking. 
From the literature, it is known that walking at a higher 
speed requires more energy [13–14], and therefore, one 
could expect exercise intensity to increase during 
Lokomat walking compared with overground walking. 
However, BWS has been shown to decrease VO2 during 
treadmill walking [15]. Also, the Lokomat assists the legs 
during walking, potentially decreasing exercise intensity 
[16]. Finally, during walking in the Lokomat, the position 
of the pelvis is held constant relative to the treadmill, 
thereby decreasing the horizontal propulsion force and, at 
the same time, decreasing energy cost during walking 
[14]. Combined, these factors complicate predictions of 
effects of assistance on exercise intensity during 
Lokomat walking.

To improve our understanding of the exercise inten-
sity of Lokomat walking during therapy, our primary 
objective was to investigate the exercise intensity during 
Lokomat therapy and compare this with exercise inten-

sity recommendations of the ACSM. The second objec-
tive was to compare exercise intensity of walking in the 
Lokomat with normal overground gait in patients with 
stroke. Since patients can walk for longer duration in the 
Lokomat and the device provides assistance during walk-
ing, we hypothesized that patients with stroke walking in 
the Lokomat walked at lower exercise intensity than dur-
ing normal gait. The third objective was to evaluate how 
different settings of the Lokomat affect exercise intensity 
during walking on the device. We hypothesized that 
increased assistance decreases exercise intensity of walk-
ing in the Lokomat.

METHODS

General Design
Participants came to the laboratory to perform two 

experimental sessions: walking in the Lokomat and walk-
ing in a hallway. Nondisabled subjects performed one 
experimental session consisting of Lokomat walking and 
another of unassisted walking on a treadmill. We col-
lected cardiorespiratory parameters during each walking 
session.

Lokomat
The design and control of the Lokomat has been 

reported previously [7]. In this study, we used the 
LokomatPro device (Hocoma AG) with the Levi BWS 
system. In all trials for both patients with stroke and non-
disabled subjects, the Levi BWS system was activated. 
Three settings were manipulated during this study: speed; 
amount of BWS; and guidance force (GF), which is the 
amount of assistance of the robotic orthoses.

Subjects
Ten patients with hemiplegic stroke (6 male and 4 

female; age 54 ± 9 yr) and ten nondisabled subjects (6 
male and 4 female; age 43 ± 14 yr) participated in the 
study (all units are mean ± standard deviation unless oth-
erwise specified). Patients had a first-ever stroke and no 
unstable hypertension, no unstable cardiovascular prob-
lems, no severe skeletal problems, and no severe cogni-
tive and/or communicative problems preventing the 
ability to follow verbal instructions. Table 1 presents 
patient characteristics such as age, sex, lesion side, and 
time poststroke. Functional limitations are described using 
Functional Ambulation Category (FAC) and the Berg 
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Patient
Age 
(yr)

Time Poststroke 
(wk)

Lesion Side Sex
FAC 

(score)
BBS 

(score)
1 53 10 L M 2 28
2 47 52 R M 3 35
3 43 79 R F 3 22
4 71 11 R F 2 14
5 53 25 L M 3 16
6 62 18 R M 2 17
7 64 12 R M 2 24
8 47 16 R M 3 44
9 49 12 R F 3 35

10 50 12 R F 2 24
Mean ± SD 54 ± 9 25 ± 23 — — 2.6 ± 0.5 26 ± 9

Balance Scale (BBS). The FAC score is a 6-point mea-
sure for walking ability [17–18]; FAC scores <3 indicate 
dependent walking ability, while a score of 3 indicates 
supervision needed. The BBS, developed to qualitatively 
asses balance, consists of 14 test items scored on a 5-
point ordinal scale [19].

All patients with stroke had already received therapy 
in the Lokomat at least seven times before the first mea-
surements were performed. Eight patients had been train-
ing on the Lokomat as part of their inpatient treatment to 
improve walking ability. We asked two patients to partici-
pate in the study after their discharge from the rehabilita-
tion center. Patients were, therefore, familiar with 
walking in the Lokomat and settings were fine-tuned to 
their capabilities. In this study, nondisabled subjects had 
at least two practice sessions of 30 min in the Lokomat to 
familiarize themselves with walking in the device with 
various combinations of speed, BWS, and GF.

General Procedures
We measured V O2 and heart rate (HR) as indices of 

cardiorespiratory responses. During the Lokomat and 
treadmill trials, we continuously monitored V O2 with an 
Oxycon Alpha (Med Point-Jaeger; Boulder, Colorado). 
During the overground trials of all participants, we used 
an Oxycon Mobile lightweight portable spirometer (Med 
Point-Jaeger) to measure V O2. This portable system 
attaches to the chest with a comfortable vest (1.1 kg). We 
continuously monitored HR with an HR monitor (Polar 
RS400, Polar Electro; Kempele, Finland).

Experimental Protocol and Data Analyses

Patients with Stroke
During the experiments, we strapped the paretic arm 

using an arm sling as a precaution to prevent shoulder 
pain. We measured baseline resting V O2 in the seated 
position for 3 min. After preparation for Lokomat ther-
apy, patients with stroke walked in the Lokomat while we 
monitored V O2 and HR. Lokomat settings were the same 
as those used for the patients’ regular therapy settings 
and were individually optimized in such a way that they 
walked at a comfortable walking speed (CWS) with GF 
of the device kept at a minimum level and appropriate 
BWS without knee buckling during the stance phase. We 
used settings from previous therapy sessions as reference 
settings for the trials in the Lokomat and adjusted settings 
if necessary.

Before patients with stroke performed overground 
walking, we measured baseline resting V O2 during sit-
ting for 3 min. Subsequently, we instructed patients to 
walk at their CWS along a 20 m walkway. A physical 
therapist walked closely behind the patients for either 
supervision or assistance in maintaining balance. After 
20 m, patients turned and walked down the walkway in 
the opposite direction. Patients walked for 6 min continu-
ously before sitting down or until they needed to sit down 
because walking became too strenuous. All patients with 
stroke walked with their usual aids for overground walk-
ing: a quad cane and an ankle foot orthosis.

We averaged recorded V O2 and HR data over 60 s 
intervals. We determined VO2 during rest (VO2rest), 
highest VO2 during the session (VO2peak), and average 

Table 1.
Characteristics of patients with stroke.

BBS = Berg Balance Scale, F = female, FAC = Functional Ambulation Category, L = left, M = male, R = right, SD = standard deviation.
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VO2 over the interval between minute 3 and the last min-
ute of walking (VO2avg) during both Lokomat and over-
ground walking and expressed them in both absolute 
values and in metabolic equivalents of task (METs). We 
computed METs using the formula VO2/VO2rest. Vari-
ables associated with HR were the lowest HR during rest 
(HRrest), HR at VO2peak (HRpeak), and average HR 
(HRavg).

We estimated exercise intensity using the Karvonen 
method, with the HR reserve (HRR) being the difference 
between HRrest and the age-predicted maximal HR, esti-
mated using the formula HRmax = 220 – age. For the 
patient using beta-blocking medication (n = 1), we 
adjusted the formula to HRmax-beta = 0.85 × (220 – age) 
[4,20]. We estimated exercise intensity by expressing the 
HR relative to HRR (%HRR) [12]. ACSM guidelines for 
sedentary/extremely deconditioned nondisabled adults 
recommend training at a %HRR of 30 to 45 percent [12]. 
Both HRavg and HRpeak were expressed as %HRR and 
compared with these recommendations.

Nondisabled Control Subjects
Since patients with stroke are not capable of walking 

in the Lokomat at any combination of settings possible, 
we studied the effects of settings of the Lokomat in non-
disabled subjects only. We measured resting VO2 during 
3 min of seated rest. Nondisabled subjects walked in the 
Lokomat at eight combinations of settings, similar to 
those used during rehabilitation of patients with stroke. 
We set speed at either 1.7 or 2.2 km/h, GF at either 50 or 
20 percent, and BWS at either 50 or 25 percent of body 
weight, resulting in eight (2 × 2 × 2) different conditions. 
After the Lokomat trials, nondisabled subjects rested a 
few minutes. The nondisabled subjects subsequently 
walked on a treadmill, performing four walking trials at 
different treadmill speeds (0.7, 1.1, 1.7, and 2.2 km/h). 
All trials were performed for 3 min. We further analyzed 
minimal HR during rest (HRrest) and average VO2 and 
HR during the last minute of all the Lokomat and tread-
mill-only trials. The formulas used to estimate %HRR 
were also used to determine exercise intensity in nondis-
abled subjects.

Statistical Analysis
We tested data for normality using Shapiro-Wilk 

tests. We performed paired t-tests to investigate whether 
exercise intensity (as measured with V O2 and %HRR) of 
Lokomat walking was different from normal overground 

gait in patients with stroke. To study the effects of several 
combinations of settings of the Lokomat on V O2
or %HRR, we performed a three-way repeated measures 
analysis of variance (ANOVA) with within-factors BWS 
(25% or 50%), GF (20% or 50%), and speed (1.7 or
2.2 km/h) on the Lokomat trials only. Furthermore, we 
performed two ANOVAs on whether a difference existed 
in V O2 or %HRR between trials performed at the same 
speed with or without the assistance of the Lokomat. In 
these two ANOVAs, we compared four Lokomat trials with
the treadmill trial at the same speed for 1.7 and 2.2 km/h, 
respectively. We performed post hoc analyses using paired
t-tests with Bonferroni correction when appropriate.

To evaluate whether patients with stroke and nondis-
abled subjects responded in a similar manner to Lokomat 
assistance, we performed a two-way (mixed-design) 
ANOVA on V O2 and %HRR data with a between-
subject factor “group” (patients with stroke and nondis-
abled subjects) and a within-subject factor “mode of 
walking” (Lokomat or no Lokomat). During the over-
ground trial of patients with stroke, the average speed was 
0.7 ± 0.2 km/h. For comparison, the trials for nondisabled 
subjects included in this analysis were the trials with 
walking speed at 0.7 km/h for normal walking and the 
Lokomat trial with theoretically the least device assis-
tance (settings: 2.2 km/h, 25% BWS, and  20% GF), 
since these trials were the most comparable with the trials 
performed by patients with stroke. We tested homogene-
ity of variances using the Levene test for homogeneity of 
variances. Finally, we performed a t-test to investigate 
whether V O2 during Lokomat walking was similar for 
both groups. We considered probability values of <0.05 
significant. We performed all analyses using PASW
version 18.0 for Windows (SPSS, IBM Corporation; 
Armonk, New York).

RESULTS

Exercise Intensity of Lokomat Walking for Patients 
with Stroke

Table 2 shows a summary of the characteristics of 
the trials performed by all participants. Of the 10 patients 
with stroke, 1 showed an individual exercise intensity 
>30% HRR. For patients with stroke, exercise intensity 
expressed in METs was within the range defined as light 
physical activity intensity for the lowest fitness level 
group according to ACSM guidelines.



1541

VAN NUNEN et al. Exercise intensity of robot-assisted walking
Parameter Overground Lokomat
Velocitypeak (km/h) 0.7 ± 0.2 2.1 ± 0.1
BWSpeak (%) — 33 ± 9
GFpeak (%) — 29 ± 6
Endurance (min) 5.1 ± 0.8 26.0 ± 5.0
VO2peak (mL/min/kg) 10.4 ± 1.3 9.3 ± 1.6
VO2avg (mL/min/kg) 9.9 ± 1.4 7.8 ± 1.5
HRpeak (bpm) 104 ± 14 92 ± 12
HRavg (bpm) 104 ± 13 89 ± 13
MET 2.8 ± 0.3 2.1 ± 0.3
%HRRpeak 38 ± 13 25 ± 7
%HRRavg 38 ± 12 22 ± 7

All variables and differences were normally distrib-
uted. In patients with stroke, the peak V O2 during over-
ground walking (10.4 ± 1.3 mL/min/kg) was significantly 
higher than during Lokomat walking for nondisabled 
subjects (9.3 ± 1.6 mL/min/kg; t(9) = 2.83; p < 0.02; 
mean difference VO2: 1.1 mL/min/kg, 95% confidence 
interval [CI]: 0.2–1.9). Correspondingly, HRpeak during 
overground walking for patients with stroke (104 ± 14 
beats per minute [bpm]) was significantly higher than 
during Lokomat walking for nondisabled subjects (92 ± 
12 bpm; t(9) = 2.59; p < 0.03; mean difference HR: 12.4 
bpm, 95% CI: 1.5–23.2).

Effects of Settings of Lokomat on Exercise Intensity
For nondisabled subjects, Table 3 shows V O2 and 

HR during all trials with corresponding Lokomat set-
tings. Average V O2 and HR values during different 
Lokomat settings were very similar for all eight settings 
(L1–L8) and for the normal gait treadmill trials (N1–N4).

The three-way (2 × 2 × 2) repeated measures 
ANOVA revealed a significantly higher effect for lower 
GF on V O2 (F(1,9) = 6.84; p < 0.03; η2 = 0.43) and HR 
(F(1,9) = 8.57; p < 0.02; η2 = 0.49). When GF was set at 
20 percent, mean V O2 was 0.57 mL/min/kg higher (95% 
CI: 0.08–1.06) and mean HR was 1.9 bpm higher (95% 
CI: 0.4–3.4) than during GF at 50 percent. Furthermore, 
there was a borderline significant interaction effect of 
BWS and speed in HR data (F(1,9) = 5.20; p < 0.049; η2 =
0.37) indicating that when BWS was 50 percent, walking 
at 2.2 km/h elicited a higher HR than at 1.7 km/h, whereas 
when the BWS was 25 percent, walking at 2.2 km/h elici-
ted a lower HR than at 1.7 km/h. However, the differ-
ences between means were small (e.g., maximal difference
was 2.3 bpm); therefore, the interaction effect had a small 
effect size.

The ANOVAs comparing trials performed at similar 
speeds (4 Lokomat trials and 1 treadmill-only trial at 1.7 or
2.2 km/h, respectively) showed comparable results. There 
were no significant differences in V O2 (F(2.6,23.8) = 1.58; 
p > 0.05; η2 = 0.15) and HR (F(2.4,21.7) = 2.83; p > 0.05; 
η2 = 0.24)

Trial BWS (%)
Speed 
(km/h)

GF (%)
V̇O2, mL/min/kg 

(mean ± SD)
HR, bpm 

(mean ± SD)
Rest — — — 3.7 ± 0.4 60 ± 8
L1 50 1.7 50 7.9 ± 2.6 76 ± 10
L2 50 1.7 20 8.4 ± 2.3 79 ± 9
L3 50 2.2 50 7.9 ± 1.7 78 ± 10
L4 50 2.2 20 8.4 ± 2.2 79 ± 13
L5 25 1.7 50 7.8 ± 1.4 77 ± 9
L6 25 1.7 20 8.9 ± 2.3 79 ± 9
L7 25 2.2 50 8.0 ± 1.4 76 ± 13
L8 25 2.2 20 8.2 ± 1.8 77 ± 12
N1 — 0.7 — 7.0 ± 1.0 72 ± 9
N2 — 1.1 — 7.1 ± 0.8 74 ± 10
N3 — 1.7 — 7.9 ± 0.7 76 ± 11
N4 — 2.2 — 8.6 ± 0.9 77 ± 12

 between trials with walking speed at 1.7 km/h. 

Table 2.
Performance parameters during overground (patients with stroke) and 
Lokomat (nondisabled subjects) trials (mean ± standard deviation).

avg = average, bpm = beats per minute, BWS = body-weight support, GF = 
guidance force, HR = heart rate, HRR = heart rate reserve, MET = metabolic 
equivalent of task, VO2 = oxygen consumption.

Table 3.
Settings with corresponding oxygen consumption (VO2) and heart rate (HR) during Lokomat walking (L1–L8) and treadmill-only walking (N1–N4).

bpm = beats per minute, BWS = body-weight support, GF = guidance force, SD = standard deviation.
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V O2 at this speed was 8.2 ± 1.7 mL/min/kg and HR was 
77 ± 9 bpm. Similarly, at 2.2 km/h there were also no sig-
nificant differences in V O2 (F(1.9,16.7) = 1.25; p > 0.05; 
η2 = 0.12) and HR (F(4,36) = 0.92; p > 0.05; η2 = 0.09). 
VO2 at this speed was 8.2 ± 1.4 mL/min/kg and HR was 78 ±
11 bpm. This indicates that, although nondisabled sub-
jects were assisted by the Lokomat, exercise intensity 
was not different from normal unassisted walking when 
walking at the same speeds.

Exercise Intensity During Walking in Patients with 
Stroke Versus Nondisabled Subjects

As a group, patients with stroke had a significantly 
higher V O2 (9.8 mL/min/kg; 95% CI: 9.0–10.6) than 
nondisabled subjects (7.6 mL/min/kg; 95% CI: 6.8–8.5) 
across different modes of walking (F(1,18) = 15.67; p < 
0.001; η2 = 0.47) (Figure). There was no significant dif-
ference between V O2 during Lokomat walking and normal
gait for the whole group (F(1,18) = 0.36; p > 0.05; η2 =
0.002). There was, however, a significant interaction 
between mode of walking and group (F(1,18) = 11.21; p <
0.005; η2 = 0.38). Results of the analysis for %HRR were 
similar; i.e., patients with stroke had significantly 
higher %HRR (31.4% HRR, 95% CI: 27–36) than non-
disabled subjects (12.3% HRR, 95% CI: 8–16) (F(118) = 
45.40; p < 0.001; η2 = 0.72) (Figure). There was no sig-
nificant main effect for mode of walking (F(1,18) = 2.80; 

p > 0.05; η2 = 0.13), but there was a significant interac-
tion between mode of walking and group (F(1,18) = 
12.00; p < 0.005; η2 = 0.4). These statistical results con-
firm what the Figure indicates: patients with stroke 
responded differently than nondisabled subjects with dif-
ferent types of walking; i.e., while patients with stroke 
showed a lower V O2 and %HRR during Lokomat walk-
ing, the nondisabled subjects showed higher values dur-
ing Lokomat walking than during treadmill walking at 
0.7 km/h. Subsequent analysis showed

Figure.
(a) Oxygen consumption (VO2) and (b) heart rate reserve (HRR) during Lokomat walking and normal gait for patients with stroke 

(gray) and nondisabled subjects (black).

 no significant dif-
ference in V O2 during Lokomat walking in patients with 
stroke (V O2: 9.3 ± 1.6 mL/min/kg) compared with non-
disabled subjects (V O2: 8.2 ± 1.8 mL/min/kg) (t(18) =
1.36; p > 0.05; mean difference VO2: 1.0 mL/min/kg; 
95% CI: –0.6 to 2.6), indicating that V O during walking 
in the Lokomat was similar for patients with stroke and 
nondisabled subjects.

DISCUSSION

In this study, we compared exercise intensity of 
walking in the Lokomat with exercise intensity of normal 
gait in both patients with stroke and nondisabled subjects.
Results indicate that the exercise intensity in patients 
with stroke was below levels recommended by the ACSM
for sedentary/extremely deconditioned nondisabled adults 
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(30% HRR) [12], i.e., the absolute minimum level. Fur-
thermore, this study showed that exercise intensity of 
walking in the Lokomat is lower than during normal gait 
in severely disabled patients with stroke. To evaluate the 
effects of settings of the Lokomat, nondisabled subjects 
walked at various combinations of settings, demonstrat-
ing that the influence of settings of the Lokomat on V O2
and HR is marginal. Finally, it was demonstrated that, 
when walking in the Lokomat is compared with over-
ground walking, patients with stroke responded differ-
ently to assistance of the device than nondisabled 
subjects.

Exercise Intensity of Lokomat Walking
Our study suggests that, based on the estimates of 

exercise intensity, the target training intensities (30% HRR)
were not reached for most patients with stroke when 
walking in the Lokomat. Nevertheless, a recent study by 
Chang et al. [21] showed that after only 2 wk of interven-
tion, a group of patients with stroke training in the 
Lokomat had a larger improvement of V O2peak as mea-
sured during an incremental exercise test than a group of 
control patients receiving conventional therapy. Note, 
however, that differences in recovery of function between 
groups might also be responsible for an increase similar 
to that observed by Chang et al. [21]. This confounding 
factor should be taken into account during exercise tests 
in the (sub)acute stroke population. Nevertheless, the 
advantage of Lokomat therapy is the longer possible 
duration of therapy. This may explain the findings of 
Chang et al. [21]. Furthermore, in a small randomized 
clinical trial, Husemann et al. reported an effect of 
Lokomat therapy on body tissue composition, which they 
suggested being due to increased aerobic metabolism 
[22]. More research is warranted to study the effects of 
Lokomat therapy on cardiorespiratory fitness.

Effects of Settings of Lokomat on Exercise Intensity
Therapists have a range of settings that can be adjusted 

and controlled during Lokomat walking. We only investi-
gated the three main variables: treadmill speed, BWS, 
and amount of assistance [23]. Krewer et al. demon-
strated that using a lower BWS increased V O2 when 
changed from 100 percent unloading to 30 percent BWS 
[11]. Furthermore, they showed that neither speed nor GF 
had a significant effect on VO2. When compared with our 
study, lower levels of V O2 were found in Krewer et al. 
[11], which was probably due to other settings (e.g., 

lower speed or possibly other BWS system) or the better 
walking ability of participants in their study. In our study, 
we wanted to investigate the effect on V O2 and HR of 
various settings used during therapy. The observed sig-
nificant effects were very small; therefore, it can be con-
cluded that the effects of changing settings within the 
ranges used in this study are only small and the clinical 
relevance is therefore questionable.

Furthermore, for nondisabled subjects, exercise 
intensity of gait at 1.7 and 2.2 km/h was similar for all tri-
als performed at these speeds. We expected that the assis-
tance of the device would decrease VO2 and HR relative 
to unsupported normal walking based on findings in the 
literature [15]. The absence of such an effect may be 
explained by other factors that may have counterbalanced 
the assistance of the device, such as the requirement to 
follow a prescribed gait pattern. Wezenberg et al. showed 
that enforcing a normal step pattern increased metabolic 
energy cost of walking during treadmill walking [24]. It 
seems plausible that similar mechanisms are responsible 
for the results in the present study.

Exercise Intensity During Walking in Patients with 
Stroke Versus Nondisabled Subjects

We found a difference in the way patients with stroke 
responded to the assistance of the Lokomat device com-
pared with nondisabled subjects. Patients with stroke 
showed a lower V O2 and %HRR during Lokomat walk-
ing, whereas nondisabled subjects showed higher V O2
and %HRR during Lokomat walking than during normal 
treadmill walking at 0.7 km/h. These results are probably 
mostly due to observations already described in the litera-
ture that at similar speeds, hemiparetic walking is more 
energy demanding than nondisabled walking, with grow-
ing disparity with more affected hemiparetic gait [25]. 
The Figure shows that the differences between exercise 
intensity of walking became smaller between subject 
groups when walking in the Lokomat compared with nor-
mal gait. There was no significant difference between 
patients with stroke and nondisabled subjects during walk-
ing in the Lokomat. These findings confirm what Krewer 
et al. concluded [11]: that for a given walking condition, 
patients performed similarly to nondisabled subjects, 
indicating that, contrary to overground walking, cardiore-
spiratory responses of nondisabled subjects during 
Lokomat walking are similar under similar circumstances.
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Study Limitations
Limitations of this study are the differences between 

patients with stroke in settings during Lokomat walking 
and the difference in overground walking speed for 
patients with stroke compared with nondisabled subjects. 
These differences may increase variability when patients 
with stroke are compared with the nondisabled subjects, 
thereby decreasing the power of the statistics. However, 
when the two-way (2 × 2) ANOVA was repeated with 
data from the other Lokomat trials and the 1.2 km/h 
treadmill trial of nondisabled subjects (not shown), the 
results were the same as reported. The conclusion for the 
differences between patients with stroke and nondisabled 
subjects remains unaltered.

It is possible that the exercise intensity of Lokomat 
walking might still be somewhat higher with more 
sophisticated settings (such as asymmetrical settings) 
over the levels recorded in our study. By using voluntary 
efforts, exercise intensity can also be increased as dem-
onstrated by Jack et al. [26–27]. They showed that in 
patients with incomplete spinal cord injuries, VO2 can 
increase markedly when subjects actively push against 
the robotic orthoses while walking. It is unclear whether 
this can also be achieved by severely disabled patients 
with stroke; however, it can be argued that the already 
altered muscle activity during walking in the Lokomat 
would be further changed in naturally occurring muscle 
activation patterns in this study [28].

We instructed patients with stroke (and nondisabled 
subjects) to walk as normally as possible and follow the 
prescribed gait pattern. For severely affected patients, 
further decrease of the BWS and/or GF will most likely 
not be possible because the prescribed gait pattern will 
not be followed properly; the precautions present in the 
Lokomat will intervene by stopping the device to an 
immediate standstill when there is too much deviation 
from the prescribed gait pattern. Furthermore, walking 
with more challenging settings may not be perceived as 
comfortable and it remains to be seen whether patients 
are still capable and willing to walk for 20 min at these 
more challenging Lokomat settings.

The conclusions of this study do not necessarily 
extrapolate to other robot-assisted devices. However, a 
few studies similar to our present study have been 
recently performed with a similar device [29–30]. In line 
with the previous discussion, these studies showed that 
only with the right settings is it possible to train patients 

with stroke at intensities sufficiently high for aerobic 
training effects.

CONCLUSIONS

From this study, it can be concluded that exercise 
intensity during Lokomat walking is light and below 
ACSM-recommended values to improve aerobic fitness. 
Furthermore, changing settings within certain ranges pre-
scribed and used for severely disabled patients has only a 
small influence on exercise intensity.

Although our results suggest that the exercise inten-
sity with Lokomat walking is most likely insufficient to 
elicit an aerobic training effect, there are indications that 
low-intensity training (at 30% HRR) may increase peak 
aerobic capacity [31], and that in patients with stroke, 
Lokomat training might improve aerobic capacity [21] 
and body tissue composition [22]. These inconsistencies 
warrant further research to study the effects of training in 
the Lokomat on aerobic capacity and further investiga-
tion on how severely affected patients can exercise in the 
Lokomat at higher exercise intensities using other combi-
nations of settings.
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