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Effect of robot-assisted gait
training on quality of life and
depression in neurological
impairment: A systematic
review and meta-analysis

Meike den Brave' (7, Charlotte Beaudart?,
Benoit Maertens de Noordhout3, Vincent Gillot4,
and Jean-Francois Kaux>*

Abstract

Objective: Robot-assisted gait training (RAGT) is often used as a rehabilitation tool for neurological
impairments. The purpose of this study is to investigate the effects of rehabilitation with robotic devices
on quality of life and depression.

Data sources: Two electronic databases (MEDLINE and Scopus) were searched for studies from incep-
tion up to December 2022.

Review methods: Randomized controlled trials (RCTs) and non-RCTs were pooled separately for ana-
lyses, studying each one’s mental and physical health and depression. Random effect meta-analyses were
run using standardized mean difference and 95% confidence interval (ClI).

Results: A total of 853 studies were identified from the literature search. 3| studies (17 RCTs and 14
non-RCTs) including | 151 subjects met the inclusion criteria. 31 studies were selected for the systematic
review and 27 studies for the meta-analysis. The outcome measure of mental health significantly improved
in favor of the RAGT group in RCTs and non-RCTs (adjusted Hedges’g 0.72, 95% CI: 0.34—1.10, adjusted
Hedges g=0.80, 95% CIl 0.21-1.39, respectively). We observed a significant effect of RAGT on physical
health in RCTs and non-RCTs (adjusted Hedges’g 0.58, 95% Cl 0.28, 0.88, adjusted Hedges g=0.73,
95% Cl 0.12, 1.33). After realizing a sensitivity analysis in RCTs, a positive impact on depression is
observed (Hedges’ g of —0.66, 95% CI —1.08 to —0.24).
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Conclusion: This study suggests that RAGT could improve the quality of life of patients with neurological
impairments. A positive impact on depression is also observed in the short term. Further studies are
needed to differentiate grounded and overgrounded exoskeletons as well as RCT comparing overground

exoskeletons with a control group.
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Introduction

Approximately 60% of patients with neurological
disorders are also affected with gait disorders
which can be linked to motor and sensory deficits,
proprioceptive disorders, spasticity, or bone and
joint disorders.'

Rehabilitation with robotic devices began in
1994 with Lokomat® and the results of the first
clinical tests with an overground exoskeleton
(HAL®™) were published in 2009.> Rehabilitation
for improving walking ability remains a challenge
for physicians although the use of robot-assisted
gait training for rehabilitation has become more
commonplace over the last few years.

There are a number of different types of robotic
devices currently available for the lower limbs:
end-effector devices, treadmill-based body weight-
support exoskeletons, and wearable exoskeletons.
The treadmill-based body weight support can be
complemented with a supplementary assistance of
the lower limb by a powered exoskeleton during
gait training (e.g. Lokomat® (Switzerland),
Walkbot® (Korea), and ReoAmbulator® (USA)).
The treadmill speed, the amount of body weight
support, and the guidance force can all be adapted
to optimize training intensity in line with individual
patient needs.

In recent years, a number of different types of
overground exoskeletons have been developed.
However, so far, only 6 have been awarded the
CE mark and/or received Food and Drug
Administration approval (Ekso®, HAL®, Indego®,
REX®, ReWalk®, and SMA®).> Overground exos-
keletons enable patients to explore their environment

by walking overground on hard and flat surfaces.
They are intended to be used in normal day-to-day
activities.”

The use of robot-assisted gait training for
rehabilitation has become relatively popular and,
consequently, there is an increasing number of
studies being published. A recent meta-analysis of
randomized controlled trials (RCTs) and
non-RCTs investigated the effects of robot-assisted
gait training in patients with spinal cord injury.’
Different aspects of walking ability were measured,
and authors reported that robot-assisted gait train-
ing appeared to increase the endurance, muscle
strength, and ambulatory ability of patients. A
further meta-analysis, conducted on stroke patients,
concluded that patients’ balance was significantly
improved following rehabilitation with robotic
devices when compared to conventional therapy.
Results were only significant for acute or subacute
strokes. Moreover, the exoskeletons were found to
be significantly superior when compared to
end-effector devices.* An additional meta-analysis
reviewed gait quality after stroke based on object-
ive biomechanical measures.” This meta-analysis
showed no effect of robot-assisted gait training on
temporal, spatial, kinematic, or kinetic parameters.
Finally, in patients with multiple sclerosis, robot-
assisted gait training appeared to improve gait
speed, walking ability, balance, and stride length
compared to conventional walking training or
sensory integration balance training.°

The majority of the above-mentioned studies
focused their outcome measures on ambulation
assessment rather than physical and psychological
changes.” Nevertheless, because impaired walking,
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pain, and spasticity can have a negative impact on
health-related quality of life, is it possible to
hypothesize that robot-assisted gait training could
additionally have beneficial effects on the quality
of a patient’s life.

To obtain a global overview of the impact of
robot-assisted gait training on quality of life and
depression, we aim to develop a systematic
review and meta-analysis. A systematic review
attempted to collate all empirical evidence on one
particular topic. Results of individual studies were
combined to produce overall statistics, usually
known as meta-analysis.’

Methods

The proposed systematic review and meta-analysis
were conducted and reported in accordance with
the Preferred Reporting Items for Systematic
Review and Meta-Analysis (PRISMA). A protocol
was developed and published in Open Science
Framework prior to carrying out the systematic
review. The research project can be summarized
with the following PICO format: P (population):
patients suffering from spinal cord injury, stroke,
multiple sclerosis (MS), amyotrophic lateral scler-
osis or myopathy; I (intervention): exoskeleton; C
(comparator): usual care; O (outcome): quality of
life.

A search, of English and French studies, was
conducted on MEDLINE (via Ovid) and Scopus,
to identify any studies that had assessed the
effects of an exoskeleton on quality of life from
the inception of databases up until December
2022. A combination of terms of Medical Subject
Headings and keywords was used in the search
strategy. The complete search strategies used in
both databases are available in Supplementary
Files (Figure S1). Additionally, bibliographies of
all included studies were manually checked for
other potentially relevant publications. Experts in
the field were also contacted for additional
resources.

The search results from electronic sources and
manual searches were imported into Covidence
software for data management. All identified

articles were screened for eligibility by two
reviewers. In the first instance, this was based on
titles and abstracts, and secondly, based on full
texts. Any discrepancy was resolved by the two
reviewers. Any study that could not be included
was recorded in the full-text paper screening stage
and reasons for exclusion were duly noted. The
inclusion of studies was based on a list of inclu-
sion/exclusion criteria compiled by the two
reviewers. Adults and children presenting a neuro-
muscular impairment such as spinal cord injury,
stroke, multiple sclerosis, amyotrophic lateral scler-
osis, or myopathy, between 2 and 80 years of age,
were considered. All types of lower limb exoskele-
tons were included. For outcome measures, only
validated instruments evaluating the quality of
life, depression, well-being, and psychological
status were chosen.

Interventional studies and longitudinal studies
were included. However, qualitative studies, case
reports, reviews, systematic reviews, letters to
editors, and protocols were not accepted. Studies
evaluating satisfaction with the use of the exoskel-
eton as well as non-English and non-French studies
were considered inappropriate for the study.®

Data were extracted by two independent
reviewers according to a standardized data extrac-
tion form pre-tested on a sample of 4 studies.

The following data were extracted:

- Article characteristics: first author, journal,
year of publication, title, objectives, funding,
conflict of interest.

- Study characteristics: study design, country,
length of follow-up.

- Population: sample size, gender distribution,
age range, description of the population, and
pathology.

- Exoskeleton: type of exoskeleton and training
proposed.

- Quality of life/depression instrument used for
data collection.

- Study results: main results.

The quality of studies was assessed using the
Cochrane Risk of Bias tool for interventional
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studies and the National Institutes of Health scale
for pre—post studies with no control group.” The
Cochrane Risk of Bias tool allows for the detection
of different types of bias: selection, performance,
attrition, detection, and reporting bias by evaluating
7 different criteria. The National Institute of
Health’s scale for pre—post studies is based on 12
criteria for evaluating the internal validity of a
study.'”

Strategy for data synthesis

The findings were evaluated in a descriptive
manner based on information provided by each of
the studies that had been accepted on the study.
For outcomes reported by three or more studies, a
meta-analysis was performed. In total, 6 random
effect meta-analyses were carried out, according
to study designs and outcomes: (1) meta-analysis
on mental health quality of life investigated
through interventional studies with a control
group; (2) meta-analysis on physical health
quality of life investigated through interventional
studies with a control group; (3) meta-analysis on
depression investigated through interventional
studies with a control group; (4) meta-analysis on
mental health quality of life investigated through
pre—post studies with no control group; (5)
meta-analysis on physical health quality of life
investigated through pre—post studies with no
control group; (6) meta-analysis on depression
investigated through pre—post studies with no
control group. A random effect model was chosen
due to the expected heterogeneity of protocols
across individual studies. To provide a comparison
between outcomes reported by the individual
studies, effect size as a standardized mean differ-
ence with 95% ClIs was measured for each
outcome. Because of the small sample of studies,
Hedges g was computed.

Original mean differences and standard deriva-
tions were extracted, when available, from each
individual study. When only baseline and
follow-up values were available, and the mean dif-
ferences and standard derivations were missing, the
authors of the individual study were contacted in an
effort to obtain missing values. In case of non-

response, the mean differences and standard deriva-
tions from these baseline and follow-up values for
each individual group were estimated using the
formula recommended in the Cochrane Handbook
for Systematic Reviews. When only median and
interquartile ranges were available, the formula
suggested by Hozo et al.'' to convert them into
means and standard derivations was used.

When a study provided multiple follow-up mea-
sures, the follow-up time point as close as possible
to the end of the intervention period was used.
When different scales were used to measure the
quality of life within one particular study, the
total score of the scale was prioritized for extraction
followed by, either the mental health/well-being
scale (e.g. Mental Health Component for the
SF-36 or positive affect and well-being scale of
the NeuroQoL), the physical component scale
(PCS; e.g. PCS for SF-36) or the physical health
(e.g. PCS of the SF-36).

Results were examined for heterogeneity using
Cochran’s Q statistic and the /* statistic. Potential
publication bias was explored by means of a
funnel plot. Publication bias was measured in
each meta-analysis including 10 studies or more
using the Egger test.

One-way removed analysis was also used as a
sensitivity test to assess the robustness of the results.

For all results, a two-sided p-value of 0.05 or
less was said to be significant. All analyses were
performed using R Software and appropriate
packages.

Results

Studies included

A total of 853 references were identified from the
search strategies applied on MEDLINE and
Scopus in December 2022. After the removal of
any duplicates (n=164) from the two databases,
659 references remained. These were then assessed
for eligibility based on their title/abstract and 46 of
them were further assessed based on their full text.
Of the 46 studies, 26 responded to the inclusion cri-
teria and provided sufficient. All 31 references were
included in the systematic review,'**' and
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27 presented sufficient statistical data to be In the interventional studies with a control
included in the quantitative meta-analysis group, 10 RCTs evaluated stroke patients, 5
(Figure 1).6:1%18.21.29.32.41 studied patients with MS, and 2 RCTs with a

The characteristics of the included studies have spinal cord injury. In pre—post studies, 8 studies
been summarised in Table S1 (Supplementary focused on spinal cord injury, 3 on MS, 1 on
material). Seventeen RCTs and 14 non-RCTs stroke patients, 1 on hereditary spastic paraplegia,
were included. and 1 on different types of neuromuscular disease

Studies identified with search
Removal of duplicates

strategy n=853 >
n=164

(Medline n=283, Scopus n=570)

\ 4
Studies included in title/abstract

screening n= 659

Studies excluded n=15
\ 4

- No QoL or depression reported

Included full text studies text asroutcomestn=11

screening n= 46 - Duplicate n=2

l - Pathology not specified n=2

Studies included in the systematic
review

n= 31

v

Studies included in the meta-
analysis

n=27

Figure |. Preferred Reporting Items for Systematic Review and Meta-Analysis (PRISMA) flowchart of study selection.
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including amyotrophic lateral sclerosis and myop-
athy. A total of 1151 participants took part in
these studies.

The robotic devices used in the interventional
studies were Lokomat-Pro (4X), Lokomat (6X),
Walkbot (2x), Ekso (4x), ReWalk (1x), and one
robotic gait training system without a name
specification.

In the pre—post studies, the devices were the
Re-Walk (5x), H-MEX (1x), Lokomat (1x),
Lokomat-Pro (1x), Ekso-GR (1x), Keogh (1x),
Indego (1x), and three robotic gait training
systems without a name specification.

The number of robot-assisted gait training inter-
ventions was 2 to 7 sessions per week, with ses-
sions lasting between 30 min and 1 h for 2 to 24
weeks in RCTs. The training protocol of
non-RCTs was 3 to 5 sessions with sessions
lasting between 30 min and 6 h for 6 to 8 weeks.

Many different scales for quality of life and depres-
sion evaluation are available to assess the influence of
robot-assisted gait training. For the quality of life, the
evaluations were made using Euro-Quality of Life 5,
12-Item Short Form Survey (SF-12),** 36-Item Short
Form Survey (SF-36),** Stroke Specific Quality of
Life,” Spinal Cord Injury-Quality of Life
(SCI-QoL),* SCI-QoL Bowel Management,’
NeuroQoL,* Satisfaction With Life Scale,* and a
score evaluating life satisfaction and physical health
and psychological health. The depression scores
used were the Hamilton Depression Rating Scale
(HRS-D),”®  Psychological General Well-Being
Index,”" Patient Health Questionnaire-9,>* and Beck
Depression Inventory-II.>*

Risk of bias assessment

A high risk of bias was observed for all RCTs
regarding the blinding participants. Indeed, patients
were aware of their rehabilitation training group.
The study of Dundar et al.*>> also reported a high
risk of bias for these 3 other domains: random
sequence generation, allocation concealment, and
blinding outcome assessors. In 4 studies,'>¢4%->
randomization was unclear. These 4 studies did
not report the methodology of allocation

. 4
concealment. Two studies®®’

protocol analysis (Table S2).

In non-RCTs, the risk of bias was evaluated by
12 criteria (Table S3). Possible answers to each
question were “yes,” ‘“no,” “cannot determine,”
“not applicable,” and “not reported.” The quality
of the studies was globally satisfactory: for 5 of
the studies, 8 “yes” were attributed, to a further 6
studies 7 “yes” were given and 6 “yes” to the
remaining 2 studies. Only the study by Poritz
et al.*° demonstrated a lower quality with 3 “yes.”

conducted a per-

Quantitative synthesis

Twenty-seven studies reported sufficient informa-
tion to be included in the quantitative synthesis
using meta-analysis.

Mental health quality of life

Interventional studies using a control group

A total of 12 interventional studies reported data on
quality of life/mental health quality of life for both
interventional and control groups.'>!'>'73>415% On
combining these studies, intervention using an exo-
skeleton appeared to significantly improve the
quality of life/mental health quality of life of parti-
cipants (adjusted Hedges’g 0.72, 95% CI: 0.34-
1.10, Figure 2).

One study-removed sensitivity analysis con-
firmed a significant association between an exo-
skeleton and quality of life/mental health quality
of life (lowest Hedges g was found when removing
the study of Russo et al.*' =0.60, 95% CI 0.29—
0.92; highest Hedges g was found when removing
the study of Mustafaoglu et al.** =0.79, 95% CI
0.41-1.17).

Nevertheless, a significant heterogeneity was
found in the model (P=77%, p<0.01).
Removing studies for which mean and standard
derivation had been derived from median and inter-
quartile range (i.e. Russo et al.*' and de Luca
et al.*) did not reduce the heterogeneity of the
model (Z=74%, p<0.01).

No publication bias was found in this
meta-analysis (t=0.71, df =11, p-value = 0.49).
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Pre—post studies with no control group

A total of 11 studies using a pre—post design with
no control group reported data on quality of life/
mental health quality of life!3!% 182229
Combining these studies revealed a significant
effect of wearing an exoskeleton on quality of
life/mental health quality of life (adjusted Hedges
£=0.80, 95% CI 0.21, 1.39, Figure 3)

One study-removed sensitivity analysis con-
firmed the significant association found between
the exoskeleton and quality of life/mental health
quality of life (lowest Hedges g was found when

removing the study of Calabro et al.>=0.52,
95% CI 0.18, 0.87; highest Hedges g was found
when removing the study of Sawada et al.'*=
0.89, 95% CI 0.27, 1.51).

Nevertheless, a significant heterogeneity was
found in the model (#=87%, p<0.01). When
removing studies for which mean and standard
derivations had been derived from median and
interquartile range (i.e. Baunsgaard et al.,*
Calabro et al.,”> and Van Nes et al."*) as well as
one other study for which standard deviations
were extracted from figures (i.e. Sawada et al.'*),

Experimental Control Standardised Mean

Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
De Luca, 2020 15 270 30500 15 0.00 3.7400 Ir- 0.77 [0.02;1.52] 7.5%
Dundar, 2014 36 28.50 122000 71 14.20 11.3000 == 122 [0.79;1.66] 9.3%
Gorman, 2021 49 130 71000 49 150 5.8000 - -0.03 [-0.43;0.37] 9.5%
Kim, 2015 13 015 02800 13 0.03 0.3100 —f-'*— 0.39 [-0.38;1.17] 7.3%
Louie, 2022 19 1.50 11.6000 17 3.20 13.7000 o -0.13 [-0.79;0.52] 8.1%
Maggio, 2022 AIS-A 10 1390 72000 10 250 7.2000 i 152 [0.50;2.54] 6.0%
Maggio, 2022 AIS-B 11 880 74000 11 160 7.1300 = 095 [0.06;1.84] 6.7%
Manuli, 2020 30 11.60 10.0800 30 1.40 8.1000 = 1.10 [0.56;1.65] 8.7%
Meng, 2022 62 64.02 27.7000 61 37.60 25.7000 o 098 [061,1.36] 9.6%
Mustafaoglu, 2019 17 1420 58000 17 15.70 11.3000 =i -0.16 [-0.84;0.51] 7.9%
Russo, 2021 10 2250 7.1400 10 1.60 5.0800 i —=—— 323 [182,464] 43%
Sconza, 2021 10 530 7.0100 9 180 82000 = 044 [-047;135] 6.6%
Straudi, 2016 25 537 95800 23 160 94100 SE=e 0.39 [-0.18;0.96] 8.5%
Random effects model 307 336 <> 0.72 [0.34; 1.10] 100.0%
Heterogeneity: 12 = 77%, t° = 0.3526, p < 0.01 f T T 1

Test for overall effect: z = 3.72 (p < 0.01) 4 2 0 2 4

Figure 2. Effect of exoskeleton on mental health quality of life in interventional studies using a control group.

Experimental Control Standardised Mean

Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
Baunsgaard_chronically injured, 2018 27 7.25 0.9000 27 6.00 0.6100 = 160 [0.98;2.22] 87%
Baunsgaard_recently injured, 2018 25 6.12 1.0300 25 500 1.1700 - 1.00 [041;159] 87%
Bertolucci, 2015 13 74.50 23.1000 13 67.40 20.4000 = 0.32 [-0.46;1.09] 82%
Calabro, 2015 29 4500 3.4500 30 30.00 4.3500 —+=— 376 [290;463] 7.9%
Chun, 2019 10 58.30 7.1600 11 48.10 6.9800 —— 1.39 [0.41;2.36] 7.6%
Juszczak, 2018 50 21.30 7.6000 50 20.40 8.0000 - 0.11 [-0.28;0.51] 9.2%
Kim, 2021 10 80.00 11.5500 11 69.50 15.3600 J[—'— 0.74 [-0.15;1.63] 7.9%
Kozlowski, 2017 8 59.40 8.1500 8 57.40 7.6600 — 024 [0.75;122] 76%
McGibbon, 2021 29 70.90 20.3000 29 68.00 21.4000 - 0.14 [-0.38;0.65] 89%
Miura, 2022 10 55.80 13.3000 10 49.70 11.2000 —|—'-— 048 [-0.42;1.37] 79%
Sawada, 2022 19 47.60 9.4000 19 49.00 7.0000 o -0.17 [-0.80;0.47] 8.6%
VanNes, 2022 21 82.00 11.5000 25 79.00 12.7000 b3 0.24 [-0.34,0.82] 8.8%
Random effects model 251 258 ‘4» 0.80 [0.21; 1.39] 100.0%
Heterogeneity: /> = 87%, t° = 0.9494, p < 0.01 I T J T !

Test for overall effect: z = 2.65 (p < 0.01) 4 2 0 2 4

Figure 3. Effect of exoskeleton on mental health quality of life in pre—post studies with no control group.
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heterogeneity was no more significant (= 16%, p
=0.31).

No publication bias was found in this
meta-analysis (1= 1.55, df =10, p-value =0.1524).

Physical health quality of life

Interventional studies using a control group

A total of 13 interventional studies reported data on
quality of life/physical health quality of life for both
interventional and control groups.'>!%!734:41.54
Pooling these studies, intervention using an exo-
skeleton appeared to improve the quality of life/
physical health quality of life of participants
(adjusted Hedges’g 0.58, 95% CI 0.28, 0.88;
Figure 4).

One study-removed sensitivity analysis con-
firmed the significant association found between
the exoskeleton and quality of life/physical health
quality of life (lowest Hedges g was found when
removing the study of Russo et al.*' =0.50, 95%
CI 0.23, 0.77; highest Hedges g was found when
removing the study of Mustafaoglu et al.** =0.63,
95% CI: 0.33, 0.94).

Nevertheless, a significant heterogeneity was
found in the model (P=70%, p<0.01).
Removing studies for which mean and standard
derivation had been derived from median and

interquartile range (i.e. Russo et al.*' and De
Luca et al.*°) did not reduce the heterogeneity of
the model (22=66%, p<0.01).

No publication bias was found in this
meta-analysis (1=0.28, df =12, p-value =0.7871).

Pre—post studies with no control group

A total of 12 studies, using a pre—post design with
no control group, reported data on quality of life/
mental health quality of life.'!>'*!8212% A signifi-
cant effect of wearing an exoskeleton on quality
of life/physical health quality of life (adjusted
Hedges g=0.73, 95% CI 0.12, 1.33; Figure 5)
was found.

One study-removed sensitivity analysis con-
firmed this significant association (lowest Hedges
g was found when removing the study of Calabro
et al.>* =0.46, 95% CI 0.08, 0.85; highest Hedges
g was found when removing the study of Kim
et al.?*=0.82, 95% CI 0.19, 1.44).

Nevertheless, a significant heterogeneity was
found in the model (P=87%, p<0.0l).
Removing studies for which mean and standard
derivations had been derived from median and
interquartile range (i.e. Baunsgaard et al.>> and
Calabro et al.>*) or one for which standard devia-
tions were extracted from figure because not

Experimental Control Standardised Mean

Study Total Mean SD Total Mean sD Difference SMD 95%-Cl Weight
De Luca, 2020 15 270 30500 15 0.00 3.7400 "—— 0.77 [0.02;1.52] 6.7%
Dundar, 2014 36 26.30 11.8000 71 12.90 13.5000 ey 1.03 [0.60; 1.45] 9.3%
Gorman, 2021 49 130 71000 49 150 5.8000 =i -0.03 [-0.43;0.37] 95%
Kim, 2015 13 0.15 0.2800 13 0.03 0.3100 —{-*— 0.39 [-0.38;1.17] 6.5%
Louie, 2022 19 160 9.3300 17 0.50 7.9000 —=t 0.12 [-0.53;0.78] 7.4%
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Figure 4. Effect of exoskeleton on physical health quality of life in interventional studies using a control group.
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Figure 5. Effect of exoskeleton on physical health quality of life in pre—post studies with no control group.
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Figure 6. Effect of exoskeleton on depression in interventional studies with a control group.
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Figure 7. Effect of exoskeleton on depression in pre—post studies with no control group.
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available in the manuscript (i.e. Sawada et al.'*) did
not affect heterogeneity (2 =50%, p=0.04).

No publication bias was found in this
meta-analysis (= 1.39, df =11, p-value =0.1928).

Depression

Effect of exoskeleton on depression in interventional
studies using a control group

A total of 7 interventional studies reported data on
depression for both interventional and control
groups, ! 316:32:33:37.3840 yyhen those studies were
combined in a meta-analytical model, no significant
decrease in depression for individuals wearing
exoskeletons was found (adjusted Hedges’g
—0.45, 95% CI —0.94, 0.04; Figure 6).

A significant heterogeneity was found in the
model (2=75%, p<0.01). Removing studies for
which mean and standard derivation had been
derived from median and interquartile (i.e. De
Luca et al.** and Russo et al.*?) reduced this hetero-
geneity, but this heterogeneity remained significant
(P=48%, p=0.09). This sensitivity analysis
revealed a significant Hedges’ g of —0.66 (95%
CI —1.08, —0.24) highlighting that wearing an exo-
skeleton may have a beneficial effect on
depression.

Due to the restricted number of studies included
in this meta-analysis, publication bias was not
assessed.

Effect of exoskeleton on depression in pre—post studies
with no control group

A total of 5 studies using a pre—post design with no
control group reported data on depres-
sion.'#2%232¢2% No significant decrease in levels
of depression for individuals wearing an exoskel-
eton was found (adjusted Hedges’g —0.80, 95%
CI —-2.23, 0.63; Figure 7).

A significant heterogeneity was found in the
model (Z=94%, p<0.01). However, when remov-
ing studies for which calculations have to be done
(i.e. Kozlowski et al.*® and Calabro et al.*®), the

heterogeneity was no longer significant (i.e. P=
0%, p=10.63).

Due to the restricted number of studies included
in this meta-analysis, publication bias was not
assessed.

Narrative synthesis

Among the 31 studies included in the systematic
review, 4 could not be included in the quantitative
meta-analytic synthesis, two RCTs (Wu et al.*” and
Calabro et al.*') and two pre—post studies (Poritz
et al.*° and Platz et al.'®)

In their RCT, Wu et al. >* compared two types of
robotic training (i.e. assistance versus resistance)
and could therefore not be included in the interven-
tion vs control meta-analysis. This study showed no
beneficial impact of training on quality of life,
assessed using the SF-36 questionnaire. In the
second RCT, Calabro et al. *' compared robotic
training with virtual reality versus robotic training
without virtual reality. Because no control group
was included, this study could not be included in
the meta-analysis. Calabro et al.>' measured the
effect of interventions on depression and showed
that mood improved in both groups after interven-
tion. However, no significant group interaction
was observed.

In both pre—post studies, insufficient quantita-
tive data were available to allow statistical combin-
ation. Platz et al. ' reported a significant
improvement from the pretest to the posttest of
the SF-12 domain role physical in 7 patients with
lumbar spinal cord injury. None of the other
domains or summary measures indicated a signifi-
cant change. In the last study, Poritz et al. *°
included 10 patients with MS and showed no bene-
ficial impact of the training on HRQoL, measured
with the MS Quality of Life-54 questionnaire.

Discussion

To the best of our knowledge, this was the first time
that the impact of robot-assisted gait training on the
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quality of life and depression had been assessed
quantitatively by meta-analysis. As previously
mentioned, the efficiency of robot-assisted gait
training is often measured by an ambulation assess-
ment, but a patient must also be considered from a
holistic point of view.

The findings of this meta-analysis suggested that
rehabilitation with an exoskeleton could indeed
have a positive impact on the quality of life and
mental and physical health. This improvement
was observed in both RCTs and non-RCTs. The
positive effect could be explained by the fact that
improvement in walking is the most frequently
demanded goal of rehabilitation after stroke and
in patients with spinal cord injury.>*>> Another
explanation could be that the use of a robotic
walking device decreases secondary health impair-
ments such as spasticity and pain with a subsequent
positive impact on quality of life. Additional bene-
ficial effects of better standing and walking are
improved blood circulation, bowel and bladder
function, and reflex activity, as well as a decrease
in respiratory and cardiovascular complications,
obesity, osteoporosis, and pressure sores.>>%>’

In addition, this study has highlighted the fact
that the use of robotic devices does not reduce
depression in patients with neurological impair-
ment. One explanation could be that the results
are less representative considering that only 7 and
5 studies were included, respectively, for the
RCTs and non-RCTs. Nevertheless, by performing
a sensitivity analysis in RCTs excluding the study
of Russo et al.*' and De Luca et al.,** a positive
impact on depression was observed. The remaining
studies evaluated the depression score after 2 to 8
weeks. On the other hand, in the RCT of Russo
et al.,*! the evaluation by HRS-D was done after
18 weeks. This suggests that robot-assisted gait
training may decrease depression in the short-term,
but that the benefits do not persist long-term.

In the literature, many patients reported
improved self-image, eye-to-eye-interpersonal
contact, and life independence with robotic

devices.” This observation mainly applied to

overground exoskeletons which are intended to be
used as assistive devices in day-to-day activities.
Nevertheless, the use of overground exoskeletons
at home is not yet common because most of the
time patients require supervision and the cost is
still high.*>*° One meta-analysis which analyzed
14 exoskeleton studies, demonstrated that only
76% of patients could successfully use an over-
ground exoskeleton without physical assistance.’®
However, at the current time, overground exoskele-
tons are the only rehabilitation devices used in hos-
pitals, and the studies only assessed the quality of
life and depression scores after the rehabilitation
program. The question of whether the positive
impact persists once robot-assisted gait training
has finished or, whether its use has negative long-
term effects on patients’ well-being still needs to
be answered.

In this meta-analysis, studies using grounded
and wearable exoskeletons were included. A posi-
tive impact on quality of life was observed in robot-
assisted gait training with both types of exoskele-
tons. It was observed that in RCTs, the use of
grounded exoskeletons was clearly predominant
and that in pre—post studies the robot-assisted gait
training was mostly realized with overground exos-
keletons. There is a lack of studies comparing
grounded and overground exoskeletons and their
impact on walking ability and quality of life.
Moreover, there remains a need for differentiation
of these devices and analysis to determine
whether one of these has a greater impact on the
quality of life. All these devices are interesting
tools for gait rehabilitation, but do not replace a
conventional rehabilitation program.

As demonstrated, robot-assisted gait training is
an excellent rehabilitation device with a potential
impact on the quality of life of patients displaying
neurological impairment, especially following
spinal cord injury or stroke. There are, however,
fewer studies reporting on MS and myopathies.
Despite this, the use of exoskeletons will probably
become more and more frequent in the future with
applications in different pathologies.
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In much the same way as with every study, the
present meta-analysis has some limitations that
should be considered when interpreting the
results. First, an important heterogeneity of the
results can be observed. This heterogeneity could
be explained by the fact that different pathologies
presenting more than one mechanism of walking
impairment were included in this work.
Furthermore, the protocols of robot-assisted gait
training in RCTs varied in duration, ranging
between 2 and 24 weeks, and in frequency, from
2 to 7 times per week. Unfortunately, an insuffi-
cient number of studies were included to allow
the realization of subgroup analyses to investigate
the source of heterogeneity. A second limitation
of this meta-analysis was a lack of evidence of
the studies with no control group. In addition, in
RCTs, patients were unblinded which could have
reduced internal validity. Thirdly, these results
make it impossible to determine whether the
improvement of parameters was due to the robot-
assisted gait training or only to a rehabilitation
intervention. Indeed, in 5 RCTs, an improvement
in quality of life and depression was observed,
but without a significant difference between the
experimental and control group. Also, the majority
of studies proposed a short-term follow-up. The
evaluations were performed on average after 7.6
weeks of training with only three studies proposing
a longer duration of treatment (i.e. between 18 and
24 weeks**>%*!) No study offered a follow-up
after stopping rehabilitation treatment and it was,
therefore, impossible to predict whether the posi-
tive effect persists. Finally, none of the articles
mentioned whether the patients benefitted, simul-
taneously, from another rehabilitation or drug treat-
ment (anti-spastic, pain-relieving medication,
antidepressants, etc.)

Conclusions

Findings from this study suggest that robot-assisted
gait training, including grounded and wearable
exoskeletons, could improve the quality of life of
patients with neurological impairment. The
impact was observed immediately following

robotic training although no long-term follow-up
was carried out in the different studies. A positive
impact on depression was also observed in the
short term (after 7-8 weeks of training).

Clinical messages

e Based on the results of 26 interventional
studies including patients with neuro-
logical impairments, a significant improve-
ment of both the mental component and the
physical component of health-related
quality of life was observed following
robot-assisted gait training.

e The question of whether the positive
impacts of robot-assisted gait training on
health-related quality of life persist once
robot-assisted gait training has finished
or, whether its use has negative long-term
effects on patients’ well-being still needs
to be answered.

e Based on the results of 12 interventional
studies including patients with neuro-
logical impairments, no improvement in
depression was observed following robot-
assisted gait training.

Acknowledgements

The authors would like to thank the Fonds CNRF and
Léon Fredericq from the Fondation.

Declaration of conflicting interests

The author(s) declared no potential conflicts of interest
with respect to the research, authorship, and/or publica-
tion of this article.

Funding

The author(s) received no financial support for the
research, authorship, and/or publication of this article.

Availability of material

Under request to the corresponding authors.



den Brave et al.

13

ORCID iD

Meike den Brave

https:/orcid.org/0000-0002-5073-

434X

Supplemental material

Supplemental material for this article is available online.

References

1.

. Cochrane

Stolze H, Klebe S, Baecker C, et al. Prevalence of gait dis-
orders in hospitalized neurological patients. Mov Disord
2005; 20: 89-94.

. Rodriguez-Fernandez A, Lobo-Prat J and Font-Llagunes

JM. Systematic review on wearable lower-limb exoskele-
tons for gait training in neuromuscular impairments. J
Neuroeng Rehabil 2021; 18: 1-21.

. Fang CY, Tsai JL, Li GS, et al. Effects of robot-assisted gait

training in individuals with spinal cord injury: A
meta-analysis. Biomed Res Int 2020; 2020: 2102785.

. Wang L, Zheng Y, Dang Y, et al. Effects of robot-assisted

training on balance function in patients with stroke: A sys-
tematic review and meta-analysis. J Rehabil Med 2021; 53:
jrm00174.

. Nedergird H, Arumugam A, Sandlund M, et al. Effect of

robotic-assisted gait training on objective biomechanical
measures of gait in persons post-stroke: A systematic
review and meta-analysis. J Neuroeng Rehabil 2021; 18: 64.

. Bowman T, Gervasoni E, Amico AP, et al. What is the

impact of robotic rehabilitation on balance and gait out-
comes in people with multiple sclerosis? A systematic
review of randomized control trials. Eur J Phys Rehabil
Med. Edizioni Minerva Medica 2021; 57: 246-253.
Handbook for Systematic Reviews of
Interventions | Cochrane Training. [cited 13 Dec 2022],
https:/training.cochrane.org/handbook.

. Morrison A, Polisena J, Husereau D, et al. The effect of

English-language restriction on systematic review-based
meta-analyses: A systematic review of empirical studies.
Int J Technol Assess Health Care 2012; 28: 138—144.

. Higgins JPT, Altman DG, Getzsche PC, et al. The Cochrane

Collaboration’s tool for assessing risk of bias in randomised
trials. BMJ 2011; 343: d5928.

. Cantrell A, Croot E, Johnson M, et al. Access to primary and

community health-care services for people 16 years and
over with intellectual disabilities: A mapping and targeted
systematic review. Health Serv Deliv Res 2020; 8: 1-142.

. Hozo SP, Djulbegovic B and Hozo I. Estimating the mean

and variance from the median, range, and the size of a
sample. BMC Med Res Methodol 2005; 5: 13.

. Sconza C, Negrini F, di Matteo B, et al. Robot-assisted gait

training in patients with multiple sclerosis: A randomized
controlled crossover trial. Medicina (Lithuania) 2021; 57: 713.

. van Nes [JW, van Dijsseldonk RB, van Herpen FHM, et al.

Improvement of quality of life after 2-month exoskeleton
training in patients with chronic spinal cord injury. J

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Spinal Cord Med 2022: 1-7. doi:10.1080/10790268.2022.
2052502.

. Sawada T, Okawara H, Matsubayashi K, et al. Influence of

body weight-supported treadmill training with voluntary-
driven exoskeleton on the quality of life of persons with
chronic spinal cord injury: A pilot study. /nt J Rehabil
Res 2021; 44: 343-349.

. Maggio MG, Naro A, de Luca R, et al. Body representation

in patients with severe spinal cord injury: A pilot study on
the promising role of powered exoskeleton for gait training.
J Pers Med 2022; 12: 619. doi:10.3390/jpm12040619.
Louie DR, Mortenson WB, Durocher M, et al. Efficacy of
an exoskeleton-based physical therapy program for non-
ambulatory patients during subacute stroke rehabilitation:
A randomized controlled trial. J Neuroeng Rehabil 2021;
18: 149.

Meng G, Ma X, Chen P, et al. Effect of early integrated
robot-assisted gait training on motor and balance in patients
with acute ischemic stroke: A single-blinded randomized
controlled trial. Ther Adv Neurol Disord 2022; 15, 1-10
doi:10.1177/17562864221123195.

Miura K, Tsuda E, Kogawa M, et al. Effects of gait training
with a voluntary-driven wearable cyborg, hybrid assistive
limb (HAL), on quality of life in patients with neuromuscu-
lar disease, able to walk independently with aids. J Clin
Neurosci 2021; 89: 211-215.

Platz T, Gillner A, Borgwaldt N, et al. Device-training for
individuals with thoracic and lumbar spinal cord injury
using a powered exoskeleton for technically assisted mobil-
ity: Achievements and user satisfaction. Biomed Res Int
2016; 2016: 8459018.

Poritz J, Patterson L, Tseng SC, et al. Evaluation of quality
of life measures for wearable robotic therapy in individuals
with neurological disability: A preliminary report. In: 2017
international symposium on wearable robotics and rehabili-
tation, WeRob, Houston, TX, USA, 2017, pp. 1-2.

Tsai CY, Asselin PK, Hong E, et al. Exoskeletal-assisted
walking may improve seated balance in persons with
chronic spinal cord injury: A pilot study. Spinal Cord Ser
Cases 2021; 7: 20.

Juszczak M, Gallo E and Bushnik T. Examining the effects
of a powered exoskeleton on quality of life and secondary
impairments in people living with spinal cord injury. Top
Spinal Cord Inj Rehabil 2018; 24: 336-342.

Calabro RS, de Cola MC, Leo A, et al. Robotic neuroreh-
abilitation in patients with chronic stroke: Psychological
well-being beyond motor improvement. /nt J Rehabil Res
2015; 38: 219-225.

McGibbon C, Sexton A, Gryfe P, et al. Effect of using of a
lower-extremity exoskeleton on disability of people with
multiple sclerosis. Disabil Rehabil: Assist Technol 2021:
1-8. doi:10.1080/1783107.2021.1874064.

Baunsgaard CB, Nissen UV, Brust AK, et al. Exoskeleton
gait training after spinal cord injury: An exploratory study
on secondary health conditions. J Rehabil Med 2018; 50:
806-813.


https://orcid.org/0000-0002-5073-434X
https://orcid.org/0000-0002-5073-434X
https://orcid.org/0000-0002-5073-434X
https://training.cochrane.org/handbook
https://training.cochrane.org/handbook
https://doi.org/10.1080/10790268.2022.2052502
https://doi.org/10.1080/10790268.2022.2052502
http://dx.doi.org/10.3390/jpm12040619
https://doi.org/10.1177/17562864221123195
https://doi.org/10.1080/1783107.2021.1874064

Clinical Rehabilitation 0(0)

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

Bertolucci F, di Martino S, Orsucci D, et al. Robotic gait train-
ing improves motor skills and quality of life in hereditary
spastic paraplegia. NeuroRehabilitation 2015; 36: 93-99.
Chun A, Asselin PK, Knezevic S, et al. Changes in bowel
function following exoskeletal-assisted walking in persons
with spinal cord injury: An observational pilot study.
Spinal Cord 2020; 58: 459.

Kim HS, Park JH, Lee HS, et al. Effects of wearable powered
exoskeletal training on functional mobility, physiological
health and quality of life in non-ambulatory spinal cord
injury patients. J Korean Med Sci 2021; 36: 1-15.
Kozlowski AJ, Fabian M, Lad D, et al. Feasibility and safety
of a powered exoskeleton for assisted walking for persons
with multiple sclerosis: A single-group preliminary study.
Arch Phys Med Rehabil 2017; 98: 1300-1307.

Wu M, Landry JM, Kim J, et al. Robotic resistance/assist-
ance training improves locomotor function in individuals
poststroke: A randomized controlled study. Arch Phys
Med Rehabil 2014; 95: 799-806.

Calabro RS, Russo M, Naro A, et al. Robotic gait training in
multiple sclerosis rehabilitation: Can virtual reality make the
difference? Findings from a randomized controlled trial. J
Neurol Sci 2017; 377: 25-30.

Russo M, Dattola V, de Cola MC, et al. The role of robotic
gait training coupled with virtual reality in boosting the
rehabilitative outcomes in patients with multiple sclerosis.
Int J Rehabil Res 2018; 41: 166-172.

Park C, Oh-Park M, Dohle C, et al. Effects of innovative
hip-knee-ankle interlimb coordinated robot training on
ambulation, cardiopulmonary function, depression, and
fall confidence in acute hemiplegia. NeuroRehabilitation
2020; 46: 577-587.

Taveggia G, Borboni A, Mulé C, et al. Conflicting results of
robot-assisted versus usual gait training during postacute
rehabilitation of stroke patients: A randomized clinical
trial. Int J Rehabil Res 2016; 39: 29.

Dundar U, Toktas H, Solak O, et al. A comparative study of
conventional physiotherapy versus robotic training com-
bined with physiotherapy in patients with stroke. Top
Stroke Rehabil. 2015; 21: 453-461.

Gorman PH, Forrest GF, Asselin PK, et al. The effect of
exoskeletal-assisted walking on spinal cord injury bowel
function: Results from a randomized trial and comparison
to other physical interventions. J Clin Med 2021; 10: 64.
Manuli A, Maggio MG, Latella D, et al. Can robotic gait
rehabilitation plus virtual reality affect cognitive and behav-
ioural outcomes in patients with chronic stroke? A rando-
mized controlled trial involving three different protocols. J
Stroke Cerebrovasc Dis 2020; 29: 104994.

Straudi S, Fanciullacci C, Martinuzzi C, et al. The effects of
robot-assisted gait training in progressive multiple sclerosis:
A randomized controlled trial. Mult Scler 2016; 22: 373-384.
Mustafaoglu R, Erhan B, Yeldan I, et al. Does robot-assisted
gait training improve mobility, activities of daily living and
quality of life in stroke? A single-blinded, randomized con-
trolled trial. Acta Neurol Belg 2020; 120: 335-344.

40.

41.

42.

43.

44,

45.

46.

47.

48.

49.

50.

S1.

52.

53.

54.

55.

56.

de Luca R, Maresca G, Balletta T, et al. Does overground
robotic gait training improve non-motor outcomes in
patients with chronic stroke? Findings from a pilot study.
J Clin Neurosci 2020; 81: 240-245.

Russo M, Maggio MG, Naro A, et al. Can powered exoske-
letons improve gait and balance in multiple sclerosis? A
retrospective study. Int J Rehabil Res 2021; 44: 126-130.
The EuroQol Group. EuroQol—a new facility for the meas-
urement of health-related quality of life. Health Policy
(New York) 1990; 16: 199-208.

Ware JE, Kosinski M and Keller SD. A 12-item short-form
health survey: Construction of scales and preliminary tests
of reliability and validity. Med Care 1996; 34: 220-233.
‘Ware JEJr, Sherbourne CD, Ware JJ, et al. The MOS 36-item
short-form health survey (SF-36). 1. Conceptual framework
and item selection. Med Care. 1992; 30: 473-483.

Williams LS, Weinberger M, Harris LE, et al. Development
of a stroke-specific quality of life scale. Stroke 1999; 30:
1362-1369.

Tulsky DS and Kisala PA. The spinal cord injury — quality
of life (SCI-QOL) measurement system: Development, psy-
chometrics, and item bank calibration. J Spinal Cord Med
2015; 38: 51.

Tulsky DS, Kisal PA, Tate DG, et al. Development and psy-
chometric characteristics of the SCI-QOL bladder manage-
ment difficulties and bowel management difficulties item
banks and short forms and the SCI-QOL bladder complica-
tions scale. J Spinal Cord Med 2015; 38: 288-302.

Cella D, Lai JS, Nowinski CJ, et al. Neuro-QOL: Brief mea-
sures of health-related quality of life for clinical research in
neurology. Neurology. 2012; 78: 1860.

Diener E, Emmons RA, Larsem RJ, et al. The satisfaction
with life scale. J Pers Assess 1985; 49: 71-75.

Hamilton M. A rating scale for depression. J Neurol
Neurosurg Psychiatry 1960; 23: 56-62.

Grossi E and Compare A. Psychological general well-being
Index (PGWB). In: Michalos AC (ed) Encyclopedia of
quality of life and well-being research. Netherlands:
Springer, 2014, pp. 5152-5156.

Williams LS, Brizendine EJ, Plue L, et al. Performance of
the PHQ-9 as a screening tool for depression after stroke.
Stroke 2005; 36: 635-638.

Hubley AM. Beck depression inventory. In: Michalos AC
(ed) Encyclopedia of quality of life and well-being
Research. Netherlands: Springer, 2014, pp. 338-345.

Kim SY, Yang L, Park 1J, et al. Effects of innovative
WALKBOT robotic-assisted locomotor training on
balance and gait recovery in hemiparetic stroke: A prospect-
ive, randomized, experimenter blinded case-control study
with a four-week follow-up. IEEE Trans Neural Syst
Rehabil Eng 2015; 23: 636-642.

Louie DR, Eng JJ and Lam T. Gait speed using powered robotic
exoskeletons after spinal cord injury: A systematic review and
correlational study. J Neuroeng Rehabil 2015; 12: 82.

Baylor C, Yorkston K, Jensen M, et al. Scoping review of
common secondary conditions after stroke and their



den Brave et al.

15

57.

associations with age and time post stroke. 2014;21:371—
382.

Jensen MP, Truitt AR, Schomer KG, et al. Frequency and age
effects of secondary health conditions in individuals with spinal
cord injury: A scoping review. Spinal Cord 2013; 51: 882-892.

58. Miller LE, Zimmermann AK and Herbert WG. Clinical
effectiveness and safety of powered exoskeleton-assisted
walking in patients with spinal cord injury: Systematic
review with meta-analysis. Med Devices (Auckl) 2016; 9:
455-466.



	 Introduction
	 Methods
	 Strategy for data synthesis
	 Results
	 Studies included
	 Risk of bias assessment
	 Quantitative synthesis
	 Mental health quality of life
	 Interventional studies using a control group
	 Pre–post studies with no control group

	 Physical health quality of life
	 Interventional studies using a control group
	 Pre–post studies with no control group

	 Depression
	 Effect of exoskeleton on depression in interventional studies using a control group
	 Effect of exoskeleton on depression in pre–post studies with no control group

	 Narrative synthesis

	 Discussion
	 Conclusions
	 Acknowledgements
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


