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New medical technology: Cybernic treatment as
a functional regenerative treatment

CYBERDYNE, Inc. develops
products and services based on
cybernic technologies in the fields
of medicine, welfare, personal
care, business and labour support.
CYBERDYNE, Inc. was founded

in 2004 by Yoshiyuki Sankai,

of the University of Tsukuba in
Ibaraki Prefecture, Japan, who
established cybernics; afield that
isdefined as the fusion of humans,
robots and information systems.
Under the philosophy that
technology exists for humans and
society, the company promotes
social innovationwith innovative
cybernicsystems. One of its

novel products, the world’s first
cyborg-typerobot, HAL®, can be
controlled by intention-based
bioelectrical signals generated

by neural activity toregenerate, -
improve, support and expand the
wearer's physical, brain and nerve
functions.

he cyborg-type robot
T HAL is a cybernic system

developed for the purpose
of regenerating and improving patients’ brain—
neuro-physical functions. HAL is equipped
with the cybernic treatment control systemand
includes the following: cybernic voluntary control,
vivhichis a function based on bioelectrical signals
derived from a person’s brain and nervous system
thatreflect an intended movement; cybernic
autonomous control, which is a function based
on processing by artificial intelligence; cybernic
impedance control, whichis a function that adjusts
to the wearer's individual characteristics; and a
cybernic hybrid control system that combines all
three functions.

The world’s first robotic treatment device,
medical HAL, was demonstrated in a good clinical
practice-adherent clinical trial’ led by Takashi
Nakajima of the National Hospital Organization,
Niigata National Hospital in Japan. The trial
was conducted in ten facilities to target slow,
progressive, rare neuromuscular diseases: spinal
muscular atrophy, spinobulbar muscuiar atrophy,
amyotrophic lateral sclerosis, Charcot-Marie-Tooth
disease, distal myopathy, inclusion body myositis,
congenital myopathy and muscular dystrophy.
The world's first robotic treatment to be paid for
using public health insurance began in Japanin
September 2016. In Germany, clinical evaluations
targeting spinal cord injurieswere conducted using
results from reséarch led by Thomas Schildhauer.
Public worker's compensation insurance in
Germany has been covering the treatment for
people with spinal cord injuries since August 2013.

In the treatment using HAL, clear differencesin
the active areasofthebrain were observed before
and after treatment. Cybernic treatment can be
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Figure 1. The principle of HAL. Clear differences in the active areas of (top left) the
brain of a person with cerebral infarction and (bottom left) spinal sections of the
implant and control rats.

categorized as a functional regenerative treatment
and has been made possible only by HALs ability to
simultaneously realize informational and physical
interactions between the human and HAL to
functionally integrate humans and robots. HAL's
presence between the patient’s brainand his or
her nervous and musculoskeletal systéms allows
the establishment of interactive biofeedback

{iBF). The iBF adjusts or strengthens the synaptic
connections between the brain, nervous system
and musculoskeletal system, and promotes
neuroplasticity to restructure the connectome,
which is the network of neural connections in the
human brain.

Medical technology developed using cybernics
is known as medical cybernics. New treatment
methods that include combinations of HAL
and regenerative medicine, HAL and implanted
devices, and HAL and pharmaceuticals are
being developed.

The combination of HAL and regenerative
medicine, which we call cybernic treatment with
stem cells, will combine cutting-edge medical
technologies. For example, when used to treat
people with a spinal cord injury the physical
reparation effects of regenerative medicineand
thefunctional regeneration effects of HAL are
expected to be more effective in combination
than if each treatment were to be used alone. Such
promising regenerative medicine includes, but is
not limited to, autologous bone marrow-derived
mesenchymalstem cells (in research led by Osamu
Honmouy), Muse cells (in research led by Mari
Dezawaj and surgically transplanted autologous
stemcells.

The combination of HAL and
pharmaceuticals is called cybernic
treatment with drugs. Botox
injections were administered to
patients who experience severe
contractures because of stroke
or encephalomyelitis. The use of
HAL when the botox injection
was providing relief from the

5 contractures resulted in the
reestablishment and improvement
of the patients'voluntary
movements (in collaborative
research with Ryuji Kaji).

To study cybernic treatment
with devices, which combines
HAL and implanted devices,
basic science research on nerve
connectivity was conducted on
ratsthathad 5 mm oftheir spinal
cords removed. By implanting
a three-dimensional scaffold
structuremadeofnanofibre
hydrogel and a honeycomb-
structured collagen sponge,
the nerves were successfully
reconnected covering this 5
mm gap (Figure 1,ref.2). We are
planning to use HAL in the next

step to confirm the effects of this combination.

HAL can extract faint information from the
brain and nervous system that reflects the intent
of the wearer, process the input and output, and
monitor the state of the patient’snervousand
musculoskeletal systems. In otherwords, HAL is
able to cover both the treatment and evaluation
aspects of medicine and has the potential to take
over medicine for patients with brain, nerve and
muscle diseases. Through the next generation of
medical technology, such as HAUs combination
with regenerative medicine, implanted devices and
pharmaceuticals, and through the development
of cybernic treatment as the future of medicine,
energetic physicians, researchers and business
entrepreneurs are creating markets in the medical
field and starting a new era of medical innovation.
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Voluntary driven exoskeleton as a new tool for

Rehabilitation in chronic SCI — A pilot study

Abstract

Background context: Treadmill training after traumatic SCI has becom

therapy to improve walking capabilities. The hybrid assistive limb (HAI;é@‘)fe‘xoskeleton has

been developed to support motor function and is tailored to the patié%;ts’f”yolﬁntary drive.

Purpose: To determine whether locomotor training with thé _exés"lééiéton HAL® is safe to use

and can increase functional mobility in chronic paraplegic f;atiepté after SCI.

Design: Involved Departments: Dept. of Spinal Cordlnllury, Neurology and General and

Trauma Surgery at the University Hospital Bergmangs'heil Bochum, Germany.

A single case experimental A-B (pre-post) de51gn é’tﬁdy by repeated assessments of the same

patients. The subjects performed 90 days (5 times per week) of HAL® exoskeleton body

weight supported treadmill BWSTT) with variable gait speed and body weight

support.

Patient Sample: 8 patients with chronic SCI classified by the ASIA Impairment Scale (AIS)

consisting of ASIA A (ZPP L3;S] ) n=4, ASIA B (with motor ZPP L3-S7) n=I and ASIA C/D
L -+abilitation in the acute and sub acute phase of SCI.

Outcome Mew unctional measures including treadmill associated walking distance, -

(10 MWT), timed-up-and-go test (TUG test), 6-minute-walk test (6 MWT) and the WISCI II
score. Secondary physiologic measures including the AIS with the LEMS, the Spinal

spasticity (Ashworth Scale) and the lower extremity circumferences.
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Methods: Subjects performed standardized functional testing prior to and after the 90 days of
intervention.

Results: Highly significant improvements of HAL®-associated walking time, -distance, -and
speed. Furthermore significant improvements have been especially shown in the functional
abilities without the exoskeleton for over ground walking obtained in the 6MW.

and the 10MWT, including an increase in the WISCI II

strength (LEMS) increased in all patients accompanied lower limb
circumferences. A conversion in the AIS was ascertained in one patient

One patient reported a decrease of spinal spasticity.

Conclusion: HAL® exoskeleton training results in impro walking and leads
to the assumption of a beneficial effect on ambulatory mobility. However evaluation in larger

clinical trials is required.

Introduction

About 1.200 people suffer a traumatic spinal cord injury (SCI) each year in Germany. Recent
statistics indicate that more than 50% of these injured patients have a motor incomplete
lesion.! In patients with _ir‘ii’t:ia‘ii%motor incomplete SCI, at least 75% regain some kind of
ambulatory function.,Bet:fe:rffunctional outcome is associated with age, level of lesion and the
classification in the American Spinal Injury Association (ASIA) Impairment Scale.” In the
first two mo{r};thfi after initial SCI approximately half of the recovery occurs. Within the
following four vr’r‘,rylo‘xklth a decreasing rate of recovery has been observed. One year after injury,
neurologic recovery is assumed to be nearly complete.> Although conventional rehabilitation
programs enhance the performance of functional tasks, the loss of strength and coordination

substantially limits one’s capacity for over ground ambulation training.* In the past two
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decades, body weight supported treadmill training (BWSTT) has been proposed as a useful
adjunct to enhance locomotor function after motor incomplete SCL’> In patients with
incomplete or complete SCI, a bilateral leg muscle activation combined with coordinated
stepping movements can be induced in partially unloaded patients, standing on a moving
treadmill. BWSTT enables early initiation of gait training, integration of wg:if"gh_t-bearing
activities, stepping and balance by the use of a task-specific approach and

pattern.® To facilitate the delivery of BWSTT in SCI patients, the locomotor tr.

over the last twelve years and a motorized robotic driven gait ertho

developed.” The advantages over conventional BWSTT methojc’lim}

effort for attending physiotherapists®, longer duration, more phyéidlogical and reproducible

out that DGO training improves over ground walk’ing;gf13 However, there was no reported
switch in the ASIA classification has not been found.'*"

Over the last five years exoskeletal ecame available for SCI patients. These systems
offer different possibilities. Threé exoskeletons (Ekso®, Rex® and Re-Walk®) allow SCI
patients to stand up, walk defined pattern and even climbing stairs mainly on a basis of
passive range of motion (ROM). The exoskeleton HAL® (Cyberdyne Inc., Japan) offers the
possibility of gettiqg connected with the SCI patient through emg-electrodes on the skin at the
extensor/flexor muscle region of the lower extremities. This allows voluntary machine
supported ROM of incomplete SCI patients by using minimal bioelectrical signals recorded
and amplified from hip and knee flexors and extensors.'®'® More recently, these various
exoskeletal systems allow patients mobilization outside the treadmill. A former study by

Kawamoto et al. concerning locomotion improvement using hybrid assistive limb (HAL) in
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chronic stroke patients, emphasized the feasibility for rehabilitation of these particular
patients."

The aim of this pilot study was to evaluate the possibilities of exoskeletal locomotor training
(HAL®, Cyberdyne Inc.) under voluntary control and to identify beneficial effects on
functional mobility of the patients. The hypothesis was that exoskeleton treadmill training is
feasible and safe in application and capable of improving ambulatory mobili chronic SCI

patients.

Materials and Methods

Patients

We enrolled 8 patients (two females, six males). The mean:I: standard deviation (SD) age at

the time of enrolment was 48+9,43 years. All p ere in the chronic stage of traumatic
spinal cord injury according to time since i of 1 to 19 years (97,2+88,4 months).
Inclusion criteria were traumatic SCI ronic incomplete paraplegia (ASIA B/C/D) or

complete paraplegia (ASIA A) aftgr lesions of the conus medullaris/ cauda equine with zones
of partial preservation (ZPP). Iﬁaépendent of ASIA classification the enrolled patients must

d knee extensor and flexor muscle groups in order to be able
to trigger the exoskeleto clusion criteria were as follows: Non traumatic SCI, pressure
sores, severe limitatfé}nf of 'range of motion (ROM) regarding hip and knee joints, cognitive
impairment, bociy weight > 100kg, non consolidated fractures and mild or severe heart
insufficiency. Two patients suffered from an incomplete thoracic SCI (ASIA C/D) since 3 to
13 years. 2 patients suffered from an incomplete lumbar SCI (ASIA B/C) since 12 to 13
months and 4 patients had a complete SCI with ZPP in L3-S1 after lesions of the conus

medullaris. The classification according to the American Spinal Injury Association was
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carried out before the treadmill training was initiated. The study was approved by Ethical
Board Committee of Bergmannsheil Hospital and the University of Bochum and followed
strictly the declaration of Helsinki.

All patients provided written informed consent. The study design was a single case
experimental A-B (pre-post) design by repeated assessments of the same patients

[Table 1]

Intervention

During this study the patients underwent a body weight training
(BWSTT) five times per week using the HAL® exoskeleton ‘(Cyberdyne Inc., Japan). The
studsl was performed between June and September. k‘2,,,(.)13_;~,in the BG University Hospital
Bergmannsheil, Bochum.

Neither adverse nor severe adverse events occ

The Exoskeleton: The HAL® robot spit (Cyberdyne Inc., Japan) is an exoskeleton with a
frame and robotic actuators that attach to patients” legs. The joint movement is supported by
electric motors. Voluntary i ed minimal bioelectrical signals recovered from extensor and
2ee are detected via emg-electrodes.

[Figurel]

' onnection between exoskeleton and patient this system allows voluntary
robotic suppo ROM (CVC mode). Also a passive, non voluntary ROM (CAC mode) is
possible.

[Figure 2]
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The Treadmill: The treadmill system (Woodway Inc.) includes a body weight support system
with a harness. The speed can be adjusted from 0 km/h to approximately 4,5 km/h. During
treatments, the velocity of the treadmill was set individually between comfortable and
maximum speed tolerated by the patients. Approximately 50 % of each patient’s body weight
needed to be supported by the harness system, individually reduced during t

sessions as tolerated without substantial knee buckling or toe drag.

The training: The patients underwent a 90 days period of HAL

Inc.) training (5 per week) , including a mean number of sessions .75%5.6. The training
was performed on a treadmill with individually adjustable body weight support and speed,
recording walking speed, walking time and walking distance. It included a 10-m-walk-test
before and after each session, regular physiotherap;y. and lasted approximately 90 min. The

training was supervised by a physiotherapist ical doctor.

Measurements

Walking capabilities and neurological status: All patients were assessed upon admission by
medical doctors involved in this trial. The outcomes were assessed by physiotherapists neither
involved in study design nor analysis after 45 days and upon discharge from the training

period. An assessmetg through the ASIA classification was already done upon admission and

initial therapy  =r acute SCI. The 10-m-walk-test (1I0MWT), done before and after each

session, detected the needed time, the number of steps and the required assistance to walk a

10 m distance.”®?! The timed-up-and-go-test (TUG-Test) describes the time and assistance
required for standing up from the wheelchair, walk 3 meter, turn around, walk back and sit

down. It was performed every 2 weeks. The 6-minute-walk-test (6MWT) was done at the

6
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beginning, at half time and at the end if possible, depending on the patient. It evaluates the
distance and assistance while walking 6 minutes.”> The main outcome was the functional
motor assessment by the walking index for SCI I (WISCI II).>*** The WISCI II score is a 20
item scale measuring the walking capabilities of a patient based on the requirements of
assistance due to walking aids, personal assistance or braces. Grade 0 means thaf:l;vtnlie patient
has neither standing nor walking abilities. Grade 20 means that no assista s neéded to
walk a distance of 10 meters. The neurological status was asses

Impairment scale modified from the Frankel classification

score (LEMS) acquired in this study was obtained by addi ‘o
of the lower extremity key muscles of both sides. Muscle volume was assessed by manual

measurements 20/10 cm above and 15 cm below inner kneé gap.
Statistical analysis: Descriptive analysis of;the demographic and injury characteristics was

Differences between pre- and _post-training sessions were assessed by a paired t-test (for
continuous variables). Treatment effects on functional performance as the WISCI II are all

re used as descriptive statistics for these outcomes, and non-
parametric tests wer= d to assess the relative effect of the treatments.

Results were coﬁgidercd statistically significant when the P-value was <0.05.

Study funding
There has been no monetary study funding. The study was supported by a grant and has been

supervised by the staff of BG University Hospital Bergmannsheil Bochum.



10

11

12

13

14

15

16

17

18

19

20

21

22

23

24

25

Conflict of Interest

YS is a founder, shareholder and the CEO of Cyberdyne Inc. which produces the HAL.

Cyberdyne was neither involved in study funding, design, data collection, analysis, nor writing or
submitting this article, therefore concluding in no specific influence on the trial. We certify that no
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Results

Treadmill associated results:

All patients improved in treadmill training by using HAL® a(:‘C”””yb/e’k’:rdyne Inc., Japan). The
mean walking speed increased from 0.91+0.41 m/s (0.5- /s) in the first session up to
1.59+0.5 m/s (0.8-2.1 m/s) in the last session after three month. The progress in speed in the
period after 6 weeks of training was lower th= ,,,,tyhe first weeks. The range was located
between 0 km/h and 0.8 km/h. The mean walking time at the beginning was 12.37+4.55 min.
The average walking time at the end was 31.97+9.45 min. The mean ambulated distance at
the first session was 195.9+1 increased to 954.13+£380.4 m upon discharge.

[Figure 3]

Functional outcome:

Although the ‘mprovement concerning the WISCI II score was not statistically
significant, t tients showed functional improvements in gait abilities. Two subjects
needed braces, a walker and support by a physiotherapist at the beginning, and were able to
walk after the training series only with a walker and braces (WISCI II score increased from 6
to 9). One Patient increased from 9 to 12 and therefore was able to walk with two crutches
and a brace compared to a walker and a brace before the training. At baseline the mean

8
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WISCI II score was 10+4.3. At the end of the 90 days trial the mean WISCI II was
11.13+£6.68. Improvements in speed and endurance in over ground gait assessments in all
participants have been achieved. The 10MWT showed a significant increase in mean gait
speed at the end of the training period compared to baseline (0.28+0.28 m/s vs. 0.50+0.34
m/s).

[Figure 4]

The improvement corresponded to a 44 % faster walking than in initial _evaluation. It includes
also the reduction of support needed detected by the WISCI II score. .

steps decreased from 29.8+7.85 to 19.4+3.16. We observed si increase in gait speed
from pre training to mid training and from mid training t

results were detected for the TUG-Test. The mean ti

of 6 minutes without any break. Only three patients were able to perform the 6MWT before

the training with a mean walking distance of 187+162.2 m. The subjects in this subgroup

completing the training, all eight atients could be evaluated, therefore the overall mean
distance increased from 70.1£130 m to 163.3+160.6 m.

[Table 2] |

The LEMS incre/as'cyd‘ 1n all patients. The mean LEMS before the training increased
significantly froﬁ; 21 75+8.3t0 24.38+7.6 after the intervention.

[Figure 5]

One patient switched in the ASIA Scale from ASIA B to C, he was at the beginning of the

training 12 months post trauma.

Others:



10

11

12

13

15

16

17

18

19

20

21

22

23

24

To describe muscle volume, measurements of the circumferences 10/20 cm cranial of the
inner knee joint gap and 15 cm distal of it have been done before and after the 90 days of
training. Seven participants showed a gain of muscle circumference from 5 mm up to 50 mm.
In one participant with edema in his lower legs we observed a loss of circumference up to 25
mm. One patient suffering from a thoracic SCI presented a significant spinal sp&s,tj;:ity. For
spastic motor behaviors, we used the modified Ashworth scale to evaluate invc;luntary
resistance to passive stretch of the quadriceps muscle group. At pre tra:

showed an extensor spasm with high resistance to passive stretch abcort

After the training sessions the resistance was reduced according to Ashworth 2. This level
lasted for about 6-8 hours with a new maximum level at the né%:t "ﬁibming. All other patients

showed no spastic motor behaviors.

Discussion

locomotor training with the exoskeleton
HAL® is feasible and safe in applicatioﬁ, improves functional mobility and increases motor functions
in chronic paraplegic patients after SU[. vThe results obtained, reveal a highly significant improvement
for over ground walking abilitiefsf’:evalua:red by the 10-m-walk-test (10MWT), the 6-minute-walk-test
(6MWT) and the timed—up-_and-’vg;)’ test (TUG test), as well as the partial reduction of physical
assistance and walking aids in the WISCI II score. Muscle strength, measured with the lower
extremity motor s%?re (LEMS) increased in all patients.
The results accﬁjirea m this clinical trial imply that HAL®-supported locomotion training can improve
walking abilities in terms of speed, gait and distance. Furthermore it improves motor functions.
Thus far there is insufficient evidence and only a few articles addressing the main hypothesis of this

study that locomotor training improves walking function for patients with SCI.*®

10
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The present study is according to the knowledge of the authors the first to investigate the impact of
hybrid assistive limb-supported locomotor training in chronic SCI patients where referring to the
current state of knowledge no further functional improvements are to be expected.

In the subject population consisting of 8 patients including patients suffering from SCI from 1 up to 19

years (8.03 + 7.4 years), all patients improved significantly regarding treadmill associated walking

- distance and speed, as well as functional improvement detected in the over ground wa -

Although no significant influence was seen on the requirements of assistance in th

3 patients attained improvement in walking abilities according to the WISCI nder condition of a
comfortable and stable gait. A further reduction of assistance was not forced due to more pathologic
gait or higher risk of falling.”’

Although the evidence is still insufficient, the effectiveness of autorﬂét;ed locomotor training using the
DGO in patients with chronic SCI is being investigateﬂ,d,k an"‘dkv cdnsidered promising in several
systematic reviews including a Cochrane review.*” The fesults mentioned above add to the wealth
of that data presuming that HAL®-assisted loqul ~training is useful in terms of functional

mobility and a safe adjunct to the treatment of patient with chronic spinal cord injury.

of complete and incomplete SCI.

However all the patients were treated in the same facility by the same multidisciplinary team,

In summary, our study provi he first data demonstrating the clinical potential of HAL®-locomotor
training based on v_oluﬁ’tary drive in patients suffering from chronic SCI.

afe device for locomotion therapy as neither adverse nor severe adverse events
occurred.
However, continued research in the form of large randomized trials to compare the efficacy of HAL®-

assisted training with well established, conventional therapies is necessary.

11



10

11

12

13

14

15

16

17

18

19

20

21

22

23
24
25
26

Conflict of interest
YS is a founder, shareholder and the CEO of Cyberdyne Inc. which produces the HAL.

YS and Cyberdyne as the manufacturer of the device provided exclusively technical and advisory

support.

Abbreviations

HAL: Hybrid assistive limb (Cyberdyne Inc., Japan); CVC: Cybernic control;
CAC: Cybernic autonomous control; 1I0MWT: 10-meter-walk-test; 6. 6-minute-walk-
test; TUG: Timed-up-and-go-test; WISCI II: cord injury; SCI:

Spinal cord injury; ROM: Range of motion

Authors’ contributions

MA and OC carried out the experiments and data analysis as well as drafting of the
manuscript. RCM, PS and MT helped wi experimental set up. MSK and OH contributed
to the data analysis.

TAS participated in study design and co

YS as the CEO of Cyberdyne, has been involved exclusively in terms of an advisory capacity,
regarding technical sugp’ort_ and the limitations of the exoskeleton. Therefore the inclusion and
exclusion criteria l}nglbgcn modified (e.g. body weight and contractures). YS and Cyberdyne

was neither involved in the course of the study, data collection and analyses, writing nor

All authors read and approved the final manuscript.

12



References

1.

10.

11.

12.

13.

14.

Eng J,Teasell R, Miller W, Wolfe D, Townson ‘A, Aubut J, Abramson C, Hsieh J, Connolly S,
Konnyu K. Spinal cord injury rehabilitation evidence: Methods of the SCIRE systematic
review. Topics in Spinal Cord Injury Rehabilitation 2007;13(1):1-10.

Waters RL, Adkins R, Yakural, Vigil D. Prediction of ambulatory performance based on
motor scores derived from standards of the American Spinal Injury Association. Arch Phys
Med Rehabil 1994;75:756-760.

Piepmeier JM, Jenkins NR. Late neurological changes following traumatic s
Neurosurg 1988;69:399-402.

Gittler MS, McKinley WO, Stiens SA, Groah SL, Kirshblum SC. Spi
3. Rehabilitation outcomes. Arch Phys Med Rehabil 2002;83:S65-S71.

Finch L, Barbeau H, Arsenault B. Influence of body weight support on normal human gait:
development of a gait retraining strategy. Phys Ther 1991;71:842-855; discussion 855-866.

Dietz V, Wirz M, Curt A, Colombo G. Locomotor patter_n'{n paraplegic patients: training
effects and recovery of spinal cord function. Spinal Cord-1998;36:380-390.

Colombo G, Joerg M, Schreier R, Dietz V. Treadmﬂl trammg of paraplegic patients with a
robotic orthosis. J Rehabil Res Dev 2000;37:693-700.

Winchester P, Querry R. Robotic orthosis weight-supported treadmill training. Phys
Med Rehabil Clin N Am 2006;17:159-

Colombo G, Wirz M, Dietz V. DriVen gait orthosis for improvement of locomotor training in
paraplegic patients. Spinal Cord 2001;39:252-255.

Wirz M, Zemon DH, Rupp R, Scheel A, Colombo G, Dietz V, Hornby TG. Effectiveness of
automated locomotor trammg in patients with chronic incomplete spinal cord injury: a
multicenter trial. Arch Phys Med Rehabil 2005;86:672-680.

Hornby TG, Zemon DH, Campbell D. Robotic assisted, body-weight-supported treadmill
training in individuals following motor incomplete spinal cord injury. Phys Ther 2005;85:52-
66. -

Homby TG,‘"fLCampbell DD, Zemon DH, Kahn JH. Clinical and quantitative evaluation of
robotic-assisted treadmill walking to retrain ambulation following spinal cord injury. Top
Spinal Cord Inj Rehabil 2005;11:1-17.

Nooijen CF, Ter Hoeve N, Field-Fote EC. Gait quality is improved by locomotor training in
individuals with SCI regardless of traing approach. J. Neuroeng Rehabil 2009;6:36-46.

Schwartz [, Sajina A, Neeb M, Fisher I, Katz-Luerer M, Meiner Z. Locomotor training using a
robotic device in patients with subacute spinal cord injury. Spinal Cord 2011;49:1062-1067.
13



O 00 NOOULL B WN B

R
= O

12
13
14
15
16
17
18
19
20
21
22
23
24
25
26
27
28
29
30
31
32
33
34
35
36
37
38
39
40
41
42
43
44
45
46

15.

16.

17.

18.

19.

20.

21.

22,

23.

24.

25.

26.

27.

Wirz M, Zemon DH, Rupp R, Scheel A, Colombo G, Dietz V, Hornby G. Effectiveness of
Automated Locomotor Training in Patients With Chronic Spinal Cord Injury. Arch Phys Med
Rehabil 2005;86:672-680.

H. Kawamoto, Y. Sankai. Power Assist System HAL-3 for Gait Disorder Person. Proc. of
ICCHP International Conference on Computers Helping People with Special Needs. 2002;
pp196-203.

K: Suzuki, G. Mito, H. Kawamoto, Y. Hasegawa, Y. Sankai, Intention-based walki"ngﬂsupport
for paraplegia patients with robot suit hal. Advanced Robotics 2007;21:383-40§ '

K.Yamawaki, H. Kawamoto, K. Eguchi, Y. Nakata, Y. Sankai and N. Ochiai. Gait training for
a spinal Canal Stenosis Patient using Robot Suit HAL -A Case Report- Proceedmgs of the 6th
World Congress of the International Society of Physical and Rehabilitation Medicine,
2011;pp.66-68, '

Kawamoto H, Kiyotaka K, Yoshio N, Kanako Y, Ryohei A, Yos/hiy’:uki S, et al. Pilot study of
locomotion improvement using hybrid assistive limb i in chromc stroke patients. BMC
Neurology 2013;13:141.

Van Hedel HJ, Wirz M, Curt A. Improving walkinglassé'ssment in subjects with an incomplete
spinal cord injury: responsiveness. Spinal Cord 2006;44:352-356.

Van Hedel HJ, Wirz M, Dietz V. Assessiné walking ability in subjects with spinal cord injury:
validity and reliability of 3 walking tests..Arch Phys Med Rehabil 2005;86:190-196.

Harada ND, Chiu V, Stewart A\L'.'Mobility-realted function in older adults: assessment with a
6-minute walk test. Arch Phys Med Rehabil 1999;80:837-84.

Ditunno JF, Ditunno PL. Walking'index for spinal cord injury (WISCI II): scale revision.
Spinal Cord 2001;39:654-656.

Myeong OK, Bums"AS Ditunno JF, Marino RJ. The Assessment of Walking Capacity Using
the Walking Index for Spinal Cord Injury: Self-Selected Versus Maximal Levels. Arch Phys
Med Rehabzl 2007;88:762-767.

Nasmmento LR, Caetan LC, Freitas DC, Morais TM, Polese JC, Teixeira-Salmela LF.
leferent instructions during the ten-meter walking test determined significant increases in
maximum gait speed in individuals with chronic hemiparesis. Braz J Phys Ther 2012 .

Mehrholz J, Kugler J, Pohl M. Locomotor training for walking after spinal cord injury.
Cochrane Database Syst Rev 2012;14:11.

Morawietz C, Moffat F. Effects of locomotor training after incomplete spinal cord injury: a
systematic review. Arch Phys Med Rehabil 2013;94:2297-2308.

14









Table 2

Table 1 Comparison of pre, - post intervention

Outcome measurements Before training After training
1I0MWT  Speed (m/s) 0.28 £ 0.28 0.5+£0.34%
Number of steps ~ 29.88 + 7.85 19.38 £ 3.16*
6MWT Distance (m) 70,1130 163,3+£160,6*
TUG (s) 55.34 i.32'20 38.18 +£ 25.98*

Distance (m)

WISCI-II

195.88 £ 166.71

10 £4.34

Values are means tstandard deviation.

10MWT 10-m walk test, 7UG Timed-up and go Test

*pre-post difference, P<0,05.

954.13 +380.35*

11.12+3.68
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