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Abstract

Background: One of the most important approaches in the rehabilitation of spinal cord injury (SCI) patients is the use of different
orthoses. To date, no review has been published that analyzed the effects of orthoses on health aspects of spinal cord injury clients using
the International Classification of Functioning, Disability and Health (ICF).

Methods: A systematic literature search was done in some databases, including Medline, PubMed, Cochrane centered register of the
controlled trial (CCTR), Cochrane database of systematic reviews (CDSR), a database of abstracts of reviews of effects (DARE),
Embase, Google Scholar, and ISI Web of Knowledge. SCI was used in conjunction with terms like orthotic device, mechanical orthoses,
external power orthoses, assistive devices, and functional electrical. The time frame for this search was from 1970 to 2022.

Results: A total of 200 papers were found. Based on the titles and abstracts, 100 related papers were detected. After careful evaluation
of the papers, 47 studies were selected for final analysis—353 papers were excluded due to duplication, non-English language, and lack
of full-text.

Conclusion: The results of 32 studies (70% of studies) support the efficiency of orthoses in walking and standing of SCI patients. In
most of the included studies, the efficiency of orthoses was evaluated mostly based on body functions and structures, and their impact
on other outcomes such as participation and quality of life (QoL) of SCI patients was unclear.
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Introduction

Due to injuries to spinal cord, patients miss their abilities =~ The incidence of spinal cord injuries (SCls) varies in dif-
to stand and walk (1). Depending on the level of lesion, they ~ ferent countries between 4 and 65 new cases per million
have problems in performing their daily activities (2, 3).  populations each year (1, 4-6). It has been estimated that
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It is common to use various lower limb orthoses in the rehabilitation of
1. Department of Occupational Therapy, School of Rehabilitation Sciences, Shiraz spinal cord injury patients. The effectiveness of these orthoses has been
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— What this article adds:
The results of this review showed that most of the studies only focused on

the effect of lower limb orthoses on biomechanical factors, such as kinetic
and kinematic parameters. The efficiency of lower limb orthoses was
evaluated mostly based on body functions and structures and their impact
on other outcomes such as participation and quality of life (QoL) of spinal
cor injury (SCI) patients was unclear. Therefore, it seems necessary for
therapists and researchers to consider the effects of orthoses on all aspects
of patients' function.
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more than 250,000, 86,000, and 40,000 SCI patients are liv-
ing in the U.S., Canada, and the UK, respectively (1). It has
been estimated that the number of SCI will increase to
121,000 in Canada by 2030.

It has been claimed that those with SCI have some prob-
lems, including problems with digestive system, cardiovas-
cular system, bowel and bladder function, skin integrity,
and psychological health issues (7, 8). Additionally, they
struggle with muscle spasms and a reduction in joint range
of motion (joint contracture). They must therefore employ
a variety of therapies and procedures to both enhance their
state of health and carry out their daily activities (3, 9-13).

It should be emphasized that the main aim of rehabilita-
tion of those with SCI is to increase their independency and
improve their health status (9, 14). For SCI patients, it is
advised to utilize a variety of conventional treatments, in-
cluding occupational and physical therapy exercises, or-
thoses and exoskeletons to help them move around, func-
tional electrical stimulation, virtual reality, action observa-
tion, and stem cell therapy (15, 16). However, based on the
available literature and the reviews published on the perfor-
mance of SCI with various methods of ambulation, most
SCI patients do not use assistive devices (orthoses, FES,
hybrid devices, and exoskeleton) for ambulating from place
to place (9, 17). The main reasons are slow walking speed,
high energy consumption during walking, too much force
applied on the upper limb, and independency to use their
assistive devices (9). However, most of this evaluation only
focuses on some parameters such as gait and stability per-
formance. The aims of rehabilitation are to increase the in-
dependency of the patients in their daily activities, improve
their social participations, and increase their quality of life
(QoL) (3). Moreover, it is important that all members of the
rehabilitation team have a comprehensive understanding of
various levels of function (environmental and client factors
affecting function). Therefore, the performance of SCI pa-
tients and the efficiency of treatment approaches should be
evaluated with regard to all aspects of functions, such as
activities of daily living and participation.

One of the frameworks that can be used to evaluate the
efficiency of various assessment and treatment approaches
for the clients with different disorders is the international
classification functioning disability and health (ICF) (18,
19). It is an international standard system that can be used
to describe and measure health and functional status. Based
on this model, function can be categorized as body func-
tions and structures, activity, and participation (19). ICF
consists of 2 parts, each with 2 components. Part 1, func-
tioning and disability, is included into (a) body functions
and body structures, (b) activities and participation. Part 2,
contextual factors, is included into (a) environmental and
(b) personal factors. Problems or difficulties in these parts
are known as impairments, activity limitations, and partic-
ipation restrictions, respectively (19). Dimensions of func-
tioning and disability are thought to be affected by health
conditions and contextual factors (personal and environ-
mental factors).

The efficacy of the lower limb orthoses was only evalu-
ated based on their efficiency while walking and standing.
However, based on this model, other parameters should
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also be evaluated. Use of the ICF model was used by
Burger, 2011, in the orthotics and prosthetics field (20). He
confirmed that the ICF can be used in orthotics and pros-
thetics clinical practice. McKnee and Rivards highlighted
the importance of biosychological approach to orthotic in-
tervention (21). The ICF model was also used by Ivanyi et
al to determine the effects of orthoses, footwear, and walk-
ing aids on the performance of the patients with spina bi-
fida. They concluded that the efficiency of ankle foot or-
thoses and crutch on the gait and walking outcomes is only
on body functions and structure based on the ICF model.
Nevertheless, studies on the impact of these assistive tech-
nologies on other ICF levels are lacking (22). There is no
study in the literature that evaluated the efficiency of vari-
ous rehabilitation methods on the performance of SCI pa-
tients, based on the ICF model. Therefore, the aim of this
study was to evaluate the efficiency of various assistive de-
vices, mechanical orthoses, and exoskeleton based on ICF
as a reference framework in this group of the patients.

Methods

This was a systematic review. We conducted this review
based on the preferred reporting items for systematic re-
views and meta-analyses approach (23). A search was done
in some databases, including Medline, PubMed, Cochrane
centered register of controlled trial (CCTR), Cochrane da-
tabase of systematic reviews (CDSR), database of abstracts
of reviews of effects (DARE), Embase, google Scholar, and
ISI Web of Knowledge.

Some keywords developed by the national library of
medicine were selected in this study. These keywords in-
cluded orthotic device, mechanical orthoses, external
power orthoses, assistive devices, and functional electrical
stimulation combined with spinal cord injury and paraple-
gia. This search was done between 1970 and 2022.

Eligibility Criteria

Eligibility criteria for selection of the studies were based
on population (studies on SCI), linguistic range (only stud-
ies reported in English were reported), and type of orthoses
(mechanical orthosis, FES, and exoskeleton). As the num-
ber of studies on this topic was very limited, the nature of
studies and outcome variables were not considered in se-
lection of the studies.

Type of Studies

Although randomized control trials were the primary fo-
cus of this analysis, other types of studies were also in-
cluded because there were not enough of them. The final
list excluded certain low-quality sources of evidence such
as abstracts, conference articles, editorials, comments, and
expert opinions.

Participants

There was no limitation for the age of participants in this
study. All type of SCI patients, except congenital SCI, were
considered in this study. However, those able to walk with
orthoses or other types of assistive devices were considered
in this study.
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Types of Intervention
All studies focus on mechanical orthoses, FES, hybrid,
and exoskeleton were selected in this study.

Type of Outcome

The main outcome measures selected in this study was
based on categorizes of the ICF. It means that the ICF com-
ponents, including body functions, body structures, activi-
ties and participation, and environmental factors, were con-
sidered in this study. Therefore, some outcomes such as gait
performance— kinetic, kinematic, energy consumption,
force applied on leg and crutch—independency of the pa-
tients in performing daily activities, participation, and psy-
chological health were considered in this study. Also, the
health status of the patient, such as cardiovascular system
and performance during daily activities, were also selected
in this study. It should be emphasized that all of the ICF
model components were considered in this study.

Secondary Outcome
Any adverse effects of use of orthosis reported in the lit-
erature were considered as a secondary outcome.

Selection of Studies

Two researchers separately screened the studies based
on the inclusion criteria. However, selection of the studies
was mostly based on abstracts and titles.

Data Extraction and Management

We followed the patient/population, intervention, com-
parison and outcomes (PICO) style in this review (Table 1).
However, the studies were categorized based on the ICF

)
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Table 1. Search strategy with PICO
PICO Search terms
Participants Spinal cord injury OR paraplegia

Interventions Mechanical orthoses OR external power or-
thoses OR assistive devices OR functional elec-
trical stimulation

Comparisons Not applicable

Outcomes Body functions and structures OR activities OR
participation OR environmental factors OR gait
performance OR daily activities OR QOL

components.

Quality Assessment and Determination of Risk of Bias:
The quality of the studies was appraised based on Down
and Black scale, which is a valid tool to check the quality
of the studies. Based on this scale, it is possible to deter-
mine trustworthiness, and relevance of the published pa-
pers. This scale has a high degree of reliability to assess the
quality of various research studies. This scale contain 11
items includes inclusion criteria and source, random alloca-
tion, allocation concealment, baseline comparability, sub-
jects blinding, therapists blinding, assessment blinding, fol-
low up, intention to treat analysis, between group compari-
son and point estimate and variability.

Results

On this topic, 200 papers had been produced, and 100 pa-
pers were identified based on the titles and abstracts. After
careful evaluation of the papers, 47 studies were selected
for final analysis—353 papers were excluded due to dupli-
cation, non-English language, and lack of full-text. Figure
| displays the flowchart of this study. The quality of the 17
studies on the use of external powered orthoses ranged from
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Table 2. The outputs of the studies on external power orthoses
Reference No. Method Results
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(24) Participants: 11 patient, level of lesion: T8-L2 Betterment in walking parameters and normalization of the ex-
Age: 46.9 citability of the primary somatosensory cortex
Intervention: BWSTT with hybrid assistive limb® (HAL®)
exoskeleton
Comparison: walking function, cortical excitability

(25) Participants: 2 patient, level of lesion: T6-T7 The results showed that this mechanism can normalize the up-
Age:49-54 per limb support forces, the maximum angular velocity of the
Intervention: hydraulic orthotic mechanisms knee and the maximum impact force during the stand-to-sit
Comparison: hip knee angle, knee angular velocity, upper —maneuver
limb support force, and impact force

(26) Participants: 3 patient level of lesion: T4-T11 This exoskeleton is a possible treatment to rehabilitate step-
Age:54-59 ping SCI patients
Intervention: A self-contained muscle-driven exoskeleton
Comparison: Stepping Walking speeds, cadences

27 Participants: 2 patient level of lesion: T4-T12 Both subjects gained good skills in fundamental balancing and
Age: 40-57 walking. In complex mobility tasks, such as climbing ramps
Intervention: VariLeg and stairs, only low(needing help) to moderate(able to perform
Comparison: basic walking skills, walking and stair climbing  tasks independently in 25% of efforts) skills level were ob-

tained

(28) Participants: 12 patient level of lesion: C6-T10 Walking in the ReWalk can improve function in some of in-
Age: 37.5 complete spinal cord injury patients
Intervention: ReWalk exoskeleton
Comparison: walking progression, sitting balance, skin sen-
sation, spasticity, strength of the corticospinal tracts

(29) Participants: 1 patient level of lesion: C4 Using of exoskeleton may be a sure and possible method for
Age: 21 individuals with higher levels of SCI
Intervention: powered exoskeleton
Comparison: parameters of physical activity

(30) Participants:32 patient level of lesion: T4-L2 The results showed improvements in walking speed, independ-
Age: 37 ence in walking in indoor and outdoor situations and don-
Intervention: Indego powered exoskeleton ning/doffing the exoskeleton.
Comparison: indoor and outdoor walking
donning/doffing the exoskeleton

31) Participants: 45 patient level of lesion: T3-L2 The results showed that the use of exoskeleton may reduce
Age:35 spasticity, increase return to society and finally improve the
Intervention: powered exoskeleton QOL
Comparison: spasticity, pain, bladder/bowel function,
MAS, Satisfaction with Life Scale, QOL, community inte-
gration

(32) Participants: 1 patient level of lesion: T10 This orthoses help walking in paraplegic subjects
Age: not reported
Intervention: a powered lower-limb orthoses
Comparison: Walking performance

(33) Participants: 1 patient level of lesion: T10 maximum hip and knee joint torque necessities of 0.75 Nm/kg
Age:- and 0.87 Nm/kg, respectively, and maximum hip and knee
Intervention: powered lower limb exoskeleton joint power necessities of approximately 0.65 W/kg and 0.85
Comparison: stair ascent and descent W/kg, respectively.

(34) Participants: 1 patient level of lesion: T10 The results showed that the increase in speed and decrease in
Age:- effort are more considerable during walking than during gait
Intervention: lower limb exoskeleton transitions.
Comparison: legged mobility

(35) Participants: 11 patient level of lesion:C4-T7 In spite of particular differences in kinematics and EMG activ-

Age:18-62

Intervention: elliptical- and exoskeletal-assisted stepping
Comparison: hip and knee sagittal-plane kinematics
lower-limb EMG recordings, oxygen consumption

ity, metabolic activity was same within stepping in each ro-
botic device.

[ DOI: 10.47176/mijiri.36.153 ]

use of mechanical orthoses. There were 9 studies on the use
of mechanical orthoses for patients with SCI (Table 3). The
quality of these studies were between 9 and 19. Functional

9to 21 (Table 2). However, most of these studies were case
studies or case series with limited number of participants.
Another strategy adopted for the patient with SCI was the
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Reference No.

Method

Results

(36)

(37

(3%

(39

(40)

Participant: 6 patient level of lesion: T5-T12

Age:33.2

Intervention: ReWalk exoskeleton

Comparison: Safety, Falls, status of the skin, status of the
spine and joints, blood pressure, pulse, ECG

Pain and fatigue

Participant: 21 patient level of lesion: C7-L2

Age:48.1

Intervention: a powered robotic exoskeleton
Comparison: Pain, Spasticity and Subjective experience

Participant: 4 patient level of lesion: C6-T10

Age:25-53

Intervention: Powered lower extremity exoskeleton
Comparison: walking velocity, Spasticity, Temporal-spatial
parameters

Participant: 1 patient level of lesion: T7

Age: -

Intervention: hybrid orthoses

Comparison: Standing, Walking, stair climbing

Participant: 1 patient level of lesion: T8

Age: 22

Intervention: powered hip orthoses

Comparison: speed of walking, step length, cadence
Vertical and horizontal compensatory motions

Subjects were able to walk a distance of 100 meters with the
ReWalk™ without any side effects.

This exoskeleton was well accepted by SCI patients and had
significant effects on pain and spasticity

The results demonstrated a decrease in the walking speed and
an increase in the muscle activity of the patients while walk-
ing

This orthosis allows patients to stand, walk and climb stairs

The hip actuator created definite effects on the kinematics and
temporal-spatial parameters of walking

Table 3. Outputs of the studies on mechanical orthoses

Reference No.

Method

Results

(41)

(42)

43)

(44

(45)

(46)

Participants: 1 patient level of lesion: not reported
Age: 49

Intervention: the models of human muscle energy
expenditure

Comparison: energy consumption

Participants: 9 patient level of lesion: T6-T12
Age:39.8

By using computer modeling and analysis,
useful measurements such as energy con-
sumption can be obtained

This orthosis improves walking indicators in
people with spinal cord injury

Intervention: mechanical function of the reciprocal link in RGOs
Comparison: speed of walking, step length and hip joint range of motion

Participants: 74 patient level of lesion:T5-T12
Age: 27.45
Intervention: RGO

Comparison: functional walking, gait velocity, donning and doffing time

Participants: 293 patient level of lesion: not reported
Age:53.9

Intervention: leg orthotic therapy

Comparison: Activities of daily living

Participants: 280 patient level of lesion: not reported
Age:30-60

Intervention: orthotic devices

Comparison: User satisfaction

Participants:22 patient level of lesion: T3-T12
Age: 21-44
Intervention: HGO/RGO

Although this orthosis has good features such
as faster speed, ease of use, and greater patient
independence, it is not considered as a re-
placement for a wheelchair.

leg orthoses may improve the daily activities
of spinal cord injury patients after the acute
period

The results showed that there is a need to im-
prove orthoses, especially in terms of ease of
use.

The results indicated that the RGO had a good
appearance, while the HGO had a better don-
ning and doffing speed. The RGO was almost

Comparison: gait parameters, pulse rate and oxygen consumption, standing
up, climbing up and down a curb sitting in a wheelchair, use a car, Economic

50% more expensive than HGO

assessment

electrical stimulation is another method that can be used to
enable SCI patients to stand and walk. Ten studies reported
and evaluated the efficiency of this method on the gait per-
formance of the SCI patients. Based on the Down and Black
tool, the quality of the papers published on this topic varied
between 9 and 25 (Table 4).

Comparison of different mechanical orthoses on the gait
performance of SCI patients was evaluated in 5 studies. The
quality of these studies based on the Down and Black tool
varied from 10 and 20. For the SCI participants, a novel
technique called stance control technology was applied.
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Table 3. Continued

Reference No. Method Results
47) Participant: 21 patients level of lesion: C8-T12 The results showed that the physiological benefits
Age:33 created by using this orthosis only improve the ef-

Intervention: RGO-II hybrid orthosis

fects of immobility and no physiological improve-

Comparison: cardiovascular adaptation, constipation, spasticity, os-  ment occurs as to spasticity and osteoporosis.

teoporosis
(48) Participant: 5 patient level of lesion: T8-L12 This orthosis improves static postural stability, walk-
Age: 20-32 ing speed and endurance but it increases the fear of

Intervention: ARGO with dorsiflexion-assisted AFOs

Comparison: postural sway, fear of falling

falling. In general, this orthosis should be considered
as an effective orthosis in the rehabilitation of people
with spinal cord injuries

(49) Participant: 1 patient level of lesion: T10
Age: 20

The results showed that this orthosis can improve
the functional independence of paraplegic patients

Intervention: a new medial linkage reciprocating gait orthosis

Comparison: gait velocity, step length and cadence,

Functional independence

Table 4. Outputs of the studies on FES

Reference No. Method

Results

(50) Participants: 1 patient level of lesion: C8
Age:32
Intervention: FES
Comparison: ambulation capacity

(51) Participants: 6 patient level of lesion: C3-L1
Age:20-40
Intervention: FES

Comparison: quadriceps spasticity, lower limb muscle strength

recovery in ambulation

The results showed a decrease in quadriceps
spasticity, an increase in muscle strength and
stride length and a decrease in the physiolog-
ical cost of gait

Postural stability in standing, spatial and temporal values of gait

physiological cost of gait, ADL
(52) Participant: 4 patient level of lesion: T3-L1
Age:24-38
Intervention: FES
Comparison: stride length
gait velocity

(53) Participant:3 patient level of lesion: C6-T8
Age:28-42

Intervention: hybrid functional electrical stimulation orthoses

Comparison: energy cost and step length
(54) Participant: 34 patient level of lesion: C2-T12
Age:56
Intervention: FES
Comparison: QOL, Participation
(55) Participant: 5 patient level of lesion: T6-T12
Age:42
Intervention:
walking

The results indicated that FES can improve
direct response of the ankle and hip, knee and
ankle flexion response. Simultaneously, in or-
der to reduce fatigue, the frequency of the
quadriceps muscles was reduced to 16 Hz

As a result of using this new new hip joint,
energy cost reduction and stride length in-
crease were reported.

The results of the study showed understand-

ing into the considereded advantages ob-

tained by participating in an RCT comparing

exercise to FES .

The cardiorespiratory and metabolic demands

of walking with this method are similar to do-
exoskeleton-assisted  ing moderate intensity activities

Comparison: oxygen consumption, heart rate, walking economy
metabolic equivalent, walking speed, and walking distance

(56) Participant: 34 patient level of lesion: C2-T12
Age: 55
Intervention:FES

FES-assisted walking could not change body
composition in people with incomplete C2 to
T12 spinal cord injury

Comparison: Whole body and leg lean mass, whole body fat mass

(57) Participant: 25 patient level of lesion: CI1-L15
Age:36
Intervention: FES

The results of the study showed that signifi-
cant physical benefits can be obtained by us-
ing FES, such as increasing functional perfor-

Comparison: Spasticity and strength, Muscle, fat, and bone measurements, blood  mance, increasing muscle size, reducing spas-
count, metabolic profile, and fasting lipid, medication, use and complications, qual- ticity, and improving quality of life.

ity of life, functional status

One study with a quality rating of 13 was undertaken ex-
pressly to examine the use of this technique (Table 5). The
results of the quality assessment of the articles are
presented in Table 6.

Comparisons between FES and mechanical orthoses
were done in 2 studies. The quality rating of these papers
was between 9 and 15. There was only 3 studies on the
comparison between external powered orthoses and me-
chanical orthoses. The quality of these studies based on the
Down and Black tool varied from 18 and 20.

As can be seen from Tables 7 to 10, the selected studies
were also categorized according to the levels of the ICF.
According to this classification, there were 25 studies based
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on body functions and structures. Six studies focused on
activities and participation of the patients. There were 15
studies that covered both levels of the ICF, including activ-
ities and participation and body functions and structures.

The following results were obtained according to the out-
puts of these studies:

Both knee-ankle-foot orthosis (KAFO) and reciprocating
gait orthosis (RGO) had the same effects on QoL.

Energy expenditure in walking with isocentric recipro-
cating gait orthosis (IRGO) may be less than standard
RGO.

A self-contained muscle-driven exoskeleton may be a
feasible intervention to restore stepping in SCI.
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Reference No. Method

Results

(58) Participant: 34 patient level of lesion: C2-T12 FES-assisted walking could not change
Age: 56.59 body composition in people with incom-
Intervention: functional electrical stimulation therapy assisted walking plete C2 to TI2 spinal cord injury
Comparison: bone biomarkers and bone strength

(59) Participant: 35 patient level of lesion: T12 or higher Daily use of FES can improve walking
Age:53 speed in incomplete SCI

Intervention: FES
Comparison: walking speed

Table 5. The results of studies on comparison mechanical orthoses, comparison power orthoses and mechanical orthoses, comparison FES and me-

chanical orthoses and stance control orthoses

Reference No. Method Results
(60) Participants: 22 patient level of lesion: thoracic Although subjects who used RGOs or
Age: 39.13 HKAFOs had the same QOL score, those who

Intervention: RGO/HKAFO
Comparison: Quality of Life

(61) Participants: 4 patient level of lesion: paraplegia
Age: 29.8
Intervention: RGO / Modified Isocentric RGO
Comparison: energy cost of ambulation

(62) Participants: 4 patient level of lesion: T6-T10
Age: 34.5
Intervention: MLRGO / IRGO
Comparison: Gait parameter
Postural stability

(63) Participant: 4 patient level of lesion: T8-T12
Age:34.4

Intervention: new medial linkage orthosis/ isocentric

reciprocating gait orthosis

Comparison: Walking speed and heart rate
(64) Participant: 12 patient level of lesion: T4-L5

Age: 18-60

used RGOs showed better emotional stability,
communication, and emotional independence.
The results showed that compared to the stand-
ard RGO, energy costs of ambulation are
lower in Isocentric RGO

The results demonstrate that compared to
IRGO, the use of MLRGO can lead to greater
improvement in walking speed and endurance
in spinal cord injury patients.

Compared to IRGO, all participants had a
faster walking speed, walked more distance,
and had lower PCI when wearing MLO.

The results showed that HESWO is alternative
option for paraplegic walking.

Intervention: hip energy storage walking orthosistHESWO)
Comparison: walking speeds, walking distance, and energy expenditure

(65) Participants: 13 patient level of lesion: T1-L5
Age: 1745 years

Intervention: KAFO (KAFO-gait) or a ReWalk robot (ReWalk-gait)

Comparison: spatiotemporal variables
energy expenditure

(66) Participant: 6 patient level of lesion: C8-T11
Age: 19-34
Intervention: WPAL/ MSH-KAFO
Comparison: Energy efficiency

67) Participant: 1 patient level of lesion: T8
Age: 22
Intervention: powered gait orthosis

Although subjects wearing robot (ReWalk)
walked with lower energy consumption com-
pared to KAFO, there was no difference be-
tween the two interventions in terms of client
satisfaction.

The results of the study showed that WPAL is
an applied and effective type of robotics that
can be used in the rehabilitation of paraplegia
patients.

The results of using this new orthosis show im-
provement in all of gait parameters compared
to IRGO.

Comparison: Joint angles, Step length, walking speed, cadence and compen-

satory motion

(68) Participants: 19 patient level of lesion: not reported

Age: 42.7
Intervention:FES/ Hinged AFO
Comparison: gait speed and endurance

(69) Participant: 5 patient level of lesion: C2-T6
Age:24-37
Intervention:FES/RGO

Both types of interventions improve walking
ability, however, the use of FES increases foot
clearance values.

During long walking, using the hybrid system
has more advantages. However, the presence
of limitations in RGO can reduce adoption

Comparison: Walking speed, energy consumption, energy cost

(70) Participants: 3 patient level of lesion: not reported

Age: 48.3

Intervention: microprocessor stance and swing control orthosis

Comparison: ADL

This new orthosis can make patients perform
many activities of daily living in an easier and
safer way

Use of Varileg enables SCI patients in walking and
climbing ramps and stairs.

Rewalk enables SCI patients to walk with lower energy
expenditure than KAFO.

Exoskeleton is a safe method for the locomotion of SCI
patients.

Power exoskeleton improves speed and independency in

walking in indoor and outdoor spaces.

RGO is not considered as an alternative for SCI patients
for ambulation.

Orthoses should be improved to enhance comfort ability.

No physiological improvements were observed in using
hybrid devises.
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Table 6. Result of quality assessment based on the down and black scale

Reference No. Reporting External valid- Internal Validity - Internal Validity - Confounding Power  Total
ity Bias

(24) 9 1 4 1 0 15
(25) 7 1 4 1 0 13
(26) 6 1 3 1 0 11
@7 6 1 3 1 0 11
(28) 10 3 5 3 0 21
29) 5 1 3 1 0 10
(30) 10 1 4 3 0 18
@31) 8 3 4 1 0 16
(32) 4 1 3 2 0 10
(33) 4 1 3 1 0 9
(34) 4 1 3 1 0 9
(35) 8 1 4 2 0 15
(36) 9 3 4 3 0 19
37) 8 3 4 2 0 17
(38) 6 1 4 2 0 13
39) 5 1 4 1 0 11
(40) 5 1 4 1 0 11
(41) 5 1 3 1 0 10
(42) 8 1 4 1 0 14
(43) 9 3 5 2 0 19
(44) 9 3 4 3 0 19
(45) 8 3 3 2 0 16
(46) 5 1 2 1 0 9
(47) 7 3 4 3 0 17
(48) 8 1 4 2 0 15
(49) 5 1 4 1 0 11
(50) 5 1 2 1 0 9
(51) 8 2 3 2 0 15
(52) 5 1 2 1 0 9
(53) 8 1 4 2 0 15
(54) 10 3 6 4 0 23
(55) 8 3 4 1 0 16
(56) 10 3 6 5 0 24
(57) 10 3 5 3 0 21
(58) 10 3 6 5 1 25
(59) 9 3 5 2 0 19
(60) 11 3 4 2 0 20
(61) 10 1 4 2 0 17
(62) 8 1 4 1 0 14
(63) 6 1 2 1 0 10
(64) 9 3 5 2 0 19
(65) 8 3 4 4 1 20
(66) 8 3 4 3 0 18
(67) 5 1 4 1 0 11
(68) 8 1 4 1 1 15
(69) 6 1 1 1 0 9
(70) 7 1 4 1 0 13

Walking with robotic exoskeleton may have positive ef-
fects on spasticity and pain reduction.

Discussion

Different treatment approaches have been used to return
the abilities of SCI patients to stand and walk and also to
improve their abilities in performing their daily activities.
The performance of SCI patients standing and walking with
various assistive devices has been evaluated in numerous
studies in the literature. However, a small number of them
assessed the degree of involvement and QoL in this partic-
ular group. The primary goal of this review was to assess
the effectiveness of assistive technologies utilized by SCI
patients using the ICF model. As can be seen from the re-
sults of this study, there were 47 papers on this topic with a
quality varied between 9 and 25. The main reasons for the
score of quality assessment were limited number of the pa-
tients in the studies and type of studies (mostly the studies
were cross sectional). Moreover, no attempts were done to
blind the participants and researchers regarding the type on
interventions. The power of studies was not reported in
most of the studies. The length of follow-up should also be
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taken into account. The majority of these studies evaluated
performance immediately after the use of assistive tools.
Therefore, it is challenging to draw a firm conclusion about
the effectiveness of different assistive technologies due to
the poor quality of the studies that are currently available.

As can be seen from Tables 1 to 4, various approaches
have been used for SCI patients to stand and walk, includ-
ing mechanical orthoses, FES, hybrid, and exoskeleton.
Nearly 47 papers have been found on the use of these meth-
ods for rehabilitation of SCI patients.

There were 9 studies with a quality of 9 and 19 on the use
of mechanical orthoses for SCI patients (Tables 2, 5).

The results of performance of the SCI patients in walking
with various mechanical orthoses are shown in Table 2. As
can be seen from this table, the walking speed of the SCI
patients varied between 14.4 and 33 m/min and the energy
cost varied from 3/28 to 3/56 beats/m, based on the PCI in-
dex. Based on the available literature, the performance of
the patients in using HKAFO orthoses, especially hip guid-
ance, and RGO orthoses, was better than other available
mechanical orthoses. However, in most of the available or-
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Table 7. Results of ICF classification on studies of external power orthoses

. Fallahzadeh Abarghuei, et al.

Reference No. Study Design Measurement Instrument Outcome Measure ICF Level

24) Cross-sec- paired-pulse somatosensory evoked cortical excitability Activities
tional potentials (ppSEP) walking parameters Body functions and

10-m walk test structures

(25)

(26)

@7

(28)

29

(30)

€3]

(32)
(33)

(34

(35)

(36)

G7

(3%

(39)

(40)

Case-crosso-
ver

Case-crosso-
ver

Case-crosso-
ver

cohort study

Case report

cohort study

Cross-sec-
tional

Case report
Case report
case study

Cross-sec-
tional

cohort
Cross-sec-

tional
Cross-sec-

tional

Case report

Case report

timed-up-and-go test
6-min walk test
lower extremity motor score
hydraulic orthotic
mechanisms

finite state machine

No information

10MWT
6MWT
Physiological Cost Index (PCI)
Heart rate
MMT
SCATS
VAS
dual-energy X-ray absorptiometry
(DXA)

10MWT
6MWT
TUG
600-meter walk test
Self-report

Embedded system
hip and knee joint torque

TUG
6 MWT
10 MWT
Electrogoniometers
Portable metabolic system

FIM
Numeric Rating Scale
Ashworth
questionnaire
MMT
ASHWORTH
Motion Analysis
sEMG
observation

Vicon digital motion capture

Stand to sit
Hip knee angle
knee angular velocity
upper limb support force
impact force
Stepping
Walking speeds
cadences
walking skills
stair climbing

walking progression
sitting balance
skin sensation
spasticity
strength of corticospinal tracts

Walk time
total number of steps
up-time
indoor and outdoor walking

Body functions and
structures

Body functions and
structures

Body functions and
structures
activities
Activities

Body functions and
structures

Body functions and
structures

activities

donning/doffing the exoskeleton

spasticity
pain
bladder/bowel function
MAS
Satisfaction with Life Scale
QOL
community integration
Walking

stair ascent and
descent
legged mobility

hip and knee
sagittal-plane kinematics
lower-limb EMG recordings
oxygen consumption
Activities of daily living
Pain
Spasticity
Subjective experience
walking velocity
Spasticity
Temporal-spatial parameters

Standing
Walking
stair
climbing
speed of walking
step length
cadence

Body functions and
structures
participation

Body functions and
structures
Body functions and
structures
Body functions and
structures
activities
Body functions and
structures

activities
Body functions and
structures

Body functions and
structures

activities

Body functions and
structures

Vertical and horizontal compensatory

motions

thoses, the performance was evaluated only based on walk-
ing and standing performance. There was limited evidences
on how the clients use their orthoses. Moreover, it is not

well understood that how the use of these mechanical or-
thoses influences the participation of the patient and their

QoL.
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Table 8. Results of ICF classification on studies of mechanical orthoses

Reference No. Study Design Measurement Instrument Outcome Measure ICF Level
41 Case report the models of human muscle energy consumption Body functions and struc-
energy tures
(42) Case-crossover Vicon digital capture speed of walking Body functions and struc-
system step length tures
hip joint range of motion
(43) cross-sectional Garrett score functional walking Body functions and struc-
gait velocity tures
donning and doffing time activities
climb stairs
(44) cohort FIM Activities of daily living activities
45) cross-sectional Quebec User Evaluation of satisfaction Not covered
Satisfaction with Assistive
Technology
(46) Trial crossover ergonomic gait parameters Body functions and struc-
tests pulse rate and oxygen con- tures
biomechanical assessments sumption activities
standing up
climbing up and down a curb
sitting in a wheelchair
use a car
Economic assessment
47 cross-sectional arm crank ergometer cardiovascular adaptation Body functions and struc-
Ashworth score constipation tures
Dual photon absorptiometry spasticity
osteoporosis
(48) RCT force plate system postural sway Body functions and struc-
modified Falls Efficacy Scale fear of falling tures
activities
participation
(49) Case report questionnaire gait velocity Body functions and struc-
step length and cadence tures
Functional independence Activities

Another question that has been made is how much of a
difference there is between standing and walking perfor-
mance when using mechanical orthoses and other systems
of locomotion. The mean values of walking speed of SCI
patients in using external power orthoses were between 18
to 64 m/min and for FES it varied from 6.6 to 24/2 m/min.
Compared with mechanical orthoses, the SCI patients had
a more speed in using external power orthoses. The major-
ity of these orthoses are too large for SCI patients to use,
hence, their willingness to use external power orthoses is
minimal. Based on the results of the studies presented in
Tables 1 to 4, it can be concluded that the mechanical or-
thoses may be more suitable to be used by SCI patients in
standing and walking. However, this is mostly based on
general evaluations of the performance, meaning that the
effects of the mention systems on social and participation
were not evaluated in the studies. It can be inferred from
the aforementioned studies that mechanical orthoses appear
to improve standing and walking performance for SCI pa-
tients. However, the body function level of the ICF is the
sole factor used in this analysis. The other aim of this re-
view was to evaluate the available studies based on the ICF
model. The ICF consists of 3 levels—body functions and
structures, activities, and participation. There were 6 stud-
ies on the level of activities and participation (only 1 study
was related to participation), 15 studies were on both levels
of body function and structures and activity and participa-
tion, and 25 studies were related to only body function and
structures (Tables 9-12). It is stated that the majority of the
included studies evaluated the effectiveness of orthoses
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mostly based on body functions. These studies evaluated a
few outcome metrics, including walking speed, energy con-
sumption, and stability. There have been a few studies on
the other ICF levels, including participation and activity.

In the ICF, it is important to have a holistic view on func-
tional performance of the patients, and the efficiency of the
treatment approach should be evaluated based on all ICF
levels. As a result, when evaluating the effectiveness of or-
thoses, it is also important to consider how they affect pa-
tients' involvement, QoL, and overall wellness. In most of
these studies, performance was evaluated immediately after
using assistive devices (24). However, if orthoses are solely
used in a clinical context, patients will not be able to alter
their social connections or general mobility in society, two
key aspects of life satisfaction. Considering that the pur-
pose of prescribing orthoses is ultimately to improve the
QoL and satisfaction (25), it is necessary to evaluate the
effectiveness of orthoses in other environments other than
the clinic (such as community, home, and work place). As
aresult, it's crucial to assess the patients' performance after
a follow-up period. According to Juszczak et al
(2018) study, using a powered exoskeleton may reduce
spasticity, however, improvements in secondary impair-
ments like spasticity did not lead to a substantial improve-
ment in participation and QoL (24).

Based on the study of Jefferson et al (2011), achieving a
satisfactory QoL is a primary goal of treatment and rehabil-
itation for the patients with SCI (26). Participation is more
correlated with QoL than it is with injury severity or func-
tional ability (26). Therefore, the primary question raised
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Table 9. Results of ICF classification on studies of FES

A. Fallahzadeh Abarghuei, et al.

Reference No. Study Design Measurement Instrument Outcome Measure ICF Level
(50) Case report American Spinal Injury Associ- ambulation Body functions and struc-
ation tures
Impairment Scale
5D cross-sectional MMT quadriceps spasticity Body functions and struc-
upright motor control test lower limb muscle strength tures
Maximum voluntary contraction postural stability activities
Ashworth scale standing, spatial and tem-
pendulum test poral values of gait
physiological physiological cost of gait
cost index (PCI) ADL
modified Barthel index
(52) cross-sectional EMG stride length Body functions and struc-
kinesiological measurements gait velocity tures
(53) Case series VICON-VX system energy cost Body functions and struc-
step tures
length
(54) RCT Spinal Cord Independence QOL Body functions and struc-
Measure Participation tures
Satisfaction With Life Scale activities
LOTCA participation
Craig Handicap and Assessment
Reporting Technique
Reintegration to Normal Living
Index
perceptions of
intervention(s) outcomes
(55) Case series maximal graded exercise test oxygen consumption Body functions and struc-
6MWT heart rate tures
walking activities
economy
metabolic equivalent
walk speed, and walk dis-
tance
(56) RCT dual-energy X-ray Whole body and leg lean Body functions and struc-
absorptiometry mass and whole body fat tures
peripheral mass
computed tomography
57 Retrospective cohort ASIA Spasticity and strength Body functions and struc-
composite motor—sensory score  Muscle, fat, and bone meas- tures
(CMSS) urements activities
isokinetic dynamometer blood count, metabolic pro- participation
MRI file, and fasting
SF36 lipid
FIM medication
use and complications
quality of life
functional
status
(58) RCT DXA bone biomarkers and bone Body functions and struc-
pQCT strength tures
(59) Case series 10 meter walking speed Body functions and struc-

walking speed

tures

here is how much the orthoses affect this patient group's
social participation and integration. There were 3 studies
that examined the ICF's degree of engagement together
with other factors including QoL, community integration,
and satisfaction. According to a study by Barati et
al (2020), improvement in some parameters, such as kinetic
and kinematic (gait), is not related to other factors, such as
social participation (27). The aim of using orthoses and
other assistive devices is not just improvement in gait per-
formance. In another study done by Sunder et al (2013), the
efficiency of FES and exercise was compared on a group of

SCI patients, based on both body functions and participa-
tion (28). The results of this study showed that although
those with FES had a better gait performance, there was no
significant difference between the participation and QoL
between the groups. The effect of using FES on QoL was
also evaluated by Cristiana et al. They confirmed that FES
in chronic SCI may improve QoL (29). Few studies evalu-
ated the effects of using orthoses on participation and QoL
of the SCI patients. According to the studies that are pres-
ently available, it appears that the majority of researchers
and clinicians assessed the patients using impairment-based
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Table 10. Results of ICF classification on studies of comparison mechanical orthoses, comparison power orthoses and mechanical orthoses, com-

parison FES, and mechanical orthoses and stance control orthoses

Reference No. Study Design Measurement Instrument Outcome Measure ICF Level

(60) Cross-sectional Sickness Impact Profile Quality of life Participation

61) Case-crossover heart rate energy cost of Body functions and struc-
physiologic cost index (PCI) ambulation tures

(62) Case-crossover Force plate
mFES
(63) Case series Physiological cost index
(PCI)
(64) RCT energy expenditure
observation
(65) Random cross-over design 6MWT
30MWT
(66) Case series physiological cost index
(PCT)
heart rate (HR) and modified
Borg score
6MWT
(67) Case report observation
(68) Cross-sectional Six-minute walk distance
(69) Case series Douglas bag
technique
(70) Case-crossover Orthosis Evaluation Ques-
tionnaire
Activities of Daily Living
Questionnaire

respiratory exchange ratio

Gait parameter
Postural stability

Walking speed and heart
rate

Walking speeds
Walking distance
energy expenditure
spatiotemporal variables
energy expenditure
Energy efficiency

Joint angles
Step length, walking
speed, cadence and com-
pensatory motion
gait speed and endurance
foot clearance

Walking speed
energy consumption
energy cost
ADL

Body functions and struc-
tures
activities

Body functions and struc-
tures

Body functions and struc-
tures

Body functions and struc-
tures

Body functions and struc-
tures

Body functions and struc-
tures

Body functions and struc-
tures
activities

Body functions and struc-
tures

Activities

techniques, which mostly focused on impairments rather
than the patients' living environments (30).

It was also made abundantly clear that most researchers
focused on gait and walking performance while highlight-
ing the superiority of their orthoses rather than how the pa-
tients used them. The lack of proper tools to assess involve-
ment and QoL is another factor that needs to be taken into
account in this context. Ullrich et al (2012) showed that the
methods and tools to evaluate the participation of SCI pa-
tients is not enough and yet existing measurement tools in
this population have significant limitations. They empha-
sized to develop appropriate tools that can be used to eval-
uate the participation of the SCI patients (31).

Based on available studies, it can be concluded that use
of some approaches such as mechanical orthoses, FES, hy-
brid system, external power orthoses enable SCI patients to
stand and walk. However, their performance is not compat-
ible with that of healthy patients. Because of significant en-
ergy consumption, slow walking pace, and excessive
stresses placed on the upper limb, the majority of patients
choose not to utilize their orthoses. Based on the comments
of the SCI patients, most patients preferred not to use any
orthoses. It was found that most research solely focused on
biomechanical aspects, such as kinetic and kinematic fac-
tors, after taking levels of ICF into account. It is unclear
how much those factors affect the patient's involvement in
daily activities and the community. Orthoses' impact on
http://mjiri.iums.ac.ir
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QoL was not also assessed. Based on the available litera-
tures, it cannot be concluded which type of ambulation ap-
proaches influence other levels of the ICF.

It is important to acknowledge that this systematic study
has significant limitations. The significant drawback was
that the majority of studies that were accessible were case
studies. Furthermore, the majority of the studies had poor
quality. The other limitation associated with this analysis
was limited access to the full texts of the studies.

Conclusion

Despite the fact that there were 47 studies on the subject
of using different assistive devices for patients with SCI,
the majority of them solely addressed biomechanical ele-
ments like kinetic and kinematic characteristics. Due to
this, there is a significant gap in the evaluation of the effects
of using these devices on some criteria, such as participa-
tion and QoL of SCI patients. Given that the goal of reha-
bilitation therapies is to increase QoL and patient satisfac-
tion, it is important to consider how well orthoses affect all
facets of patients' health, not only physical structures and
functions. The available data supports the idea that me-
chanical orthoses can help people with SCI stand and walk,
and that they perform better than conventional approaches.
However, social integration and QoL were unaffected. Be-
cause of this, the majority of SCI patients either want to
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ambulate in a wheelchair or choose to utilize no assistive
aids at all.

Acknowledgment
The authors thank Shiraz University of Medical Sciences
for supporting this paper.

Ethical Considerations

This study was approved by the Ethics Committee of
Shiraz University of Medical Sciences (SUMS). The ethics
code: IR.SUMS.REC.1399.781.

Abbreviations

10OMWT: 10-meter walk test

6MWT: 6-min walk test

PCI: Physiological Cost Index

MMT: Manual muscle testing

SCATS: Spinal Cord Assessment Tool for Spastic Reflexes
EMG: Electromyography

ECG: Electrocardiogram

HESWO: Hip energy storage walking orthosis
VAS: Visual analog scale

DXA: Dual-energy X-ray absorptiometry

TUG: Timed-up-and-go test

AFO: Ankle foot orthosis

HESWO: Hip energy storage walking orthosis
MLRGO: Medial linkage reciprocating gait orthosis
IRGO: Isocentric Reciprocating Gait Orthosis

Conflict of Interests
The authors declare that they have no competing interests.

References

1. Wyndaele M, Wyndaele JJ. Incidence, prevalence and epidemiology of
spinal cord injury: what learns a worldwide literature survey? Spinal
Cord. 2006;44 (9):523-9.

2.Stolov WC, Clowers MR. Handbook of severe disability: a text for
rehabilitation counselors, other vocational practitioners, and allied
health professionals. Washington: U.S. Dept. of Education
Rehabilitation Services Administration; for sale by the Supt. of Docs.
U.S. Govt. Print. Off.; 1981. xvi, 445 p.

3.Somers MF. Spinal cord injury : functional rehabilitation. Norwalk,
Conn.: Appleton & Lange; 1991. xvi,365p. p.

4.Surkin J, Gilbert BJ, Harkey HL, Sniezek J, Currier M. Spinal cord
injury in Mississippi. Findings and evaluation, 1992-1994. Spine.
2000525 (6)(0362-2436 (Print)):716-21.

5.0'Connor PJ. Prevalence of spinal cord injury in Australia. Spinal Cord.
2005;43 (1)(1362-4393 (Print)):42-6.

6.Karacan I, Koyuncu H, Pekel O, Sumbuloglu G, Kirnap M, Dursun H,
et al. Traumatic spinal cord injuries in Turkey: a nation-wide
epidemiological study. Spinal  Cord. 2000;38 (11)(1362-4393
(Print)):697-701.

7.Lynch AC, Wong C, Anthony A, Dobbs BR, Frizelle FA. Bowel
dysfunction following spinal cord injury: a description of bowel
function in a spinal cord-injured population and comparison with age
and gender matched controls. Spinal Cord. 2000;38(12):717-23.

8.Douglas R, Larson PF, D' Ambrosia R, McCall RE. The LSU
Reciprocal-Gait Orthosis. Orthopedics. 1983;6:834-9.

9.Karimi M, Omar AH, Fatoye F. Spinal cord injury rehabilitation: which
way forward? NeuroRehabilitation. 2014;35(2):325-40.

10. Karimi MT. What are the next steps in designing an orthosis for
paraplegic subjects? Int J Prev Med. 2012;3(3):145-59.

11. Karimi MT. Robotic rehabilitation of spinal cord injury individual.
Ortop Traumatol Rehabil. 2013;15(1):1-7.

12. Karimi MT. Functional walking ability of paraplegic patients:
comparison of functional electrical stimulation versus mechanical
orthoses. Eur J Orthop Surg Traumatol. 2013;23(6):631-8.

13. Karimi MT, Esrafilian A. Should External Powered Orthoses be Used

A. Fallahzadeh Abarghuei, et al.

by Paraplegic Subjects or Not? Iran Red Crescent Med J.
2013;15(6):539-40.

14. Karimi MT. Evidence-based evaluation of physiological effects of
standing and walking in individuals with spinal cord injury. Iran J Med
Sci. 2011;36(4):242-53.

15. Shao A, Tu S, Lu J, Zhang J. Crosstalk between stem cell and spinal
cord injury: pathophysiology and treatment strategies. Stem Cell Res
Ther. 2019;10(1):238.

16. McIntosh K, Charbonneau R, Bensaada Y, Bhatiya U, Ho C. The
Safety and Feasibility of Exoskeletal-Assisted Walking in Acute
Rehabilitation After Spinal Cord Injury. Arch Phys Med Rehabil.
2020;101(1):113-20.

17. Stallard J, Major RE. A review of reciprocal walking systems for
paraplegic patients: factors affecting choice and economic justification.
Prosthet. Orthot. Int. 1998;22(0309-3646 (Print)):240-7.

18. Li K, Yan T, You L, Li R, Ross AM. International classification of
functioning, disability and health categories for spinal cord injury
nursing in China. Disabil Rehabil. 2015;37(1):25-32.

19. Post MWM, Kirchberger I, Scheuringer M, Wollaars MM, Geyh S.
Outcome parameters in spinal cord injury research: a systematic review
using the International Classification of Functioning, Disability and
Health (ICF) as a reference. Spinal Cord. 2010;48(7):522-8.

20. Burger H. Can the International Classification of Functioning,
Disability and Health (ICF) be used in a prosthetics and orthotics
outpatient clinic? Prosthet Orthot Int. 2011;35(3):302-9.

21. McKee PR, Rivard A. Biopsychosocial approach to orthotic
intervention. Journal of hand therapy : official journal of the American
Society of Hand Therapists. 2011;24(2):155-62; quiz 63.

22. Ivanyi B, Schoenmakers M, van Veen N, Maathuis K, Nollet F,
Nederhand M. The effects of orthoses, footwear, and walking aids on
the walking ability of children and adolescents with spina bifida: A
systematic review using International Classification of Functioning,
Disability and Health for Children and Youth (ICF-CY) as a reference
framework. Prosthet Orthot Int. 2015;39(6):437-43.

23. Liberati A, Altman DG, Tetzlaff J, Mulrow C, Getzsche PC, loannidis
JPA, et al. The PRISMA statement for reporting systematic reviews and
meta-analyses of studies that evaluate healthcare interventions:
explanation and elaboration. BMJ. 2009;339:b2700.

24. Juszczak M, Gallo E, 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(4):336-42.

25. McKee PR, Rivard A. Biopsychosocial Approach to Orthotic
Intervention. J Hand Ther. 2011;24(2):155-63.

26. Wilson JR, Hashimoto RE, Dettori JR, Fehlings MG. Spinal cord
injury and quality of life: a systematic review of outcome measures.
Evid Based Spine Care J. 2011;2(1):37-44.

27. Barati K, Kamyab M, Kamali M. Comparison of the quality of life in
individuals with spinal cord injury wearing either reciprocating gait
orthosis or hip knee ankle foot orthosis: a cross-sectional study. Disabil
Rehabil Assist Technol. 2020:1-5.

28. Hitzig SL, Craven BC, Panjwani A, Kapadia N, Giangregorio LM,
Richards K, et al. Randomized trial of functional electrical stimulation
therapy for walking in incomplete spinal cord injury: effects on quality
of life and community participation. Top Spinal Cord Inj Rehabil.
2013;19(4):245-58.

29. Sadowsky CL, Hammond ER, Strohl AB, Commean PK, Eby SA,
Damiano DL, et al. Lower extremity functional electrical stimulation
cycling promotes physical and functional recovery in chronic spinal
cord injury. J Spinal Cord Med. 2013;36(6):623-31.

30. Babulal GM, Tabor Connor L. The measure of stroke environment
(MOSE): development and validation of the MOSE in post-stroke
populations with and without aphasia. Top Stroke Rehabil.
2016;23(5):348-57.

31. Ullrich PM, Spungen AM, Atkinson D, Bombardier CH, Chen Y,
Erosa NA, et al. Activity and participation after spinal cord injury: state-
of-the-art report. J Rehabil Res Dev. 2012;49(1):155-74.

32. Farris RJ, Quintero HA, Goldfarb M. Preliminary evaluation of a
powered lower limb orthosis to aid walking in paraplegic individuals.
IEEE transactions on neural systems and rehabilitation engineering : a
publication of the IEEE Engineering in Medicine and Biology Society.
2011;19(6):652-9.

33. Farris RJ, Quintero HA, Goldfarb M. Performance evaluation of a
lower limb exoskeleton for stair ascent and descent with paraplegia.
Annual International Conference of the IEEE Engineering in Medicine

http://mjiri.iums.ac.ir 13
Med J Islam Repub Iran. 2022 (14 Dec); 36.153.



http://dx.doi.org/10.47176/mjiri.36.153
https://mjiri.iums.ac.ir/article-1-8219-en.html

[ Downloaded from mjiri.iums.ac.ir on 2025-08-05 ]

[ DOI: 10.47176/mijiri.36.153 ]

The Effects of Lower Limb Orthoses on Health Aspects

and Biology Society IEEE Engineering in Medicine and Biology
Society Annual International Conference. 2012;2012:1908-11.

34. Farris RJ, Quintero HA, Murray SA, Ha KH, Hartigan C, Goldfarb M.
A preliminary assessment of legged mobility provided by a lower limb
exoskeleton for persons with paraplegia. IEEE Trans Neural Syst
Rehabil Eng. 2014;22(3):482-90.

35. Hornby TG, Kinnaird CR, Holleran CL, Rafferty MR, Rodriguez KS,
Cain JB. Kinematic, muscular, and metabolic responses during
exoskeletal-, elliptical-, or therapist-assisted stepping in people with
incomplete spinal cord injury. Phys Ther. 2012;92(10):1278-91.

36. Zeilig G, Weingarden H, Zwecker M, Dudkiewicz I, Bloch A,
Esquenazi A. Safety and tolerance of the ReWalk™ exoskeleton suit for
ambulation by people with complete spinal cord injury: a pilot study. J
Spinal Cord Med. 2012;35(2):96-101.

37. Stampacchia G, Rustici A, Bigazzi S, Gerini A, Tombini T, Mazzoleni
S. Walking with a powered robotic exoskeleton: Subjective experience,
spasticity and pain in spinal cord injured persons. NeuroRehabilitation.
2016;39(2):277-83.

38. Ramanujam A, Cirnigliaro CM, Garbarini E, Asselin P, Pilkar R,
Forrest GF. Neuromechanical adaptations during a robotic powered
exoskeleton assisted walking session. J Spinal Cord Med.
2018;41(5):518-28.

39. Kobetic R, To CS, Schnellenberger JR, Audu ML, Bulea TC, Gaudio
R, et al. Development of hybrid orthosis for standing, walking, and stair
climbing after spinal cord injury. J Rehabil Res Dev. 2009;46(3):447-
62.

40. Arazpour M, Chitsazan A, Hutchins SW, Ghomshe FT, Mousavi ME,
Takamjani EE, et al. Evaluation of a novel powered hip orthosis for
walking by a spinal cord injury patient: a single case study. Prosthet
Orthot Int. 2012;36(1):105-12.

41. Michaud F, Mouzo F, Lugris U, Cuadrado J. Energy Expenditure
Estimation During Crutch-Orthosis-Assisted Gait of a Spinal-Cord-
Injured Subject. Front Neurorobot. 2019;13:55.

42. Arazpour M, Gholami M, Bahramizadeh M, Sharifi G, Bani MA.
Influence of Reciprocating Link When Using an Isocentric
Reciprocating Gait Orthosis (IRGO) on Walking in Patients with Spinal
Cord Injury: A Pilot Study. Top Spinal Cord Inj Rehabil.
2017;23(3):256-62.

43. Franceschini M, Baratta S, Zampolini M, Loria D, Lotta S.
Reciprocating gait orthoses: a multicenter study of their use by spinal
cord injured patients. Arch Phys Med Rehabil. 1997;78(6):582-6.

44. Hada T, Momosaki R, Abo M. Impact of orthotic therapy for
improving activities of daily living in individuals with spinal cord
injury: a retrospective cohort study. Spinal Cord. 2018;56(8):790-5.

45. Chen CL, Teng YL, Lou SZ, Lin CH, Chen FF, Yeung KT. User
satisfaction with orthotic devices and service in taiwan. PloS One.
2014;9(10):e110661-e.

46. Whittle MW, Cochrane GM, Chase AP, Copping AV, Jefferson RJ,
Staples DJ, et al. A comparative trial of two walking systems for
paralysed people. Paraplegia. 1991;29(2):97-102.

47. Thoumie P, Le Claire G, Beillot J, Dassonville J, Chevalier T,
Perrouin-Verbe B, et al. Restoration of functional gait in paraplegic
patients with the RGO-II hybrid orthosis. A multicenter controlled
study. II: Physiological evaluation. Paraplegia. 1995;33(11):654-9.

48. Arazpour M, Bani MA, Hutchins SW, Curran S, Javanshir MA. The
influence of ankle joint mobility when using an orthosis on stability in
patients with spinal cord injury: a pilot study. Spinal Cord.
2013;51(10):750-4.

49. Ahmadi Bani M, Arazpour M, Farahmand F, Azmand A, Hutchins
SW, Vahab Kashani R, et al. The influence of new reciprocating link
medial linkage orthosis on walking and independence in a spinal cord
injury patient. Spinal Cord. 2015;53 Suppl 1:S10-2.

50. Fazio C. Functional electrical stimulation for incomplete spinal cord
injury. Proc (Bayl Univ Med Cent). 2014;27(4):353-5.

51. Granat MH, Ferguson AC, Andrews BJ, Delargy M. The role of
functional electrical stimulation in the rehabilitation of patients with
incomplete spinal cord injury--observed benefits during gait studies.
Paraplegia. 1993;31(4):207-15.

52. Malezic M, Hesse S. Restoration of gait by functional electrical
stimulation in paraplegic patients: a modified programme of treatment.
Paraplegia. 1995;33(3):126-31.

53. Yang L, Granat MH, Paul JP, Condie DN, Rowley DI. Further
development of hybrid functional electrical stimulation orthoses. Artif
Organs. 1997;21(3):183-7.

54. Hitzig SL, Craven BC, Panjwani A, Kapadia N, Giangregorio LM,

http://mjiri.iums.ac.ir
Med J Islam Repub Iran. 2022 (14 Dec); 36:153.

14

Richards K, et al. Randomized trial of functional electrical stimulation
therapy for walking in incomplete spinal cord injury: effects on quality
of life and community participation. Top Spinal Cord Inj Rehabil.
2013;19(4):245-58.

55. Evans N, Hartigan C, Kandilakis C, Pharo E, Clesson I. Acute
Cardiorespiratory and Metabolic Responses During Exoskeleton-
Assisted Walking Overground Among Persons with Chronic Spinal
Cord Injury. Top Spinal Cord Inj Rehabil. 2015;21(2):122-32.

56. Giangregorio L, Craven C, Richards K, Kapadia N, Hitzig SL, Masani
K, et al. A randomized trial of functional electrical stimulation for
walking in incomplete spinal cord injury: effects on body composition.
J Spinal Cord Med. 2012;35(5):351-60.

57. Sadowsky CL, Hammond ER, Strohl AB, Commean PK, Eby SA,
Damiano DL, et al. Lower extremity functional electrical stimulation
cycling promotes physical and functional recovery in chronic spinal
cord injury. J Spinal Cord Med. 2013;36(6):623-31.

58. Craven BC, Giangregorio LM, Alavinia SM, Blencowe LA, Desai N,
Hitzig SL, et al. Evaluating the efficacy of functional electrical
stimulation therapy assisted walking after chronic motor incomplete
spinal cord injury: effects on bone biomarkers and bone strength. J
Spinal Cord Med. 2017;40(6):748-58.

59. Street T, Singleton C. A clinically meaningful training effect in
walking speed using functional electrical stimulation for motor-
incomplete spinal cord injury. J Spinal Cord Med. 2018;41(3):361-6.

60. Barati K, Kamyab M, Kamali M. Comparison of the quality of life in
individuals with spinal cord injury wearing either reciprocating gait
orthosis or hip knee ankle foot orthosis: a cross-sectional study. Disabil
Rehabil Assist Technol. 2020:1-5.

61. Winchester PK, Carollo JJ, Parekh RN, Lutz LM, Aston JW, Jr. A
comparison of paraplegic gait performance using two types of
reciprocating gait orthoses. Prosthet Orthot Int. 1993;17(2):101-6.

62. Samadian M, Bani MA, Golchin N, Mardani MA, Head JS, Arazpour
M. Effects of Two Different Hip-Knee-Ankle-Foot Orthoses on Postural
Stability in Subjects with Spinal Cord Injury: A Pilot Study. Asian Spine
J.2019;13(1):96-102.

63. Ahmadi Bani M, Arazpour M, Farahmand F, Kashani RV, Mousavi
ME, Hutchins SW. Comparison of new medial linkage reciprocating
gait orthosis and isocentric reciprocating gait orthosis on energy
consumption in paraplegic patients: a case series. Spinal cord ser. Cases.
2015;1:15012.

64. Yang M, Li J, Guan X, Gao L, Gao F, Du L, et al. Effectiveness of an
innovative hip energy storage walking orthosis for improving paraplegic
walking: A pilot randomized controlled study. Gait Posture.
2017;57:91-6.

65. Kwon SH, Lee BS, Lee HJ, Kim EJ, Lee JA, Yang SP, et al. Energy
Efficiency and Patient Satisfaction of Gait With Knee-Ankle-Foot
Orthosis and Robot (ReWalk)-Assisted Gait in Patients With Spinal
Cord Injury. Ann Rehabil Med. 2020;44(2):131-41.

66. Yatsuya K, Hirano S, Saitoh E, Tanabe S, Tanaka H, Eguchi M, et al.
Comparison of energy efficiency between Wearable Power-Assist
Locomotor (WPAL) and two types of knee-ankle-foot orthoses with a
medial single hip joint (MSH-KAFO). J Spinal Cord Med.
2018;41(1):48-54.

67. Arazpour M, Chitsazan A, Hutchins SW, Mousavi ME, Takamjani EE,
Ghomshe FT, et al. Evaluation of a novel powered gait orthosis for
walking by a spinal cord injury patient. Prosthet Orthot Int.
2012;36(2):239-46.

68. Kim CM, Eng JJ, Whittaker MW. Effects of a simple functional
electric system and/or a hinged ankle-foot orthosis on walking in
persons with incomplete spinal cord injury. Arch Phys Med Rehabil.
2004;85(10):1718-23.

69. Sykes L, Campbell IG, Powell ES, Ross ER, Edwards J. Energy
expenditure of walking for adult patients with spinal cord lesions using
the reciprocating gait orthosis and functional electrical stimulation.
Spinal Cord. 1996;34(11):659-65.

70. Probsting E, Kannenberg A, Zacharias B. Safety and walking ability
of KAFO users with the C-Brace(®) Orthotronic Mobility System, a
new microprocessor stance and swing control orthosis. Prosthet Orthot
Int. 2017;41(1):65-77.


http://dx.doi.org/10.47176/mjiri.36.153
https://mjiri.iums.ac.ir/article-1-8219-en.html
http://www.tcpdf.org

