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Abstract

Introduction: In the present study, the effect of knee angle foot orthosis (KAFO) and medial linkage reciprocal gait orthosis (MLRGO) alongside
the reciprocal movement of the MLRGO connected to two KAFOs was tested on a person suffering spinal cord injury and compared with each
other. Materials and Methods: A person suffering spinal cord injury from thoracic level was chosen randomly to walk with two KAFO and
MLRGO orthoses from the patients in red Crescent rehabilitation center. In order to assess the walking speed, distance of walking, and energy
consumption, the subject was asked to walk with his self-selected speed in a predetermined path in order to conduct the intended tests. The tests
were replicated three times each except for the walking distance test. Results: Use of KAFO cause improved walking speed (44.18%), walking
distance (125.4%), time of wearing the orthosis (94.67%), and taking off the orthosis (65.43%) compared to the MLRGO. Nevertheless, energy
consumption was 17.15% better through MLRGO over KAFO because of its reciprocal movement. Conclusion: The results of the present study
indicated the superiority of KAFO over MLRGO in a person suffering spinal cord injury regarding spatiotemporal parameters of walking.
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Introduction

Spinal cord injury is a damage to the spinal cord, causing loss of
sensation and motion from under the site of damage. This
damage causes loss of part of performance, sensation, and
inability in walking as well as standing of the person (1, 2). The
prevalence of traumatic spinal cord injury in Tehran has been
reported to be 1.2-11.4 per every 10000 individuals (3).
Damage to the spinal cord results in extensive sensory and
motor changes. Nevertheless, according to patients, inability of
walking is the principal problem they confront after spinal
cord injury (2). This injury is accompanied by chronic pain
syndrome as well as impaired digestive, urinary, and
reproductive system disorders (4).

Usage of wheelchair can help the person with but it is not

problem free. The main problem is due to the limited
movement arising from the structure of this tool and long
sitting. Pressure sores, osteoporosis, and joint deformities
(especially hip abduction contracture) are due to long-term
sitting on wheelchair (5). Many researchers have reported that
encouraging these individuals to use orthosis for long time to
exercise has had various physical and psychological effects on
them (6, 7). Intervention to improve performance in patients
suffering from spinal cord injury includes a combination of
pharmacological, surgical, and rehabilitation attitudes (8).

Generally, all of these orthoses can be categorized into three
groups: hybrid, powered, and mechanical orthoses (9). Powered
orthoses and functional electrical stimulation (FES) system improve
walking parameters, but these orthoses are bulky and heavy, and are
used very limited in the laboratory environment (10, 11).
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Table 1. The spatiotemporal parameters and energy consumption of the participant suffering spinal cord injury in this study

Spatiotemporal parameters of walking

Energy consumption variable

Type of orthosis Time of wearing off Time of taking off Distance Walking  speed Energy consumption
the orthosis (s) the orthosis (s) traversed (m) (m/s) (heart rate/min)

KAFO 112.67 (12.7) 1.53 (74.67) 21.3 0.062 (0.006) 629.67 (62.13)

MLRGO 219.53 (12.26) 123.53 (23.39) 9.45 0.043 (0.008) 537.47 (227.37)

Figure 1. Mold modification stage

Generally, it seems that given the current conditions,
mechanical orthoses are the best current solution to support
walking for patients with spinal cord injury. Recently, at
welfare sciences and rehabilitation University, medial linkage
reciprocal orthosis has been fabricated, which enjoys all
advantages of medial linkage and reciprocal orthoses (12). So
far, this new orthosis, which in addition to being medial
linkage, is also reciprocal, has been compared only with
isocentric reciprocal orthosis (13). Accordingly, the aim of the
present study is to compare medial linkage reciprocal orthosis
with a conventional orthosis such as KAFO on walking
performance and energy consumption in patients with spinal
cord injury.

Case Report

Case history

A paraplegic 28-year-old man, T9 level, with a height of 175
cm and weight of 78 kg, and based on the inclusion and
exclusion criteria, was enrolled in this study. The inclusion
criteria were: being a patient of spinal cord injury from
thoracic level, at least six months should have passed the

Figure 2. KAFO with medial linkage reciprocal joint

damage, no history of using isocentric orthosis, no history of
cardiovascular or pulmonary disease, no spasticity beyond 2
(according to Ashworth twice modified criterion), and no
contracture in the joint of lower or upper limbs. The
exclusion criteria where: the inability of the subject in
completing the project or no willingness to participate and
continue the study.

Combined treatment and clinical assessment in the follow-
up

In this study, a paraplegic person was enrolled according to
the inclusion and exclusion criteria. Informed consent form
was taken from the patient after explaining the procedure. A
suitable standard KAFO was fabricated for the subject after
molding at welfare and habitation sciences University (Figure
1). The medial linkage reciprocal joint was also installed on
this KAFO in order to conduct the tests related to MLRGO
(Figure 2). Before doing the tests, the patient was trained how
to walk with the orthoses for 2 weeks, three times per week,
and each time 2 hours. These trainings included passive
stretching of lower limbs as well as stretching of upper limbs,
maintaining balance with the orthosis, standing, and walking
with it (14).
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After two training weeks, the procedure and tests were
completely explained to the subject. Each of the tests was
replicated three times, except for the walking distance test,
which was done only once because of the person's inability in
long walking. After familiarization with the environment and
tests, the subject was asked to wear the orthoses. Then, using a
chronometer, the time of wearing the orthosis from the
beginning until the end was recorded for each orthosis
separately (per second) and reported in terms of second.

Also, in this study, the distance traversed by the subject
while wearing each orthosis was evaluated using a 6-min
walking test (i.e. how far the subject could traverse within 6
min). The distance traversed by the patient while wearing the
orthosis was measured and reported in terms of meter. The
walking speed in this study was evaluated using 10-meter
walking test, which is the distance traversed per unit of time.
The distance the person traverses using the orthosis during 10
m was measured, and its time was calculated and reported.

The energy consumption by the person with spinal cord
injury in this study was calculated through physiological cost
index (PCI) formula, and based on heart rate, oxygen uptake,
and using Polar Electro device.

According to the formula:
The energy consumption is obtained from subtracting the
normal heart rate from heart rate during walking per 1 min (the
heart rate per minute) and then dividing it by the average speed.
Eventually, in order to obtain the value of the measured
variables and compare these two orthoses, the mean value was
calculated for the three tests performed for each variable, and
standard deviation was also reported accordingly.

Results

The variables measured in this study included walking speed,
distance traversed within 6 min, time of wearing and taking off
the orthosis, and energy consumption. Table 1 indicates the
spatiotemporal parameters of the subject during walking with
these two orthoses.

The walking speed and distance traversed by KAFO
improved by 44.18 and 125.4% compared to MLRGO,
respectively. The time of wearing and taking off KAFO
compared to MLRGO improved by 94.68 and 65.43%,
respectively. Also, the energy consumption during walking
improved by 17.15% using the new medial linkage reciprocal

orthosis compared to KAFO.

Discussion

Many patients with spinal cord injury are not able to sand or
move. Orthoses and auxiliary devices provide advantages for
these patients such as standing and walking in an upright
position (15), which itself offers advantages such as pain
improvement, reducing fatigue and improving the intestinal as
well as bladder function (16), reducing the risk of ulcer (17),
and improving bone density (18). Usage of auxiliary devices is
observed in more than half of patients with spinal cord injury
for walking (19). Isocentric reciprocal and halo orthoses have
been expressed to be the most effective orthoses in improving
spatiotemporal parameters of walking, which is due to the
reciprocal system of these two orthoses (20). Medial linkage
reciprocal orthosis is a medial linkage orthosis with a
reciprocal system; thus, it enjoys the advantages of reciprocal
orthoses. It is indeed the only orthosis which possesses three
properties of adapting anatomical joint with orthotic joint,
joint placement in the medial section and between two limbs,
plus a reciprocal system. This study was performed to
investigate the effect of KAFO as a conventional orthosis
compared to medial linkage reciprocal orthosis, which was
newly designed and fabricated, on the walking parameters of
patients with spinal cord injury. The results showed that the
walking speed and distance traversed by KAFO improved
compared to the new medial linkage reciprocal orthosis.

One of the factors for better approval of orthoses is shorter
time of wearing and taking off the orthosis alongside other
factors such as better efficiency, aesthetics, and lower energy
consumption, etc. In the present study, the time of wearing and
taking off KAFO improved compared to the MLRGO. One of
the reasons for the longer time of wearing the MLRGO
compared to Prime Walk orthosis according to the subject
participating in this study is the special shape of the medial
linkage reciprocal joint, which is larger, and because of its
saddle-like shape, the person should sit on that, and requires
more time and greater upper limb power compared to joint
free orthosis. This is because the person should lift their trunk
and sit on the bed on the saddle-like state of the joint.
Generally, the duration of wearing and taking off medial
linkage orthoses is longer than that of joint-free KAFO
orthoses because of the linkage of the upper internal parts of
KAFO orthoses to each other. This is because the person
should wear both KAFOs together or take them off, while when
these joints do not exist, the person with spinal cord injury can
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wear or take off each of the KAFOs separately and with
independence and less force. Nevertheless, in spite of these
limitations, individuals with spinal cord injury can wear these
orthoses alone and on wheelchair, which is an advantage
compared to other orthoses such as isocentric reciprocal
orthosis, which has also a trunk part.

In two review studies performed by Arazpour and Ahmadi
respectively, the walking speed was reported to be higher using
a medial linkage orthosis such as Walk Abbot compared to
KAFO (11, 21). However, the present study found the opposite.
The sample size of the research conducted in these two review
studies was at least 4 cases, while the sample size of the present
study was only one case, which may explain this difference.
Generally, one of the reasons of low walking speed with
orthoses is the fixation of the foot ankle joint. Another reason
is the high weight of these joints negatively affecting the
walking speed and energy consumption.

Based on findings of this study, the energy consumption
during walking improved when using the MLRGO compared to
KAFO. Improvement of movement and walking ability with
optimal energy may ameliorate the quality of life-associated
health in individuals with spinal cord injury (22). Generally,
energy consumption when using orthoses has been reported to
(23, 24).
Nevertheless, long-term use of wheelchair causes problems such

be higher compared to applying wheelchair

as pressure sores, osteoporosis, and joint deformities (especially
hip abduction contraction) (5). Gonda, Ahmadi et al. stated that
the best solution for reducing energy consumption is use of a
medial linkage orthosis with a reciprocal part (9, 25). The results
obtained from this study also indicated diminished energy
consumption using MLRGO compared to KAFO, which is
possibly due to the reciprocal system of the medial linkage
orthosis. One of the limitations of the present study was the
small sample size, which was somehow due to the expensiveness
of medial linkage reciprocal orthosis. Also, due to the inability
of the subject in long walking, the test of distance traversed by
the person was done only once.

Conclusion

The present study suggests that unexpectedly, MLRGO
compared to KAFO did not cause improved walking
parameters such as the distance traversed and walking speed.
Further, the time of wearing the MLRGO was longer than that
of KAFO, while energy consumption decreased when using

MLRGO compared to KAFO. Thus, further studies with larger
sample sizes are required to achieve the preferred orthosis in
patients with spinal cord injury.
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