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[Purpose] The primary purpose of this study was to evaluate the intraclass correlation coefficient in

obtaining the torque of the hip muscle strength during a robot-assisted rehabilitation treatment. [Subjects] Twenty-
four patients (15 males, 9 females) with spinal cord injury participated in the study. [Methods] The subjects were
asked to walk during robot-assisted rehabilitation, and the torque of the muscle strength which was measured at hip
joint flexion angles of —15, —10, =5, 0, 5, 10, 15, 20, 25, and 30 degrees. [Results] The intraclass correlation coef-
ficient of the torque of the hip muscle strength measured by the rehabilitation training robot was excellent. [Conclu-
sion] Our results show that measurement of torque can be used as an objective assessment of treatment with RAT.
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INTRODUCTION

To recover locomotor ability after spinal injury, various
therapies are traditionally used, such as walking training
with body weight-supported treadmill training (BWSTT).
BWSTT is used in rehabilitation to improve gait function
by training a normal gait pattern and for training in a safe
environment. However, it is too labor intensive. To perform
BWSTT, which entails a high workload even at a very slow
speed, patients require the assistance of 2 or more thera-
pists?.

In recent years, robot-assisted rehabilitation (RAT),
which simulates the normal walking, has also be adopted
to help patients with spinal cord injury. Currently, RAT is
widely used during the recovery process. The biggest dif-
ference between robot-assisted body weight-supported
treadmill training and the existing supported ambulation
training is the addition of a mechanical assistant in the for-
mer so that alternative steps with both feet can be achieved
by the patients. Besides, simulation of the normal walking
pattern facilitates input from the peripheral nerve endings;
in this manner, the remaining central nervous system can be
stimulated so that regeneration of the nerves involved in the
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traumatic spinal cord injury can be completed?. Recently,
some studies have shown that this method has a significant
effect on the improvement of response time?.

Several studies have reported that patients with incom-
plete spinal cord injury (SCI) can recover locomotor func-
tion after robot-assisted rehabilitation®. The reason for this
improvement in locomotor activity was an adaptation of
spinal neuronal networks to physiological proprioceptive
inputs®). Strengthening of cortical input might also play an
important role in functional recovery of locomotion®.

At present, rehabilitation robots are very widely used
in clinical practice”. But the treatment effect of rehabilita-
tion robots has only been examined based on activities of
daily living (ADL) and other measures®). There have been
very few mechanical evaluations regarding the kinetics of
paralyzed limbs using torque in metric units, especially the
real-time intervention effects of walking with a rehabilita-
tion robot.

The primary purpose of this study was to evaluate the in-
traclass correlation coefficient (ICC) in obtaining the torque
of the hip muscle strength during a RAT treatment.

SUBJECTS AND METHODS

Twenty-four patients (15 males, 9 females) with spinal
cord injury participated in the study. All subjects had an
incomplete injury ranging from level T8 to L2, and each
injury occurred during the previous six months. None of the
patients had received RAT before. Subject characteristics
are detailed in Table 1. The purpose and procedure of this
study were explained to the subjects, and all subjects gave
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informed consent for participation in the study. The study
was approved by the Research Ethics Committee of China
Rehabilitation Research Center, and the IRB number for this
study is 2014-K-005.

The subjects were asked to walk during robot-assisted
rehabilitation with an initial training speed of 1.5 km/h,
which was progressively raised to 1.8 km/h as quickly as
possible while maintaining a gait quality similar to that of a
normal healthy human. The body weight suspension system
was initiated at 35%, and 70% guidance force was provided
for the participants by the weight suspension system of RAT
system.

The robot-assisted rehabilitation walking training was
carried out with a rehabilitation training robot (MBZ-CPM1,
ManBuZhe [TianJin] Rehabilitation Equipment Co., Ltd.,
Tianjin, PR China). An adjustable lever arm was attached
to the subject’s right leg with a padded cuff just proximal to
the knee joint. The axis of rotation of the dynamometer arm
was positioned just lateral to the femoral epicondyle, and
the torque of the muscle strength which was measured at hip
joint flexion angles of —15, —10, =5, 0, 5, 10, 15, 20, 25, and
30 degrees during the swing phase. The average torque value
was measured at each angle when the subject was walking
during RAT. Each measurement was made twice, with the
measurements being made on different days.

In order to determine the reliability of the torque of the
hip muscle strength during the RAT treatment, the ICC for
the two measurements of the torque of the hip joint during
exercise was examined at each of the angles. The data were
analyzed using SPSS Ver. 17.0 for Windows.

RESULTS
The results for the torque of the hip muscle strength of the

24 subjects are shown in Table 2.
All ICCs (1.1) for the torque of the hip muscle strength

Table 1. Subject characteristics

M=SD (N=24)
Age (y) 26.3+5.7
Height (cm) 169.4 + 8.4
Weight (kg) 61.8 +10.4

Table 2. Torque of the hip muscle strength (Nm) and ICC

were more than 0.75 for the right leg during robot-assisted
rehabilitation walking training.

DISCUSSION

Although robot-assisted walking training is widely used
in clinical practice, there is no objective assessment method
for it. In the present study, we evaluated the reliability in
obtaining the torque of the hip muscle strength during walk-
ing training in RAT. The torque of the hip muscle strength
measured by the rehabilitation training robot was excellent.
Whether we measured flexion or extension, the constriction
of the hip muscle strength could be monitored by evaluation
with the rehabilitation training robot.

These results indicate that measurements of torque can
be used as an objective assessment of treatment with a re-
habilitation robot. The hip muscle strength of a patient with
a spinal cord injury could also be evaluated during robot-
assisted rehabilitation walking training. Compared with the
previous subjective assessment method, measurement of
torque in metric units was intuitional and practicable.

In the clinic, torque could also be used as a real-time
measurement and provide feedback to a therapist that could
aid in selection of a more effective treatment method. In
the present study, the ICC could indicate the consistency
between the two measurements, but internal errors could not
be expressed. Furthermore, the measurements were carried
out by one experimenter on one day, so the reliability of the
torque of the hip muscle strength during a RAT treatment
would need to be examined again if the measurements were
carried out under different conditions.

Future studies are needed to investigate the inter-rater
reliability, standard error of measurement, and minimal de-
tectable change in the torque of hip muscle strength during
a RAT treatment.
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