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ABSTRACT

Objective: To study whether the robotic WEFRE rehab sys-
tem (Wrist-Elbow-Forearm Robotic Economical Rehabilitation
System) could maintain or improve passive ranges of motions
(PROMSs) of the upper extremity (UE) - elbow, forearm and wrist
in tetraplegic patients and replace a therapy done by a therapist.
Study design: A pilot study

Setting: Rehabilitation ward, Maharaj Hospital, Chiang Mai,
Thailand

Subjects: Tetraplegic patients from spinal cord injury

Method: The arm of each participant was randomly assigned as
a control or a study arm. The UE PROMs were assessed at pre-
and post-UE rehab therapy (UERT). Each day, the control arm
was treated with two 30-minute conventional UERT by an occu-
pational therapist (OT) whereas the study arm was treated with
one 30-minute conventional and one 30-minute robotic UERTSs.
After completion of the 10-day UERTs, the ROMs of the elbow,
wrist, metacarpo-phalangeal (MCP) joints and forearm of each
arm were compared between before and after UERTs, and be-
tween the study and the control arms. Patients’ and therapist's
satisfaction, preference and feedbacks were also reported.
Results: Six tetraplegic patients completed the study and their
PROMs were analyzed. There were no statistical differences in
pre-, post- and pre-post PROMs between the study and the con-
trol arms. However, there was a trend of the pre-post difference
(p=0.066-0.068) in all joints tested except the wrist of the study
arm, whereas only in the elbow of the control arm (p=0.066). A

shoulder pain was detected after therapy in one study arm. The
OT fairly agreed that the robot WEFRE rehab system could re-
place the conventional UERT. All participants were satisfied with
the robot. Nearly all participants believed that it could replace the
therapist but only one thought that a caregiver could operate it.
Conclusion: The robotic WEFRE rehab system is safe and
could replace an occupational therapist for upper extrem-
ity movement therapy. Both the therapist and the patients were
fairly satisfied with it. For further improvement, it should be more
friendly-used and more durable.

Keywords: robot, rehabilitation, range of motion, upper extrem-
ity, tetraplegia
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Figure 1. Robot WEFRE rehab system consists of the robot part (on
the left), a laptop for setting the programs by therapist and the emer-
gency stop control (red button in front of the laptop)
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Figure 2. Supporting parts attached to the robot for movements of the elbow flexion-extension (left), for the wrist flexion-extension (middle) and the
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Table 1. Demographic data of all participants
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Study no. Age Duration from onset Sex Etiology of injury  AIS NLI ISCI-UE data set
(years) (days)
1 59 54 M Transport C C5 3, active tenodesis hand
2 61 131 F Fall A C4 3, active tenodesis hand
3 44 931 M Transport C C4 2, passive tenodesis hand
4 19 83 M Transport A C5 3, active tenodesis hand
5 22 52 F Transport C C4 5, active extrinsic-intrinsic hand
6 57 81 M Fall D C4 3, active tenodesis hand

AIS, American Spinal Injuries Association impairment scale; NLI, neurological level of injury; ISCI-UE data set, International Spinal Cord Injury — upper extremity data set

Table 2. Range of motions (ROM) of elbow and wrist joints pre-, post- and pre-post difference of upper extremity rehab therapy

Elbow joint ROM

Wrist joint ROM

S:fy Study arm Control arm Study arm Control arm
Pre Post Pre-post Pre Post Pre-post  Pre Post Pre-post  Pre Post Pre-post
1 150 160 10 160 165 5 135 130 -5 150 140 -10
2 150 150 0 140 150 10 15 130 15 125 130 5
3 125 140 15 140 140 0 120 150 30 120 120 0
4 145 145 0 155 155 0 165 180 15 130 135 5
5 130 135 5 145 150 5 170 180 10 170 170 0
6 110 150 40 130 140 10 130 135 5 140 125 -15

Pre-therapy between the study and the control arms: the elbow, p=0.687; the wrist, p=0.809, Mann-Whitney U test
Post-therapy between the study and the control arms: the elbow, p=0.681; the wrist, p=0.746, Mann-Whitney U test
Pre-post difference between the study and the control arms, the elbow p=0.849; the wrist, p=0.713, Mann-Whitney U test
Pre-post difference in the study arms: the elbow, p=0.066; of the wrist, p=0.461, Wilcoxon Signed-Rank test

Pre-post difference in the control arms, the elbow, p=0.066; the wrist, p=0.257, Wilcoxon Signed-Rank test
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Table 3. Forearm range of motions (ROM) (pronation —supination) pre-,
post- and pre-post ROM difference of upper extremity rehab therapy

Forearm ROM

S:;(.iy Study arm Control arm
Pre Post Pre-Post  Pre Post Pre-Post

1 170 170 0 150 175 25
2 160 165 5 140 165 25
3 200 200 0 180 190 10
4 155 170 15 160 190 30
5 170 170 0 180 170 -10
6 180 165 -15 160 180 20

Pre-therapy between the study and the control arms, p=0.684, Mann-Whitney
U test

Post-therapy between the study and the control arms, p=0.118, Mann-Whitney
U test

Pre-post difference between the study and the control arms, p=0.518, Mann-
Whitney U test

Pre-post difference in the study arms, p=0.066, Wilcoxon Signed-Rank test

Pre-post difference in the control arms, p=0.496, Wilcoxon Signed-Rank test
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Table 4. Metacarpo-phalangeal (MCP) joint of index and middle fingers range of motions (ROM) pre-, post- and pre-post difference of upper extremity

rehab therapy
MCP - index finger MCP - middle finger ROM
Srt::)c.iy Study arm Control arms Study arm Control arms
Pre Post Pre-post Pre Post Pre-post  Pre Post Pre-post  Pre Post Pre-post
1 125 120 -5 10 120 10 145 130 -15 130 130 0
2 75 83 8 75 105 30 80 90 10 80 100 20
3 95 95 0 90 120 30 90 95 5 130 140 10
4 10 125 15 120 145 25 10 140 30 150 150 0
5 140 140 0 150 150 0 150 160 10 165 165 0
6 100 120 20 70 10 40 10 15 5 70 15 45

Pre-therapy between the study and the control arms: the index finger ROM, p=575; the middle finger, p=0.572, Mann-Whitney U test
Post-therapy between the study and the control arms: the index finger, p=0.463; the middle finger, p=0.520, Mann-Whitney U test
Pre-post difference between the study and the control arm: the index finger, p=0.853; the middle finger p=0.853, Mann-Whitney U test
Pre-post difference in the study arms, index finger, p=0.068; middle finger, p=0.068, Wilcoxon Signed-Rank test

Pre-post difference in the control arms, index finger, p=0.078; middle finger, p=0.225, Wilcoxon Signed-Rank test
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