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stroke, the sense of agency (SoA), single joint type of Hybrid Assistive Limb (HAL-SJ), rehabilitation
Pre HAL-SJ Post HAL-SJ
SoA : NRS 3 10
Elbow Flexion and Extension movement time (seconds) 13.3 45
Switching Time (seconds)
Flexion— Extension 0.17 0.06
Extension — Flexion 0.47 0.2
Muscle activity (%MVC)
Biceps (During flexion) 24.7 58.8
Triceps (During extension) 14 20.7
FMA-UE 47 57
MAL
AOU 3.9 41
QOM 2.9 4.2

HAL-SJ: single joint type of Hybrid Assistive Limb. NRS: numerical rating scale. SoA : the sense of
agency. %MVC: percent maximum voluntary contraction. FMA-UE: Fugl-Meyer Assessment-Upper Ex-
tremity. MAL: Motor Activity Log. AOU: Amount of Use. QOM: Quality of Movement.
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¥ Rehabilitation using HAL-SJ
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Evaluation results before and after 10 sessions of HAL-SJ training

Pre HAL-SJ Post HAL-SJ

SoA : NRS 3 10
Elbow Flexion and Extension movement time (seconds) 13.3 4.5
Switching Time (seconds)

Flexion — Extension 0.17 0.06

Extension — Flexion 0.47 0.2
Muscle activity (%MVC)

Biceps (During flexion) 24.7 58.8

Triceps (During extension) 14 20.7
FMA-UE 47 57
MAL

AOU 3.9 4.1

QOM 2.9 4.2

HAL-SJ: single joint type of Hybrid Assistive Limb. NRS: numerical rating scale. SoA : the sense of
agency. %MVC: percent maximum voluntary contraction. FMA-UE: Fugl-Meyer Assessment-Upper Ex-
tremity. MAL: Motor Activity Log. AOU: Amount of Use. QOM: Quality of Movement.

*
*
o

Qualitative evaluation based on spontaneous
patient comments regarding “changes in use of
the paralyzed limb” and “changes in daily life”

NRS
O =N wWwhoOoN®O

* 1 3 4 5 10
HAL-SJ sessions

IEEE Changes of SoA during sessions 1, 3, 4, 5, and
10 of HAL-SJ training

NRS : numerical rating scale

SoA : the sense of agency

**10 : [l feel like I'm moving it myself]

*0 : [Idon’t feel like I’'m moving it myself]

HAy b —2Z7HEPHCOMA KRB L HCIZ
X AT EDORBIIANRTHAZEEZMHE LTS

N, ThoDOREEEITEREMREDOILE 2R T 5
rubhTwnz® ChoolRekikd s,

RIEBNZ BT D FROMIERBOREEIZLD,
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| don't feel like I'm getting better.

Pre-HAL-SJ || want to eat while holding the bowl! in my
left hand.
Post HAL-SJ
08 . | don’t feel like I'm moving it myself.
1 session
Post HAL-SJ .
. | can feel the movement it myself.
3 sessions

Post HAL-SJ || can clearly see the feeling of movement.
4 sessions || feel it moving lightly.

The feeling of moving it is the same as the
right hand.
| was able to hold the bowl in my left hand.

Post HAL-SJ
5 sessions

Post HAL-SJ

. | feel like I'm moving it myself.
10 sessions

BEFERESET LTz iEAE L 5N 5.
< 2 CHRREB o 1 BE i e B B 1< HAL-S] %2 v
TeREEBEER L oL 2 A, BN TE) A
&, MBI OEEAIHE, R L BOEB R,
R LI DRI 3 X VB AT L7z, E~
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Improvement of Sense of Agency following Rehabilitation
using HAL Single-Joint Device in a Post-Stroke Patient
with Upper Limb Paralysis: A Case Report
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)

In recent years, the sense of agency (SoA)—the subjective awareness of controlling one’s own body
movements—has been recognized as an important factor influencing motor learning after stroke. Stroke-
induced motor impairment often diminishes SoA, making its restoration a key component of effective
rehabilitation.

The Hybrid Assistive Limb single-joint type (HAL-SJ), a wearable robotic device, facilitates repetitive
motion training and has been shown to improve motor function in paralyzed limbs. Beyond functional recovery,
HAL-SJ may also contribute to the enhancement of SoA, although the mechanisms underlying this effect
remain unclear.

We report the case of a man in his 60s who developed left hemiplegia following a right middle cerebral
artery infarction. HAL-SJ training, targeting the elbow joint, was initiated 33 days after onset. Over a course of
10 days sessions, the device assisted in repetitive elbow flexion and extension movements. Following the
intervention, the patient demonstrated improvements in SoA as well as in kinematic parameters, including
movement speed, timing, and muscle activation patterns. Additionally, both the frequency and quality of
affected upper-limb use improved in daily activities.

These findings suggest that HAL-SJ training may enhance SoA by promoting kinematically optimized
motor control in stroke survivors with upper-limb paralysis.
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