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The purpose of the research was to develop an effective treatment for
pediatric upper extremity motor dysfunction. We investigate the feasibility and effectiveness of
repetitive voluntary-assisted upper limb training (VAUT) for three patients with severe CP using a
combination of robotics, Hybrid Assistive Limb (HAL) and functional electrical stimulation,
Integrated Volitional Control Electrical Stimulation (IVES). VAUT using single-joint HAL was
performed for 50 min/session over an 8-month period for 9-13 sessions In total. One patient™s
voluntary hand movement was insufficient, affecting his upper limb exercise performance; therefore,
IVES was required in addition to HAL. After intervention, the Action Research Arm Test scores showed

improvements in all three patients. The use of VAUT, together with new systems such as HAL and
IVES, even for severe CP is safe and may be effective. Our study suggested that upper limb function
can be improved for patients with severe CP.
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Participant 1 2 3
Age (years) 8 19 18
Sex M M M
Height (cm) 122 157 152
Weight (kg) 23 50 53
Etiology CP CcP CP
Paralysis type Hemiplegia SQ SQ
Severe affected side L R R
MACS 111 v v
Brs (upper limb) v I 111
Brs (finger) A% v IV
GMFCS | v 11
CFCS I I I

SQ, spastic quadriplegia; L, left; R, right.
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Subject

Assessment (misncfrr:ax) 2, 3
Pre Post Pre Post Pre Post
ARAT score (R/L) 0-57 57/31 57/49 9/52 20/57 17/54 20/54
ARAT subscore Grasp  0-18 18/11 18/15 3/18 7/18 6/18 6/18
Grip  0-12 12/7 12/11 3/12 5112 5/12 712
Pinch  0-18 18/6 18/14 0/13 3/18 0/15 0/15
Gross movement 0-9 9/7 9/9 3/9 5/9 6/9 79

QUEST total score 0-100 75.1 82.8 40.0 58.5 41.0 49.9
QUEST subscore Dissociated movements ~ 0-100 85.9 89.1 68.8 76.6 53.1 56.3
Grasp  0-100 37.0 66.7 18.5 44.4 25.9 40.7
Weight bearing  0-100 94.0 92.0 34.0 52.0 46.0 64.0
Protective extension  0-100 83.3 83.3 38.9 61.1 38.9 38.9

ABILHAND-Kids (logits) 1.752 1.752 -0.164 —0.164 - -

CHEQ 2.0 Grasp efficacy  0-100 25 26 0 0 - -

Time utilization  0-100 28 30 41 41 - -

Feeling bothered  0-100 32 32 42 45 - -
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