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Touch-pressure sensor

Fig. 1 Occupational therapy using soft robotic glove
(SRG)

Robotic soft extra muscle (SEM) technology
(Bioservo Technologies, Kista, Sweden) is a
powered hand exosuit that works by contraction
of an artificial muscle tendon wire mounted on
a touch sensor (without using an electro-
myography sensor) and is an intuitive grip-
strengthening aid.

Infrared camera
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Launen Right thumb MP joint

marker
ﬂome plate (right foot)

=
Force plate (left foot)

Vicon
-motion capture system

Fig. 2 Experiment layout

Motion capture analysis at a recording rate of
600 Hz was performed using a Vicon system
with 11 infrared cameras and two force plates.
Launch markers were worn on the club (seven-
iron), right thumb metacarpophalangeal (MP)
joint, and both feet (toe and heel). An MP joint
marker was not used in this study.
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Fig. 3 Image of kinematic analysis model for right-
handed orthodox golf swing sequence
A: Address (start of backswing), B: end of
backswing, C: impact, and D: end of swing
(finish). Arrows indicate the vertical floor
reaction force.
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Preparatory swing was performed 15 times, and hand fatigue was assessed using the Borg CR-10 scale, while
motion capture measurements were performed for 10 swings under three conditions (I, II, and III). The total
number of swings performed was 45, and kinematic parameters (A)—(E) were calculated using the Mann—

Fig. 4 Experiment 1A (40-year-old man)
Whitney U test (two-tailed P < 0.05).
23.7), () 26.0 (25.4-26.6) T, Kruskal-Wallis {7 (P =

0.002) # X U272 H O Mann—Whitney U iE (§X_T P
=0.008) ICBWCHEAZRD % (Fig. 4). £, £HD
fiif B (Et@@@ﬁ@ 2 0%, FIEDARDME : 100%)
IZ2WTH, FfF (D 140 (13.1-14.6), (1) 17.7 (17.2-
17.9), (11) 19.6 (19.1-19.9) T, #2472 H ® Mann— Whltney
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(Fig. 4). &5, A ¥ %27 FREICBWT, E@F}iﬁ
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(Fig. 5).
(Fig. 5).
F 72, HHE 1S O TN T AL ¥ 7RO FOFEITIEIE
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V7 Ry b =7V T DAL VA — FICE A2 344K )12E R R

v \" v \")
30 370
= T
- Swing Borg — - 350
Conditions 229 o oatition  CR-10 (P=.001)
SRG : 25 T
times scale
1 330
Iv. Yes r x
Both hands (left) 15 3 # 310
20
b i J_ — 290
Both hands No 15 4
15 270
SRG: soft-robotic glove (Bioservo Carbonhand) (Not significant)
(A) Club head speed [mis] (B) Stance span [mm]
\" \") v \") v \"/
60 350 800
40 = 250 _I_ - 600
T >
B 30 . 200 . L 500
T 1
l 20 l 150 400
10 100 300
(Not significant) (Not significant) (Not significant)
(C) Right floor reaction ratio [%] (D) Right floor reaction [N] (E) Left floorreaction [N]

Fig. 5 Experiment 1B (35-year-old man)

Preparatory swing was performed 15 times, and hand fatigue was assessed using the Borg CR-10 scale, while
motion capture measurements were performed for 15 swings under two conditions (IV and V). The total
number of swings taken was 45, and kinematic parameters (A)—(E) were calculated using the Mann—Whitney U

test (two-tailed P < 0.05).

Wearing SRG

(strength x swing repetition times) 150 P <*001)
1
1 2 3 140
Non Weak | Strong (P= .,}043) T
(x10) (x10) (x10) 130 —F———1 —
36 120 —I
34 110 T x
(P=.001) -
32 * 100 — -
30 I 90 — -+
T X *_I
28 ——— — 80 ——————(P="-009)
T
et iy
26 —| x _L 70
— 4

Club head speed [m/s] Distance [yard]

Fig. 6 Experiment 2 (70-year-old man with left
hemiplegia)
Using an indoor golf simulator, the club head
speed and estimated distance were measured for
10 swings at each of the three strengths (Non,
Weak, and Strong) while wearing a soft robotic

glove (SRG). Significant changes were
calculated using the Mann—Whitney U test (two-
tailed P < 0.05).
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Abstract

In recent years, soft robot gloves have been introduced as self-help devices for reinforcing grip strength
in daily life, such as for stroke patients, and may be effective in sports such as golf. The biomechanics
of golf swings have been researched previously. Support for golfers with disabilities remains poorly
documented with existing studies focusing on athletes. This study presents kinematic data for the use of
a soft robot glove on one hand in a golf swing performed with a seven-iron assuming recreational golf
for a disabled person with post-stroke left hemiplegia. Two healthy right-handed men with no golf
experience volunteered for participation, and a Vicon motion capture system with two force plates, one
for each foot, recorded kinematic data. The launch marker recorded the club head speed, while the
horizontal foot distance and vertical floor reaction forces were extracted at the impact phase. Swings
with a soft robotic glove on the left hand showed a significantly increased head speed and floor reaction
force of the pivot foot at the impact phase. Wearing a soft robotic glove also reduced hand muscle
fatigue (Borg CR-10 scale 4 to 2 or 3) while maintaining good swings. In addition, measurements using
a simulator showed that swinging with a soft robotic glove on the left hand significantly improved head
speed and estimated distance in left hemiplegic patients after stroke (male, right-handed, Brunnstrom
stage upper limb V, finger IV). In conclusion, the soft robotic glove can be an effective grip-assisted

device for hemiplegic golfers and should be investigated in future case series studies.

Keywords: post-stroke hemiplegia, sports, 3D motion analysis, soft robotic glove, golf swing
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