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Feedforward control of eye movement induced by motor command of arm movement

Hiraoka, Koichi
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The purpose of this study is to test a hypothesis that motor command of the
arm movement concomitantly produces motor command to the eye movement. Arm movement frequently
induced eye motor response when the head was not fixed, but that did not induce eye motor response
when the head was fixed. The latency of the eye movement was longer than the latency of EMG response

in the arm and that of the head movement. There was no significant difference between the latency
of the arm and eye movements. Motor imagery of arm movement and vibratory stimulation over the arm
muscle did not induce eye movement. Those findings indicate that eye motor response is originated
from optokinetic response caused by head motion artifact due to anticipatory postural adjustment
associated with arm movement.

efferent copy



1,2,3

I3

Maioli

descending volley

29 Snyder

10

Steinback

10 Gauther

2

efferent copy

Gauther

11
feedforward

efferent copy
feedforward

group la
12,13,14
15,16,17,18,19
2 3
2
( 3
1, 2
2
30.0x 6.0 9
2 28.6x 6.1
7 3 29
1
1
2 3

LED



2 3
50 ms
2 3 3 1
X 40.6% 2.7 42.8+ 2.3
y z 35.2+ 3.6
44.6x 2.7
1 [F(1, 32) = 0.40,
p = 0.53] [F(1, 32) =
LED 4.12, p = 0.05]
LED 2 [F(1,
500Hz 32)=1.53, p=0.22] 2
50Hz 43.4x 2.5
100Hz 55.4% 6.5
(p = 0.51)
1 2
45°
2,3 1
[F(1, 48) = 1.20, p = 0.28]
1ls [F(2, 48) = 18.55,
p < 0.01]
[F(2, 48) = 1.30, p = 0.28]
2
[F(2, 12) =521.06, p < 0.01]
2
45°
(p < 0.05) 3
0.3
1 500Hz 0.0
50Hz
100Hz 1
5.0+ 1.6 4.6x 1.6
58+ 2.1 4.2
+1.4
2 [F(1, 30)=0.01, p = 0.91]
1ls [F(1, 30)=0.35, p = 0.56]
[F(1, 30)=0.12, p = 0.73]
5.0
1.6 4.6x 1.6
4.8+ 1.1 4.1+ 1.8
[F(1, 30)=1.61, p = 0.21]
[F(1, 30)=0.04, p = 0.84]
[FQ,
100Hz 600 ms 30)=0.14, p = 0.72]



2

2.0 0.7 2.5+ 0.9

(
0.30)

1.0+ 0.2 1.1+ 0.2

(p

0.71)
545+ 19 ms 566+ 32 ms
572+ 38 ms 580+ 30 ms
[F(1, 31)=0.43, p
0.52] [F(1, 31)=0.24, p
0.63]

[F(1, 31)=0.05, p
0.83] 557+ 26
ms 493+ 25 ms

585+ 61 ms
548+ 39 ms
[F(1, 31)=1.05, p = 0.31]
[F(1, 31)=1.57, p = 0.22]

[F(1, 31)=0.11, p = 0.74]
2 496
+ 15 ms 498+ 16 ms
486+ 19 ms
485+ 27 ms
426+ 16 ms 419+ 16
ms

396+ 14 ms 365+ 18 ms

[FG,
[FQ,

48)=17.96, p < 0.01]

48)=0.49, p = 0.49]
[F(3, 48)=0.33, p = 0.80]

(p < 0.05)
(p < 0.05)

66+ 20 ms
60+ 10 ms

-113+ 47°
-130+ 28°

-132+ 38°
-117x 32°

[F(,
30)=0.01, p = 0.94] [F(1,
30)=0.00, p = 0.99]

[F(1, 30)=0.18, p = 0.67]
2

[F(2, 30)=0.86, p = 0.43] [FQ,
30)=0.49, p = 0.49]

[FE,
30)=0.86, p = 0.43] 2

[FE,
15)=0.50, p = 0.62]

(p = 1.00)

D
2)

15,16,17,18,19

20 ms 20



21

3
60 ms
vestibulo ocular reflex 22
10 ms
23
70
ms 24
13,14
[ ]

1 Bock, O. (1987). Coordination of arm and eye
movements in tracking of sinusoidally moving
targets.  Behavioural  Brain  Research,
24(2):93-100.

2 Gauthier GM, Vercher JL, Ivaldi FM et 4.
(1988) Oculo-manual tracking of visua target:
control learning, coordination control and

coordination model.
Research, 73:127-37.

Experimental  Brain

3 Lazzari S, Vercher J, Buizza A (1997)

Manuo-ocular coordination in target tracking:l.
A model simulating human performance.
Biological Cybernetics, 77:257-266.

4 Horino H, Mori N, Matsugi A, Kamata N,

Hiraoka K (2013) The effect of eye movement
on the control of arm movement to a target.
Somatosensory and  Motor  Research,
30(3):153-159.

5 Hiraoka, K., Kurata, N., Sakaguchi, M.,

Nonaka, K., & Matsumoto, N. (2014).
Interaction between the premotor processes of
eye and hand movements: Possible mechanism

underlying eye-hand coordination.
Somatosensory & Motor Research,
31(1):49-55.

6 Maioli C, Falciati L, Gianesini T (2007)

Pursuit eye movements involve a covert motor
plan for manual tracking. The Journal of
Neuroscience, 27(27):7168-7173.

7 Hiraoka, K., Ae, M., Ogura, N., Komuratani,

S., Sano, C., Shiomi, K., ... & Yokoyama, H.
(2014). Smooth pursuit eye movement
preferentially facilitates motor-evoked
potential elicited by anterior—posterior current
in the brain. NeuroReport, 25(5):279-283.

8 Chujo Y, Jono Y, Tani K, Nomura Y. (2016)

Corticospinal excitability in the hand muscles
is decreased during eye movement with visual
occlusion. Perceptual & Motor Skills
122(1):238-55.

9 Steinbach MJ, Held R (1968) Eye Tracking of

Observer-Generated
Science, 161:187-188.

10 Snyder LH, Calton JL, Dickinson AR,
Lawrence BM (2002) Eye-Hand Coordination:
Saccades Are Faster When Accompanied by a
Coordinated Arm Movement, Journal of
Neurophysiology, 87:2279-2286.

11 Wolpert DM, Miall RC. (1996) Forward
Models for Physiological Motor
Control.Neural Network. 9:1265-1279

12 Kito T, Hashimoto T, Yoneda T, Katamoto S,
Naito E.(2006) Sensory processing during
kinesthetic aftereffect following illusory hand
movement elicited by tendon vibration. Brain
Research. 1114(1):75-84.

13 Goodwin GM, McCloskey DI, Matthews PB.
(1972) The contribution of muscle afferents to
kinaesthesia shown by vibration induced
illusions of movement and by the effects of
paralysing joint afferents. Brain. 95:705-748.

14 Yoshimura, A., Matsugi, A., Esaki, Y.,
Nakagaki, K., & Hiraoka, K. (2010). Blind
humans rely on muscle sense more than
normally sighted humans for guiding
goal-directed movement. Neuroscience Letters,
471(3):171-174.

Target  Movements,



15 Decety J, Sjoholm H, Ryding E, Percept Mot Skills. 2016;122(1):238-255.
Stenberg G, Ingvar DH (1990) The doi: 10.1177/0031512515625331,
cerebellum participates in mental activity:
tomographic measurements of regional 3
cerebral blood flow. Brain Research
535:313-317.

16 Stephan KM, Fink GR, Passingham RE, . . 2016
Silbersweig D, Ceballos-Baum, Frith CD, 10 29
Frackowiak RS (1995) Functional anatomy
of the mental representation of  upper

extremity movements in healthy
subjects.  Journal of  Neurophysiology . 2014
73:373-386. 11 21

17 Porro CA, Francescato MP, Cettolo V,
Diamond ME, Baraldi P, Zuian C, Bazzocchi
M, di Prampero PE (1996) Primary motor
and sensory cortex activation during motor .
performance and motor imagery: a functional 2014 11 21
magnetic resonance imaging study. The
Journal of Neuroscience 16:7688 —7698.

18 Lotze M, Montoya P, Erb M, Hulsmann E,
Flor H, Klose U, Birbaumer N, Grodd W
(1999) Activation of cortical and cerebellar o
motor areas during executed and 0
imagined hand movements: an {fMRI
study. Journal of Cognitive Neuroscience
11:491-501. (€H)

19 Jeannerod, M., (2001) Neural simulation of HIRAOKA Koichi
action: a unifying mechanism for motor
cognition. Neurolmage 14:103—109.

20 Lim, C. L., & Yiannikas, C. (1992). Motor
evoked potentials: a new method of controlled
facilitation using quantitative surface EMG.
Electroencephalography and Clinical
Neurophysiology/Evoked Potentials Section,
85(1), 38-41.

21 Massion, J. (1992). Movement, posture and
equilibrium: interaction and coordination.
Progress in Neurobiology, 38(1), 35-56.

22 Dieterich, M., & Brandt, T. (1995).
Vestibulo-ocular reflex. Current opinion in
Neurology, 8(1), 83-88.

23 Crane, B. T., & Demer, J. L. (1998). Human
horizontal vestibulo-ocular reflex initiation:
effects of acceleration, target distance, and
unilateral ~ deafferentation.  Journal  of
Neurophysiology, 80(3), 1151-1166.

24 Gellman, R. S., Carl, J. R., & Miles, F. A.
(1990).  Short latency ocular-following
responses in man. Visual Neuroscience, 5(02),
107-122.

1
Chujo Y, Jono Y, Tani K, Nomura Y,
Hiraoka K. Corticospinal Excitability in
the Hand Muscles is Decreased During
Eye Movement with Visual Occlusion.




