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The Functional Significance of
Arm Movements in Neonates

A. L. H. van der Meer,* F. R. van der Weel, D. N. Lee

Arm movements made by newborn babies are usually dismissed as unintentional, pur-
poseless, or reflexive. Spontaneous arm-waving movements were recorded while new-
borns lay supine facing to one side. They were allowed to see only the arm they were
facing, only the opposite arm on a video monitor, or neither arm. Small forces pulled on
their wrists.in the direction of the toes. The babies opposed the perturbing force so as
to keep an arm up and moving normally, but only when they could see the arm, either
directly or on the video monitor. The findings indicate that newborns can purposely control
their arm movements in the face of external forces and that development of visual control
of arm movement is underway soon after birth.

Moving a limb or the whole body in a
controlled manner requires acting in con-
junction with gravity and other external
forces (1). This means that movements can-
not be represented in any preprogrammed,
context-insensitive way (2). Accurate con-
trol requires on-line regulation of muscular
activation on the basis of perceptual infor-
mation about the dynamics of the limb
movement and the external force field, as
well as about the movement of the limb
relative to objects or surfaces to which it is
being guided. Are neonates capable of such
perceptuo-motor control, or are their move-
ments to be seen as simply reflexive, show-
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ing no evidence of intentionality or control?

To test whether newborn babies between
10 and 24 days take account of external
gravitational forces in moving their limbs,
we measured spontaneous arm-waving
movements while the baby lay on its back
with its head turned to one side (3). Free-
hanging weights, attached to each wrist by
strings passing over pulleys, pulled on the
arms in the direction of the toes (Fig. 1A).
The hand the baby was facing was called the
ipsilateral hand; the opposite hand was
called the contralateral hand (Fig. 1B).

A typical recording of a newborn baby
waving both arms with no weights attached
is shown in Fig. 1C. The seen ipsilateral
hand shows much movement, whereas the
unseen contralateral hand is predominantly
stationary with only occasional movement.
To test whether newborns need to see their
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hand to move it in the same region despite
the force tending to pull it away, we divided
the babies into three groups. In group 1, the
babies could see only the ipsilateral hand
(Fig. 1A). The babies in group 2 were pre-
vented from seeing their arms directly, but
were presented with a real-time video image
of the contralateral arm on a small monitor
placed beside their head. The babies in
group 3 had occluders at the sides of the
head which prevented them from seeing
either arm. The results show that the new-
born babies moved a hand up and down in
the same place despite the pull of the string
on their wrists, but only when they could see
the hand, either directly or on the video
monitor: When a hand was invisible it was
pulled down by the string (Fig. 2). In addi-
tion, the amplitude of movement of a seen
hand was significantly larger than that of an
unseen hand (Fig. 3).

Thus, newborn babies purposely move
their hand to the extent that they will
counteract external forces applied to their
wrists so as to keep the hand in their field of
view. In addition, newborns move their
arms more when they can see them. These
results are in agreement with earlier find-
ings on prereaching (4-6) and hand-mouth
coordination in newborn babies (7) and
counter the view that neonatal arm move-
ments are purposeless, unintentional, and
reflexive and can simply be described as
excited thrashing of the limbs (8-10).

Instead, while watching their moving
arms, newborn babies acquire important in-
formation about themselves and the world
they move in—information babies need for
later successful reaching and grasping begin-
ning at around 4 to 5 months. To success-
fully direct behavior in the environment,
the infant needs to establish a bodily frame
of reference for action. Because actions are
guided by perceptual information, building a
frame of reference for action requires estab-
lishing information flow between perceptual
input and motor output. It also requires
learning about bodily dimensions and move-
ment limitations (11, 12). Here vision plays
an important role, and many lessons in prac-
tical optics have to be learned in the early
weeks before reaching for toys can emerge
(13). Infants have to learn, for example,
how long their arms are in order to perceive
what is within reach and what is out of
reach. It seems likely that a fast growing
infant will need constantly to recalibrate the
system controlling movement, and visual
proprioceptive information is least suscepti-
ble to “growth errors” (14).

It therefore seems plausible that the
spontaneous arm waving of neonates of the
kind measured in our experiments helps in
the construction of a bodily frame of refer-
ence for action. Our findings could have
practical implications for babies with visual
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Fig. 1. (A) An 18-day-old baby taking part in the ex- 0 10 20 0

periments (3). (B) Schematic representation of how the U0 {2

y coordinates of the hands were measured. The hand

the baby was facing was called the ipsilateral hand; the opposite hand was called the contralateral hand.
(C) A typical y coordinate record of a newborn baby waving both arms without weights attached. The thin
line represents the seen ipsilateral hand, the thick line represents the unseen contralateral hand. Each trial
yielded two basic measures: the average y coordinate, measuring the average position of the hand; and
the standard deviation of the y coordinate, measuring the amplitude of the movement of the hand.

Fig. 2. Means of the av- 25
erage y coordinates of
the infants’ wrists in the
no weight, 10% arm
weight, and 25% arm
weight conditions for the
three groups of newborn
babies for the seen ipsi- 20+
lateral hand and the un-
seen contralateral hand
(group 1, n = 5); for the
unseen ipsilateral hand
and the seen contralat-
eral hand, visible in real-
time on a small video
monitor (group 2, n = 5);
and for the unseen ipsi-
lateral hand and the un-
seen contralateral hand
(group 3, with occluders
at the sides of the baby’s
head, n = 5). Each data 10
point represents the 0 10 25

mean of 40 trials (eight Percent arm weight

30-s trials, n = 5). The results show that the newborn babies moved only the hands they could see (that
is, the seen ipsilateral hand and the contralateral hand that was visible on the video monitor) up and down
in the same place despite the pull of the string on their wrist. In contrast, all unseen hands were pulled
down by the string [mixed measures analysis of variance (ANOVA), F(4,24) = 7.38, P < 0.001].
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The amplitudes of movement of the seen ipsilateral hand and the contralateral hand that was visible on the
video monitor were significantly larger than those of all the other unseen hands, indicating that the babies
moved the hands more when they were able to see them [mixed measures ANOVA, F(2,12) = 11.93, P
< 0.002].
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deficits and for the early diagnosis of pre-
mature infants at risk of brain damage. If
early arm movements have an important
function for later reaching skills, then in-
fants with signs of hypoactivity or spasticity
of the arms should be monitored closely for
retardation in the development of reaching,
and possibly other perceptuo-motor skills
too: In such cases, early intervention should
concentrate on helping the baby to explore
its arm and hand movements, both visually
(15) and nonvisually (16).
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Potentiation of Transmitter Release by Ciliary
Neurotrophic Factor Requires Somatic Signaling

Ron Stoop and Mu-ming Poo*

Neurotrophic factors participate in the development and maintenance of the nervous
system. Application of ciliary neurotrophic factor (CNTF), a protein that promotes survival
of motor neurons, resulted in an immediate potentiation of spontaneous and impulse-
evoked transmitter release at developing neuromuscular synapses in Xenopus cell cul-
tures. When CNTF was applied at the synapse, the onset of the potentiation was slower
than that produced by application at the cell body of the presynaptic neuron. The po-
tentiation effect was abolished when the neurite shaft was severed from the cell body.
Thus, transmitter secretion from the nerve terminals is under immediate somatic control

and can be regulated by CNTF.

The differentiation and survival of neurons
in the nervous system depend on the action
of neurotrophic substances (1). Ciliary neu-
rotrophic factor is a protein that promotes
the differentiation or survival (or both) of a
wide range of cell types in the vertebrate
nervous system (2). Administration of
CNTF to chick embryos reduces naturally
occurring motor neuron death (3), and
mice carrying a null mutation in the CNTF
gene show progressive motor neuron atro-
phy and postnatal neuron loss (4). In addi-
tion to the long-term trophic effects of
CNTF, we report here that CNTF also ex-
erts acute regulatory actions on the synaptic
function of developing neuromuscular syn-
apses. The site of CNTF action was exam-
ined by local perfusion of CNTF to the
synapse or the cell body of the presynaptic
neuron in cell cultures. These studies dem-
onstrated that rapid signaling with the cell
body is required for the synaptic potentia-
tion induced by CNTF. The secretory func-
tion of the presynaptic nerve terminal is
thus under an immediate regulation by one
or more factors from the cell body, and such
somatic regulation can be modulated by
CNTF.

Spontaneous synaptic currents (SSCs)
were monitored by whole-cell, voltage-
clamp recordings (5, 6) from the postsyn-
aptic myocyte in 1-day-old Xenopus nerve-
muscle cultures (7). These currents are pro-
duced by spontaneous release of quantal
packets of acetylcholine (ACh) from the
presynaptic nerve terminal in the absence
of action potentials (8). Addition of CNTF
(final concentration 100 ng/ml) to the cul-
ture resulted in a gradual increase in the
frequency of SSCs within 10 to 20 min (Fig.
1, A and B). The average SSC frequency
(over 5-min periods) was determined at dif-
ferent times after CNTF application. A
maximal response was obtained after 25
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min of exposure to CNTF, when the SSC
frequency had increased to an average level
about five times its initial value (Fig. 1, A
and B), although a minority of cells failed to
respond to CNTF at this concentration (9),
Unlike the frequency of the SSCs, the mean
amplitude of the SSCs remained unchanged.
At 25 to 30 min after CNTF addition, the
mean amplitude was 93 * 20% (SEM, n =
9) of that during the control period prior to
CNTF addition, similar to that of the con-
trol cultures. No significant change was ob-
served in the amplitude distribution (Fig. 1,
C and D). The absence of any effect on the
SSC amplitude suggests that the action of
CNTF was predominantly on the probabil-
ity of spontaneous quantal ACh release from
the presynaptic nerve terminal, rather than
on the size of ACh quanta or postsynaptic
ACh sensitivity.

The effect of CNTF on impulse-evoked
synaptic currents (ESCs) was also exam-
ined. Presynaptic neurons were stimulated
at the cell body by an extracellular elec-
trode to fire action potentials at a frequency
of about 0.05 Hz, and postsynaptic record-
ings of ESCs were made at different times
before and after addition of CNTF (100
ng/ml). An example of one recording and
changes in the average ESC amplitude with
time for five experiments are shown in Fig.
2. In control cultures not treated with
CNTF, repetitive tests of evoked synaptic
responses led to a gradual reduction of the
mean ESC amplitude, an activity-depen-
dent synaptic depression known to eccur at
these developing synapses (10). In contrast,
a significant increase in the ESC amplitude
was observed after 10 min in the presence of
CNTF (11). Because no change was ob-
served for the amplitude of SSCs, the in-
crease in ESC amplitude is likely to result
from an increased depolarization-evoked
ACh release from the presynaptic nerve
terminal (12), rather than an increased
postsynaptic responsiveness.

To examine the site of CNTF actions on
the neuron, we used a pair of perfusion
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