
Journal of Neurology, Neurosurgery, and Psychiatry, 1980, 43, 504-509

A silent period in orbicularis oculi muscles ofhumans
JEROME N SANES AND JAMES R ISON

From the Reflex Laboratory, Department of Psychology, University of Rochester, Rochester, New York

SUMMARY Surface electromyographic activity was recorded bilaterally from orbicularis
oculi muscles when subjects relaxed and contracted eyelid muscles. Cutaneous reflex responses were

evoked during both the relaxed and contraction states. Following reflex elicitation periods of
muscle silence in orbicularis oculi were observed for about 10 to 15 ms after the ipsilateral RI
response and for up to 100 ms after the bilateral R2 responses. Reflex responses appeared to be
enhanced when elicited during contractions. Possible physiological mechanisms are discussed
regarding the presence of silent periods in a motor system that is presumably devoid of spindles,
Golgi tendon organs, and Renshaw-like interneurons.

When a reflexive response is elicited in a muscle
which is already in a state of sustained con-
traction, then the additional contraction produced
by the reflex is typically followed by a temporary
cessation of activity. This is the "silent period,"
and its explanation, of which several are current,
relies extensively on the physiology of segmental
interconnections and on the intrinsic properties
of motoneurons. Thus, it may depend on the
withdrawal of excitatory spindle input by unload-
ing the muscle receptor, by autogenic inhibition
produced by Golgi tendon organs, by activation
of Renshaw cells and their recurrent inhibition,
by hyperpolarisation following discharge, and the
ensuing refractory period, or by any combination
of these effects.3 6 17 24 Additionally, there has
been some suggestion that cutaneous afferents
and long propriospinal pathways may mediate
muscle silence after voluntary or reflex con-
tractions." 12

Silent periods are most often studied in load
bearing muscles where all of these segmental
mechanisms may potentially be engaged. The
search for a silent period in the eyelid muscu-
lature, in the palpebral portion of orbicularis
oculi, is especially interesting because of the
absence there of many of these mechanisms.
There are apparently no muscle spindles or Golgi
tendon organs associated with the orbicularis
oculi muscle, nor are interneurons seen in the
facial nucleus.1 2 27 Thus, there seems little likeli-
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hood that autogenic or recurrent inhibition could
produce muscle silence following activation of the
eyeblink reflex arc. In line with the suggested im-
portance of these mechanisms, and of their
absence in orbicularis oculi muscle, there are now
several experiments reporting an absence of a
silent period in orbicularis oculi when an eyeblink
reflex is elicited during sustained voluntary eye-
lid muscle contractions.19 24 25 However, in the
course of several experiments in our laboratory,
concerned with the interactions of reflex respond-
ing and muscle activity conditioned by instruc-
tions2' or Pavlovian conditioning,7 we have ob-
served prominent periods of electromyographic
(EMG) silence following the reflexive bursts of
the cutaneous eyeblink reflex. These unsystem-
atic and somewhat unexpected findings suggested
that the phenomenon should be subjected to a
more orderly study.
The investigation of reflexive activity in orbi-

cularis oculi in this connection may be addition-
ally informative because EMG analysis shows
that the eyeblink reflex is composed of at least
two separate eventsl' 23 that are known to have
different anatomical substrates.5 '8 If, as our pre-
liminary observations suggest, there is a silent
period in orbicularis oculi muscles following its
reflexive activation, there is some further interest
in determining whether each component of the
reflex has a silent period associated with it and
whether silent periods are unilateral or consensual.

Methods

Experiments were performed in an electrically
isolated and sound attenuated chamber on five
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human subjects (23 to 32 years of age) who were
without any observable neurological disorders.
The experimenter and the control apparatus were
outside this room, and thus the subject never
received any inadvertent information concerning
the occurrence of the stimulus conditions. They
were monitored over a closed-circuit TV system
and a sound intercom. Subjects were prepared
for surface stimulation and recording with Beck-
man miniature electrodes using standard methods.
Two stimulation electrodes were fixed with ad-
hesive collars on the forehead over the supra-
orbital branch of the trigeminal nerve. Pairs of
recording electrodes were attached to the skin at
each lateral canthus and just ventromedial to this
site over the inferior portions of the orbicularis
oculi muscles. Intensity of the shock stimulus
that evoked eyeblink reflexes was titrated for
each subject so that elicited Rl responses had an
amplitude at least two times greater than elec-
trical noise at rest. This current varied from
7-0 to 22-0 mA but had a constant duration of
*5 ms. The stimuli were never reported as painful.
Reflex-eliciting stimuli were presented to all sub-
jects when they were relaxed and when they were
contracted. In the former case, the eyelids were
open whereas during contraction the lids tended
to be closed. Subjects were instructed to "strongly
contract" both orbicularis oculi muscles simul-
taneously. Sometimes a "moderate" contraction
was required. For four of the subjects con-
traction periods were alternated with periods of
muscle relaxation and for one subject the con-
traction was maintained until all trials were
delivered. These four subjects contracted and
relaxed eyelid muscles at their own pace. Subjects
were also instructed to maintain contractions for
a short while (two to five s) after delivery of the
test stimulus. On the average, trials were pre-
sented every 15 s (range 5 to 30 s) with very few
triaJs delivered at the short intertrial interval.
For the remaining subject ten shock trials were
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presented with an intertrial interval of 15 to 20 s
during maintained muscle contractions. Five
trials each were taken before and after onset of
the prolonged contraction with an intertrial
interval of 15 to 20s. In all cases reflex eliciting
stimuli were delivered unpredictably by the
experimenter from outside the chamber during
muscle contractions or relaxation until at least
ten of each trial type had been presented.
For numerical analyses, EMG activity from

each trial was first half-wave rectified and then
the peak voltages were summated, in 12 ms bins,
for 96 ms prestimulus and for 240 ms post-
stimulus, starting ten ms after the shock onset.
These values were summed and means were
obtained. The mean values were used for the
data analyses. Confidence limits were constructed
about the individual subjects' baseline EMG
activity and also for the group mean values. The
confidence limits for the grouped data were
constructed using the degrees of freedom from
the repeated measures analyses of variance and
a Student's t-table.

Results

Examples of EMG activity from one subject are
depicted in fig 1. When the eyelid muscles were
relaxed the reflex stimulus elicited the unilateral
R 1 and the bilateral R2 responses. For this
subject the signal to noise ratio of R1 responses
at rest was not substantial (fig 1, middle panel),
but during the voluntary contraction the RI
burst was typically enhanced. This was clearly
evident in the traces when moderate contractions
were performed (fig 1, right panel). All five
subjects showed this same effect. When subjects
performed near maximal contractions of orbi-
cularis oculi muscles the size of the voluntary
EMG activity sometimes obscured the RI
response (fig 1, left panel).

Reflex elicitation during sustained contractions

Moderate
Fig 1 Electromyographic
reflex activity and silent period
in orbicularis oculi muscle.
Ipsilateral responses from
subject JF during maximal
contractions (left), relaxed

w state-labelled control (centre),
and moderate contractions
(right). Arrows indicate onset
of reflex shock. Additional
description in text.
Calibrations= 2S ms.
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Table Relative EMG activities from orbicularis
muscles

I IL A.

Contralateral

-A.L.~~~~~~~~~~~~~~~

-1,Ur-r-lu ia l

R

M

Ipsilateral EMG
61 73

JF 50-Ot 9.3t
LP 56-4t 50-5t
DB 55-8t 41 6t
MB 44-2t 69-2t
JS 60 3t 56-Ot
Nl 53 3 45.3

Contralateral EMG
61 73 85

JF 72 7t 21-8t 22-7t
LP 39-3t 68-Ot 104 9
DB 64-9t 57-7t 74 7t
MB 44-3t 76-6t 97-1
JS 49-5t 58-2t 69-7t

. r.1-1 , T1 1l"111

Fig 2 Ipsilateral and contralateral
EMG reflex responses and silent period
from LP during relaxed state (R) and
near maximal contraction (M). The
arrow indicates onset of reflex stimulus.
Stars under both the ipsilateral and
contralateral traces illustrate the
appearance of R3 responses when
voluntary contractions of orbicularis
oculi were performed.
Calibration = 20 ms.

of the orbicularis oculi muscles resulted in a
decrement of EMG activity after reflex activation
o-f the muscle. This is illustrated in the traces of
fig 1 (left panel) when this subject was required
to maintain a near maximal contraction of the
eyelid muscles, but it was also present during a
moderate contraction (fig 1, right panel). Note
the diminution of EMG activity after the RI and
R2 responses in the ipsilateral recordings and in
the contralateral recording, from another subject,
(fig 2) only after the R2 response.
For the RI response there was some within-

subject variation in the duration of the silent
period over trials but little variation in the
relative decrement in EMG activity during the
muscle silence (fig 1, left panel). Immediately
after the occurrence of the RI response there was
a significant decline in EMG nctivity (p<0 ^1 )
that varied for the group of subjects from 45 to

M 54.1 56 5 73 8 67-7 68-3 81 1 91 7

*Refers to time of beginning of a 12 ms summation epoch after onset
of reflex shock.

1 Indicates relative EMG activity significantly below control level,
p. 0 01. (Pre-slhock mean EMG activity set at 100%.)

81 0/% of control levels. It should be noted that
the resolution of the analysis procedures was
limited and failed to illustrate the sometimes
greater relative declines in EMG amplitude after
R1. For example, inspection of fig 1 (left panel)
revealed the near complete cessation of EMG
activity after RI.
The sizes of the ipsilateral and contralateral R2

res,ponses did not appear to be decreased by the
preceding RI silence but were slightly (but non-
significantly) greater than the R2 responses
elicited during the relaxation state. There was
considerable between-subject variation in the
amount of EMG silence after the R2 response.
The table presents the relative EMG activity from
orbicularis oculi muscles of each individual and
the group mean EMG amplitudes from 61 to
144 ms after onset of the reflex eliciting
stimulus. Also of note was the occasional appear-
ance of the R3 response in the silent period (for
example, fig 2) during near maximal contrac-
tions. This occurred even if R3 responses were
not evoked when the orbicularis oculi muscles
were at rest. Thus, the muscle silence that
affected the expression of the voluntary contrac-
tion had no decremental effect upon subsequent
reflex activity.
The grouped (n=5) absolute EMG amplitude

data across all intervals pre- and post-stimulus
are depicted in fig 3. When subjects were con-
tracting the eyelid muscles the EMG activity of
orbicularis oculi muscles for the group was, of
course, greater than at rest. This was observed
throughout the complete sampling period from
100 ms before to 240 ms after reflex elicitation.
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Ipsilateral

85
8-9t

94-5t
55 5t
81- It
74-7t
62-9

97
7.9t
61*3t
73Ot
71-4t
48 3t
52-4

97
22-3t
72-8t
96 7
85*6t
61 Ot

109
14-2t
66-4t
64.4t
92-8t
84-8t
64-7

109
22 7t
69-Ot
87Ot
82-6t
80-t

121
29-7t
64-7t
105-0
85-0t
100-5
77-2

121
38 8t
71*9t
96-8
97.9
100 0

133*
39 5t
109-5
84 9t
96-6
108-9
87-9

133*
55.Ot
124-4
90.0
101*6
86 6t
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Fig 3 Mean EMG activity for the group during
relaxation and contraction of eyelid muscles. Upper
panel-ipsilateral EMG. Open circles connected by
dashed lines indicates relaxed state, while closed
circles connected by solid lines indicates contraction
state. Lower panel-contralateral EMG. Same symbols
as before. Dashed lines indicate the upper and lower
boundaries of the 95°h confidence limits construicted
about the error term from the analysis of variance.
See text for additional description.

Inferential analyses revealed a main effect of
contraction state, F(l, 4)=42-76, p<0005.
Only minor fluctuations of the averaged EMG

activity from the group were observed in the
baseline period. In comparison to this re,lative
stability of activity, several changes in summed
EMG activity occurred after delivery of the
reflex eliciting stimulus: These were related to
the presence of RI (ipsilateral) and R2 (bilateral)
and the silent periods that followed each of the
responses. For the group, the EMG activity
recovered to pre-response baseline levels by about
100 ms or 200 ms after reflex elicitation during
the relaxed or contraction states, respectively.
Statistical analyses indicated t,hat these changes in
FEMG activity over time were significant, F(27,
108)= 19 42, pK0 0001. Additional analyses
showed that there was an interaction between the
side of recording and intervals, F(27, 108) =

5-59, p-O0001, the interaction resulting because
of the absence of the early RI component in the
contralateral recording.
One additional finding was that the latencies

of both the ipsilateral RI and R2 responses
decreased when reflexes were elicited during near

5r7

maximal contractions (RI: t [4] = 4 08, p <
0-01; R2; t[4] =3-35, p<O005, two-tailed). The
RI latency for the group was 13-45 ms in the
muscle relaxation condition and 10 92 ms during
eyelid muscle contractions. For these same condi-
tions, the ipsilateral R2 response latency was
38 - 67 ms and 33 - 7 ms in the relaxed and con-
traction state, respectively.

Discussion

The major finding of note is that there is a silent
period in the eyelid musculature when reflexive
a,ctivity is elicited in the midst of a voluntary
contraction. If it is agreed that the common
physiological mechanisms that are presumed
responsible for silent periods in limb musculature
are not availa.ble to orbicularis oculi mus.cle then
other explanations must be sought for the present
findings. Some characteristics of the current and
other results suggest that the effects occur at
levels rresynaptic to the facial motoneuron.
First, since the refractory period of facial moto-
neurons endures for only about 2 to 3 ms9 and
subnormal excitability of facial reflexes following
conditioning cutaneous stimuli lasts for only
about 40ms,13 facial motoneurons would appear
to be easily excited after discharge or preliminary
tactile stimulation. Secondly, it is important to
note that although the volitional EMG activity
was depressed, all reflex components appeared to
be enhanced when reflexes were elicited during
voluntary contractions. Indeed, more systematic
experiments have shown that both components
of the eyeblink reflex are enhanced for up to
3 - 2 s after onset of maintained voluntary contrac-
tion of orbicularis oculi muscle.21 This would
suggest that the input from upper motoneuro.ns
that mediate volitional activation of facial moto-
neurons is disrupted either by a gating mechanism
activated by reflex stimuli or by the occurrence of
the reflex itself. In the peripheral limb muscul-
ature this function is usually assigned to the
muscle spindle; that is drive from the alpha moto-
neuron tends to unload the spindle apparatus
thereby automatically reducing the amount of
spindle drive on t.he alpha motoneuron and a
muscle silent period ensues.

Since there appear to be no muscle spindles in
the pialpebral musculature' the above mechanisms
for muscle silence cannot be invoked. However,
a mo-re complicated mechanism utilising
cutaneous afferent activity as the source of feed-
back has been hypothesised in the control of
skilled behaviour in the limrbs; a similar mech-
anism may also be involved in the orbicularis
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oculi muscle. The experimental basis of the
mechanism is the effect of perturba-tions on

skilled motor performance. When task perform-
ance is artificially accelerated voluntary drive is
temporarily withdrawn and an effect similar to a
silent period is seen.'4 The latency of the effect,
and the effects of anaesthetics upon it suggest
that this silent period results partially from
cutaneous as well as muscle afferents.'5 This
"silent period" is interpreted not as a segmental
effect but as the outcome of a central colm-
parison of obtained feedback with an "expected"
feedback based on some sort of corollary dis-
charge26; when incoming response-produced
stimulation exceeds that level set by the corollary
discharge, then the programmed drive onto the
motor neuron is reduced. Conceptual schemes of
this sort are described by Kelso and Stelmach,8
and Phillips and Porter20 have described a neural
model of cortical and subcortical interaction that
could provide a neural substrate for such a
scheme. It is apparent that the conceptual
mechanisms described by these writers would be
sufficient to produce a silent period in orbicularis
oculi muscle. That is, the additional burst of
reflex activity, summed with that normally
present during the voluntary contraction, would
necessarily exceed that level programmed with the
contraction, and, thus, the drive onto the moto-
neuron would temporarily diminish. The rapidity
of the adjustment and its appearance only after
reflex resnonses in both the ipsilateral and contra-
lateral orbicularis oculi muscles suzgests that the
hvnothetical "comparator mechanism" is in the
brainstem, close to the final pathway to the facial
motoneurons. Whether these mechanisms operate
to generate the silent period in orbicularis oculi
is sneculative. However, the sensory basis for such
comnarisons exists as has been shown by the
findings that activation of facial and trigeminal
cutaneous afferents alters excitability and dis-
charge rates of facial motoneurons.9 16 28 29
Why we observed silent periods in orbicularis

oculi muscle when other experimenters, using
apparently similar methods, did not, is a matter
for conjecture. It may be that these reported
failures resulted fro.m a choice of stimulu.s vari-
al-des that were not suitable for eliciting vigorous
reflex contractions. In faict a careful examination
of fig 5 in the Penders and Delwaide report'"
discloses that there were slight decrements in the
voluntary EMG activity following reflex activity.
In addition to -the possibility that e.arlier
researchers did not use sufficiently intense elicit-
ing stimuli, it has recently been shown that other
stimulus variables affect the expression of eyelid

Jerome N Sanes and James R Ison

reflex activity. If eyeblink reflexes are elicited
very soon after the onset of voluntary activity
then the R2 component is markedly depressed2'
as it is also if the eliciting stimuli are presented
in a fixed repetitive cycle,4 22 or following a
warning sign.al.7 Warning signals may be inad-
vertently given if the subject and experimenter
share the same environment and many earlier
*experimenters used a relatively uncontrolled
setting for their experiments. As noted above,
any account of these discrepancies mu.st be
speculative, but there can be appreciable diminu-
tion in voluntary activity in orbicularis oculi
muscles following reflex action in.the same.
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