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The effect of a prepulse stimulus on the EMG rebound
following the cutaneous silent period
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The cutaneous silent period (CSP) is a spinal inhibitory reflex mediated by A§ fibres. The
postinhibitory rebound of electromyographic (EMG) activity following the CSP has been
mainly attributed to resynchronization of motoneurons, but the possibility of startle reflex
activity contributing to the EMG burst has also been suggested. Several types of reflexes may
be suppressed by a preceding weak stimulus — a phenomenon called prepulse inhibition (PPI).
Our aim was to study whether PPI would diminish the EMG rebound, thereby providing
further evidence for excitatory reflex activity contained within the postinhibitory EMG rebound
following the CSP. Ten healthy subjects underwent CSP testing following noxious digit II
stimulation in two conditions, with and without a prepulse applied to digit ITI. Rectified surface
EMG recordings were obtained from right orbicularis oculi, sternocleidomastoid and thenar
muscles of the dominant hand during thumb abduction with 25% of maximum force. The area
of the EMG rebound and the EMG reflex responses in orbicularis oculi and sternocleidomastoid
were significantly smaller in recordings where a prepulse stimulus was applied 100 ms before
the stimulus as compared to control responses without prepulse. CSP onset and end latency,
CSP duration, and the degree of EMG suppression were not influenced. Prepulses significantly
reduced subjective discomfort as based on visual analog scale scores. Inhibition of the EMG
rebound by prepulse stimulation supports the hypothesis that the excitatory EMG activity
following the CSP contains not only resynchronization of motoneuronal firing, but also an
excitatory reflex component. The most probable type of reflex seems to be a somatosensory
startle reflex, a defence reaction which is generated in structures located in the caudal
brainstem following an unexpected intense stimulus. Reduction of the discomfort associated
with high-intensity electrical fingertip stimulation by a prepulse without affecting CSP
parameters underlines the utility of PPI in the context of CSP testing.
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The cutaneous silent period (CSP) is a spinal inhibitory
reflex mediated by A$ fibres (Uncini et al. 1991; Leis
et al. 1992; Kofler, 2003; Floeter, 2003; Romaniello et al.
2004). Upper limb CSPs constitute the inhibitory part of
a complex preattentional protective reflex (Inghilleri et al.
1997; Leis et al. 2000; Kofler, 2003; Kofler et al. 2004),
which operates in a timely manner together with excitatory
withdrawal flexor reflexes serving to retract the hand away
from a noxious stimulus (Floeter et al. 1998; Rossi et al.
2003). Both inhibitory and excitatory components seem to
share common spinal neural circuitry, which is activated
by high-threshold, low-diameter AS fibres.
Post-inhibition excitatory electromyographic (EMG)
activity following the CSP occurs regularly at latencies
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exceeding those typical of transcortical long loop reflexes
(Deuschl & Eisen, 1999). This EMG rebound period
has been mainly attributed to resynchronization of
motoneuronal firing (Kranz et al. 1973), but in the
lower limbs has also been suggested to represent a
spino-bulbo-spinal reflex mediated by group III afferents
(Gassel & Ott, 1970). Recently, Kofler & Poustka (2005)
suggested that there may be startle reflex activity
coinciding in time with the EMG rebound. It is
likely that the size of the rebound depends on both
resynchronized motoneuron firing following suppression
(Fetz & Gustafsson, 1983) and reflex activity (Gassel & Ott,
1970; Kofler & Poustka, 2005). While a resynchronized
burst of activity would be related to motoneuronal firing
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properties underlying ongoing muscle activation, reflex
activity would be related to the stimulus properties
eliciting such activity.

The magnitude of reflex activity can be experimentally
decreased, together with the perceived intensity of the
stimulus, when the reflex-triggering stimulus is preceded
by a weak prepulse (Graham, 1975; Blumenthal, 1999).
Prepulse inhibition (PPI) is well known in the domain of
the startle (Graham, 1975), but it has also been described
in other exteroceptive reflexes such as the blink reflex
(Ison et al. 1990; Rossi & Scarpini, 1992; Valls-Solé et al.
1994) and the masseteric inhibitory reflex (Gémez-Wong
& Valls-Solé, 1996). PPI is maximal at interstimulus
intervals around 100 ms and operates both within and
across sensory modalities. For example, acoustic prepulses
can reduce both the magnitude of the startle reflex elicited
by an intense noise or air puff and the perceived intensity
of the startling stimuli (Blumenthal ef al. 1996; Swerdlow
et al. 1999). Electrical prepulses have been reported to
inhibit the auditory blink reflex (Valls-Solé et al. 1999)
and the reflex elicited by intense electrical stimuli (Ison
et al. 1986; Blumenthal & Swerdlow, 2002).

The aim of the present study was to investigate prepulse
modulation of the EMG rebound following the CSP. We
hypothesized that a weak electrical prepulse presented to
the third digit would suppress part of the EMG rebound
activity following the CSP elicited by a noxious stimulus
to the index finger. The amount of PPI of the EMG activity
would determine the amount of reflex activity and discern
it from the activity related to posthyperpolarization
resynchronization of motoneuronal firing.

Methods

Subjects

Twelve healthy subjects with a mean age of 33 & 5.9 years
(8 men, 4 women) with no history of neurological
disorders underwent repeated CSP testing after granting
informed consent. Data of two subjects had to be excluded
from analysis. In one of them, thenar recordings showed
a previously unrecognized tremor at 10 Hz, compatible
with enhanced physiological tremor. In the other
subject, orbicularis oculi and sternocleidomastoid
recordings contained artefacts due to metallic material
implanted in the zygomatic bone following a fracture.
The study was approved by the local ethics committee of
the Instituto Guttmann, Hospital de Neurorehabilitaci6 in
compliance with the Declaration of Helsinki.

Experimental set-up

Subjects were seated upright in a comfortable chair.
The dominant arm (8 right, 2 left) was positioned on
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a table in front of the subject, with the shoulder in a
neutral position, the elbow joint maintained at a 90 deg
angle, the hand held in a slightly pronated position,
and the fingers extended. The subjects were then asked
to perform thumb abduction as if ‘hitch-hiking, but
the movement was blocked by a custom-made force
transducer when the thumb reached a 45deg angle.
Maximum voluntary thumb abduction was determined
three times over 5s and was monitored by visual
feedback of the applied force (in kiloponds) on a display
as measured by the force transducer. Rectified surface
electromyographic (EMG) recordings were obtained from
thenar muscles on the dominant side for CSPs, and
from right orbicularis oculi and sternocleidomastoid
for eventual startle reflexes. Electrodes were attached
in a belly tendon fashion with a 3 cm interelectrode
distance (thenar and sternocleidomastoid), or below
and lateral to the eye (orbicularis oculi), respectively.
Routine electrodiagnostic equipment (Medelec Synergy,
Cardinal Health, Surrey, UK) was wused in all
experiments.

Stimulus characteristics

Sensory thresholds (ST) were determined as previously
described (Kofler, 2003) for digit II, and subsequently for
digit IIT of the dominant hand, using constant current
square wave electrical stimuli of 0.5 ms duration delivered
through ring electrodes attached around the distal two
phalanges. Subjects were then asked to evaluate subjective
pain perception on a visual analog scale (VAS; 0 = no pain;
10 = most severe pain) when stimuli intended to induce
the silent period were applied at rest to digit II, either
alone or preceded 100 ms earlier by a prepulse applied to
digit III. Based on previous studies, we used an intensity of
25 times sensory threshold (25ST) for induction of CSPs
(Kofler, 2003, 2004; Kofler et al. 2004) and 2 times ST
(2ST) for induction of prepulse effects (Valls-Solé et al.
2005).

Experimental procedure

Subjects were asked to activate the thenar muscles for
periods up to 10s with 25% of individual maximum
force, which was continuously monitored by visual feed-
back of the force transducer, and by audio feedback of
the EMG signal recorded from thenar muscles, followed
by rest periods of 10 s. Stimuli were applied after 3-7 s of
continuous voluntary contraction when the force level had
stabilized, but subjects were asked to maintain contraction
for a further 2 s following stimulation. Subjects received
at random either single stimuli of 25ST to digit II (control
trials, CSP-only, number of trials 15) or paired stimuli
of 25ST to digit I preceded 100 ms earlier by a prepulse
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stimulus of 2ST applied to digit III (test trials, CSP-PP,
n=15), in order to avoid habituation. Additionally, we
applied single unexpected stimuli at rest with 25ST to
digit II (startle reflex, SR-only; n=7), and with 2ST to
digit III (PP-only; n=3), randomly interspersed among
control and test trials.

Data acquisition and measurement

Single sweeps of 1000 ms were recorded including a
200 ms prestimulus delay before digit II stimulation
(Fig. 1). Off-line averaging of thenar EMG responses was
done separately for control and test trials using Matlab
(The MathWorks, Natick, MA, USA). Mean rectified
EMG amplitudes were established in each subject for
the following periods: during the first 100 ms (baseline
EMG); during the CSP, which was defined by a drop of
rectified EMG below 80% of baseline EMG and the final
return above 80% of baseline EMG at appropriate latencies
(Kofler, 2003); and during a 100 ms period following the
CSP end latency (EMG rebound). As the exact duration
of the postinhibitory EMG rebound is often difficult
to define with certainty, we decided to measure a fixed
window of 100 ms to avoid as much contamination with
eventual voluntary reactions as possible, as in previous
studies on the startle reflex (Kofler et al. 20015, 2006). In
prepulse containing traces, a 100 ms period following
the prepulse was also measured (postprepulse EMG)
(Fig. 1). The amount of EMG attenuation during the CSP
was expressed as the percentage of the average rectified
EMG amplitude during the CSP divided by the average
rectified baseline EMG amplitude (index of suppression).
The amount of EMG rebound following the CSP was
expressed as the percentage of the average rectified EMG
rebound amplitude divided by the average rectified base-
line EMG amplitude.

Latency and area under the curve of reflex responses in
orbicularis oculi and sternocleidomastoid were measured
in non-averaged single rectified traces, and the resulting
values were arithmetically averaged according to the
four experimental conditions (CSP-only, CSP-PP, SR-only,

Figure 1. Rectified averaged EMG trace with a
200 ms prestimulus delay preceding the noxious
stimulus

Schematic representation of the rectified averaged
EMG trace with a 200 ms prestimulus delay preceding
the noxious stimulus (thick arrow); including the period
of baseline EMG preceding the prepulse (PP, small
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PP-only). Missing responses were assigned a zero area
value, but no latency value.

One-way ANOVA was used to assess the effect
of condition on the latency of orbicularis oculi and
sternocleidomastoid reflex responses. Wilcoxon’s test was
used to compare CSP onset latency, end latency and
duration, as well as index of suppression, area of orbi-
cularis oculi and sternocleidomastoid reflex responses,
baseline EMG, postprepulse EMG, and EMG rebound.
The level of statistical significance for all comparisons was
setat P < 0.05.

Results

All subjects were able to complete the experiments without
difficulty. VAS score at rest was 6.1 £ 1.5 (mean % s.D.)
in trials without prepulse, and 4.5+ 1.6 in trials with
prepulse (P < 0.001). MVC for thumb abduction was
1.6 £ 0.6 kp (corresponding to 15.7 £5.9N), and 25%
MVC was 0.4+ 0.1kp (corresponding to 3.9+ 1.0N).
Sensory thresholds were 1.0 0.4 mA following digit II
stimulation, and 0.7£0.3mA following digit III
stimulation. Figure 2 shows trials from a representative
subject, showing CSPs with and without prepulse.

Mean baseline EMG was not significantly different in
CSP-only and CSP-PP (Table 1). In order to exclude
an effect of the prepulse on the baseline EMG activity
immediately preceding the noxious stimulus (e.g. in
form of a cutaneomuscular reflex, which could in turn
cause reduced thenar contraction and lead to less EMG
rebound activity), we also compared mean baseline
EMG with mean postprepulse EMG in those traces
containing a prepulse. There was, however, no significant
difference between baseline EMG and postprepulse EMG
(21.7 £ 11.6 mV versus21.2 £ 11.8 mV; P = 0.39).

Effect of a prepulse on CSPs and EMG rebound
in thenar muscles

Group average CSP onset and end latency, CSP duration,
and the index of suppression were not influenced by the

CSP CSP

onset end
4 4 PPI
1 1
1 1

broken arrow), and the postprepulse EMG period
(between prepulse and noxious stimulus). The
cutaneous silent period (CSP, between CSP onset and
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prepulse (P> 0.3) (Table 1). However, EMG rebound
was significantly smaller in CSP-PP than in CSP-only
(P=0.02) (Table 1, Fig. 3). EMG rebound values did
not systematically change over time in either condition
(with or without prepulse), indicating no habituation with

repeated stimulation.
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Table 1. EMG amplitude, CSP onset latency, CSP end latency, CSP duration, index
of suppression, and EMG rebound amplitude obtained in thenar muscles following

noxious digit Il stimulation

CSP-only CSP-PP P
Baseline EMG amplitude (mV s) 22.1(4.1) 21.7 (3.7) 0.33
CSP onset latency (ms) 44.9 (3.0) 45.0 (1.4) 0.91
CSP end latency (ms) 124.1 (3.9) 124.1 (3.5) 0.73
CSP duration (ms) 79.2 (5.7) 79.1 (4.0) 0.91
Index of suppression (%) 40.4 (3.0) 38.9 (3.0) 0.44
EMG rebound amplitude (mV s) 31.5(4.3) 27.6 (3.3) 0.02

Mean and standard error of baseline EMG amplitude (from —200 ms until —100 ms
preceding the noxious stimulus), CSP onset latency, CSP end latency, CSP duration,
index of suppression, and EMG rebound amplitude (during 100 ms following the
end of the CSP) obtained in thenar muscles following noxious digit Il stimulation (25
times sensory threshold intensity). Note the significant decrease in EMG rebound

amplitude in traces containing a prepulse (CSP-PP)
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Effect of a prepulse on reflexes in orbicularis oculi
and sternocleidomastoid muscles

Reflex responses were recorded in orbicularis oculi
(F323=0.069; P=0.98) and in sternocleidomastoid
muscles (F3 19 =1.06; P=10.39) to stimuli delivered in

Figure 2. Responses recorded from thenar,
orbicularis oculi and sternocleidomastoid
muscles

A and B, representative examples of single (4)
and averaged (B) responses recorded from
thenar, orbicularis oculi (OOc) and
sternocleidomastoid (SCM) muscles following
digit Il with 25 times sensory threshold intensity,
without (left) and with (right) a prepulse
delivered to digit Ill with 2 times sensory
threshold intensity.
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Figure 3. Distribution of individual values of EMG rebound
amplitudes relative to baseline EMG amplitudes in 10 subjects

all conditions. However, responses recorded in trials
containing prepulses were smaller and inconsistent. The
area under the curve was significantly smaller in CSP-PP
and PP-only than in CSP-only and SR-only in both
orbicularis oculi (P < 0.03) and sternocleidomastoid
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(P <0.04), but it did not differ significantly between
SR-only and CSP-only (Fig. 4).

Discussion

This study reports for the first time an inhibitory effect
of a prepulse on the EMG rebound following the CSP
induced in a hand muscle, thus supporting the hypothesis
that the post-CSP EMG rebound contains an excitatory
reflex component, which, based on the latency and the
nature of the underlying stimulus, is compatible with
a somatosensory startle reflex. Furthermore, our results
indicate that prepulse stimuli significantly reduced the
subjective sensation, so that weak lead stimuli may be
applied in CSP testing in order to reduce the discomfort
associated with noxious electrical stimuli delivered to
fingertips without affecting CSP parameters.

PPI is a basic neurophysiological mechanism elicited
by a subthreshold stimulus preceding a suprathreshold
stimulus by a brief interval, thereby suppressing excitatory
reflex activity evoked by the suprathreshold stimulus.
The underlying loop is located in the upper brainstem
and involves the pedunculopontine nucleus. PPI has
been demonstrated for the R2 component of the blink
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Figure 4. Mean latency and area of orbicularis oculi and sternocleidomastoid muscles

Mean latency and area of orbicularis oculi and sternocleidomastoid muscles in the experimental conditions
'CSP-only’ (stimuli of 25ST intensity to digit Il during target muscle contraction), ‘CSP-PP’ (paired stimuli of 255T
intensity to digit Il preceded 100 ms earlier by a prepulse stimulus of 2ST intensity applied to digit lll during target
muscle contraction), ‘SR-only’ (unexpected stimuli at rest with 25ST intensity to digit Il) and ‘PP- only’ (unexpected
stimuli at rest with 2ST intensity to digit Ill). Numbers in the panels on the left side indicate the number of subjects
who had at least one response in the various experimental conditions.
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reflex elicited by electrical supraorbital nerve stimulation
(Ison et al. 1990; Rossi & Scarpini, 1992; Valls-Solé
et al. 1994), the auditory blink reflex (Valls-Solé et al.
1999), the auditory startle reflex in the orbicularis
oculi muscle (Valls-Solé et al. 1999), and the second
masseteric suppression period (SP2) (Gémez-Wong &
Valls-Solé, 1996). PPI has only rarely been demonstrated
in extracranial muscles following auditory stimuli (Miiller
et al. 2003). Suppression of the EMG rebound following
the CSP is the first demonstration of PPI upon a putative
spinal reflex. The lack of effect on the CSP and the
concomitant presence of an effect on the EMG rebound
resembles what is seen with the blink reflex, i.e. no or
little effect on the blink reflex component R1, but clear
suppression of the R2 component, and with the masseteric
inhibitory reflex, i.e. lack of effect on the masseteric
suppression period SP1 but a clear effect on the masseteric
suppression period SP2.

The CSP is considered to be a protective spinal
inhibitory reflex mediated by Aé fibres and is present in
both upper and lower limb muscles (Uncini et al. 1991;
Leis et al. 1992; Kofler, 2003; Floeter, 2003; Romaniello
et al. 2004; Tataroglu et al. 2005; Svilpauskaite et al. 2006).
The distinct timing and magnitude of EMG suppression
in different upper limb muscles indicate a functional
organization of the underlying spinal circuitry (Kofler,
2003; Kofler et al. 2004). Studies using H-reflexes, F-waves,
and motor evoked potentials suggest that motoneuron
inhibition is mediated by spinal inhibitory interneurons
(Uncini et al. 1991; Walk & Fisher, 1993; Inghilleri et al.
1995; Leis et al. 1995; Leis et al. 1996; Inghilleri et al.
1997; Manconi et al. 1998; Logigian et al. 1999; Kofler
et al. 2001a; Floeter, 2003). Only very few synapses seem
to be interspersed as habituation is virtually absent (Kranz
et al. 1973; Uncini et al. 1991; Floeter, 2003). Supraspinal
influence upon the CSP mediating pathways has been
postulated based on studies in patients with spinal cord
injury, minor stroke, amyotrophic lateral sclerosis, and
compressive cervical myelopathy, which revealed either
less EMG suppression or a delayed CSP onset (Logigian
et al. 1999; Gilio et al. 2008; Stetkarova & Kofler, 2009).

Nociceptive EMG modulation as tested by means of
motor evoked potentials conditioned by high intensity
electrical finger stimulation (Inghilleri ef al. 1995; Kofler
et al. 2001a) revealed motor evoked potential amplitude
facilitation in muscles involved in withdrawing the hand
from a noxious stimulus, suggesting that withdrawal
reflexes represent the underlying neurophysiological
principle of the observed facilitatory effects. In contrast,
CSPs seem to reflect part of the inhibitory effects seen as
motor evoked potential amplitude suppression in muscles
involved in reaching and grasping (Kofler et al. 2001a).
CSPs and motor evoked potential amplitude suppression,
however, are not completely interchangeable (Kofler et al.
2008). Based on a different time course of maximum
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changes in motor evoked potential amplitude and latency
induced by conditioning noxious finger stimulation, a
possible role of modulatory brainstem influence on spinal
nociceptive circuitry has previously been suggested (Kofler
etal. 2001a).

The EMG rebound following the CSP has scarcely been
investigated, and its nature remains a matter of debate.
The first to note that an excitatory reflex activity was
present following the CSP were Gassel & Ott (1970),
who suggested a spino-bulbo-spinal reflex mediated by
group I1I afferents in the lower limbs. In contrast, applying
single motor unit recordings, Kranz et al. (1973) found
increased firing probability following the CSP, but only
1 of 62 motoneurons showed an increase in discharge
frequency following inhibition; recruitment of additional
motoneurons following inhibition was considered to be
unlikely due to the Henneman principle (Henneman
et al. 1965). Kranz et al. (1973) attributed the EMG
rebound mainly to resynchronization of motoneuronal
activity following a period of reduced firing probability
during the CSP. This concept was taken up by Fetz
& Gustafsson, 1983), but was further elaborated and
critically discussed by Tirker & Powers (1999, 2001,
2005). Resynchronization of motoneuronal activity is also
consistent with the lack of significant difference in the
magnitude of the EMG rebound between normal controls
and patients with brachial dystonia or Parkinson’s disease,
despite a longer CSP duration in both patient groups
(Pullman et al. 1996).

A potential influence of low-threshold afferents on the
ensuing EMG trace in form of a cutaneomuscular reflex
induced by the prepulse has to be considered as well. The
typical cutaneomuscular reflex contains alternating phases
of inhibition and excitation, usually termed E1, I1, E2, 12
and E3 (Tiirker & Powers, 2005). While some of these
EMG undulations may be true reflexes, others may be due
to ‘electro-technical’ artefacts (Tiirker & Powers, 2005).
The first phase of altered excitability to appear with low
stimulus intensity is the I2 phase with latencies around
70 ms (Caccia et al. 1973). A later phase of excitation
termed cLLR III (with a mean latency of 76 ms following
radial nerve stimulation) should — if present — also appear
before the noxious stimulus (Deuschl & Fisen, 1999).
However, as there was no significant difference between
baseline EMG and postprepulse EMG, neither immediate
inhibition nor delayed inhibition due to resynchronization
following a preceding EMG peak (e.g. cLLR III) can be
accounted for the observed reduction in postinhibitory
rebound EMG.

Nonetheless, a few reported findings cast doubts on
attributing the EMG rebound solely to resynchronization
of motoneuronal activity and favour the possibility that it
involves true reflex activity: Uncini et al. (1991) reported
the lack of EMG rebound despite the presence of a distinct
CSP in patients with Friedreich’s ataxia and chronic
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idiopathic ataxic neuropathy. Furthermore, the fact that
nociceptive motor evoked potential modulation and tonic
EMG differ in various hand muscles during and following
the CSP (Kofler et al. 2001a; Kofler et al. 2008) casts
doubt on pure passive resynchronization. Although no
‘action’ was asked from the subjects other than to maintain
constant voluntary muscle contraction, we cannot entirely
rule out voluntary ‘re-action’ to the stimulus. However,
nociceptive MEP suppression during the period of EMG
rebound (Kofler et al. 2008) renders active voluntary
reaction rather unlikely, but is consistent with subcortical
reflex activity.

Recently, Kofler & Poustka (2005) suggested that the
EMG rebound period may contain startle reflex activity.
Speculating about its origin, the authors described features
resembling startle reflexes in that: (1) responses appeared
ipsi- and contralateral to the side of stimulation; (2)
response latencies lay in the range of auditory startle
responses (Kofler et al. 2006), particularly when adjusted
for a longer afferent conduction time to the brain-stem
from the digit as compared to the ear; (3) responses were
inconsistent in their presence and latency even within
a given subject; and (4) they habituated rapidly with
repeated stimulation (Kofler & Poustka, 2005).

The startle reflex is an involuntary polysynaptic
brainstem response to an unexpected intense stimulus.
Various afferent modalities converge in the brainstem
structure in which the startle reflex is generated, i.e. the
nucleus reticularis pontis caudalis (Koch, 1999; Yeomans
et al. 2002). Muscle responses following high-intensity
auditory stimulation involve eye closure, facial grimacing,
neck flexion, and abduction or flexion of the arms. To
our knowledge, however, there are no data available
on somatosensory startle responses in human upper
limb muscles, and they have scarcely been studied in
orbicularis oculi and sternocleidomastoid (Alvarez et al.
2007). There may be, however, a large overlap between
startle reflexes and withdrawal reflexes in the upper limbs
following high-intensity fingertip stimulation. One may
speculate that if stimuli are strong enough to elicit an
overt withdrawal reflex in the upper limb, they may
also induce a concomitant startle reflex as evidenced by
responses in orbicularis oculi and sternocleidomastoid
muscles, or in contralateral muscles. In fact, noxious
fingertip stimulation revealed bilateral motor evoked
potential amplitude facilitation 100 ms later in proximal
upper limb muscles (Kofler et al. 2001a), this being in fact
compatible with a somatosensory startle reflex. On the
contrary, not every somatosensory startle reflex induced
by fingertip stimulation is unvaryingly accompanied by
an overt withdrawal reflex. Perhaps there is a continuum
in the spectrum of protective reflexes, from ‘subthreshold’
changes seen in motor evoked potential amplitudes to
somatosensory startle reflexes — being most prominent in
orbicularis oculi — to ‘suprathreshold’ overt withdrawal
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reflexes. Floeter et al. (1998) suggested latencies around
80-100 ms for withdrawal reflexes in hand muscles,
while startle reflexes following high-intensity auditory
stimulation occur in a range of 70—140 ms, median 89 ms,
in the same age group as studied here (Kofler et al
2001b). The difference in afferent conduction time to the
brainstem between somatosensory and auditory stimuli is
indeed some 10 ms. Given the fact of profound inhibition
in hand muscles induced by noxious fingertip stimulation
and ensuing resynchronization of EMG activity, perhaps
withdrawal reflexes could also be shifted towards longer
latencies, giving rise to the possibility of close overlap
between withdrawal and startle reflexes in upper limb
muscles. Certainly, further studies are needed on this
interesting aspect of motor control.

One important physiological characteristic of startle
reflexes is their susceptibility to PPI. Any weak stimulus
that is unable to cause a recordable response by itself may
modulate the response to a subsequent suprathreshold
stimulus. In two subjects, the prepulse stimulus was
able to induce a small response in orbicularis oculi
and sternocleidomastoid, respectively, on 3 out of 60
occasions. Therefore, the stimulus was not always
subthreshold. The possibility of a weak stimulus giving
rise to a startle reflex has previously been published
(Blumenthal & Goode, 1991), as well as its possibility
of triggering a prepared voluntary motor programme
(Valls-Solé et al. 2005). The functional anatomy of PPI
is not completely known, although there is evidence from
various sources that the pedunculopontine nucleus may
be involved (Koch et al. 1993; Reese et al. 1995; Inglis
& Winn, 1995; Costa et al. 2006). The pedunculopontine
nucleus is the main structure within the first level of higher
order hierarchical circuits governing the primary startle
circuit and mediating both intermodal and cross-modal
PPI (Kofler et al. 2006). The suppressing effect of a
prepulse on the auditory startle reflex induced in
orbicularis oculi and sternocleidomastoid has previously
been shown (Valls-Solé et al. 2005).

The reduction in VAS scores seen in our subjects
(6.1 without prepulse versus 4.5 with prepulse, i.e. mean
reduction by 26.2%) was more than the mean reduction
of 17.5% previously reported by Blumenthal et al
(2001) on pain induced by electrical shocks. Differences
may be based on the location of stimuli (fingertip
versus upper arm), interstimulus intervals (100 ms versus
40 and 60ms), and lower baseline VAS scores (6.1
versus approximately 7), respectively. Blumenthal et al.
(2001), however, reported significantly larger prepulse
effects (reduction by 25.9%) in subjects with lower pain
thresholds, hence higher VAS scores. This is consistent
with a previous study seeking the influence of therapeutic
cutaneous electrical nerve stimulation on CSPs (Kofler,
2004), which revealed slight shortening of CSPs, while
not reducing the subjective discomfort associated with
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noxious fingertip stimulation. Baseline VAS scores were
also lower than in the present study, 4.5 versus 6.1 (Kofler,
2004). Blumenthal & Swerdlow (2002) showed that weak
prepulses of 1ST were unable to reduce pain perception,
while significantly suppressing startle blink responses in
orbicularis oculi to both acoustic and somatosensory
stimulation.

We assume that PPI was effective in our paradigm as
sternocleidomastoid and orbicularis oculi reflex responses
were markedly suppressed; hence we also deduce that
the observed reduction in EMG rebound following
the CSP may be due to a similar mechanism. As
startle reflexes are affected by PPI, this reduction may
represent PPI of the startle component contained within
the EMG rebound. The remaining excitatory activity
is compatible with ‘passive’ EMG resynchronization.
Furthermore, applying prepulses in CSP testing may
reduce the discomfort associated with activation of pain
afferents by high-intensity electrical fingertip stimulation
without affecting CSP parameters such as CSP onset and
end latency, duration or index of suppression.
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