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Abstract

Objective In this study, we analyzed the inhibitory control on the trigemino-cervical reflex (TCR), and whether or not prepulse
modulation (PPM) has an effect on TCR. Thus, we studied the PPM of TCR. We hypothesized that TCR would presumably be
under the modulatory effect after the prepulse stimulus similar to blink reflex (BR). We also studied the recovery of TCR which
was previously shown.

Methods We included 13 healthy individuals. All subjects underwent recordings of TCR, TCR-PPM, and recovery of TCR. For
TCR-PPM, a subthreshold stimulus to second finger 50 or 100 ms before the test stimulus was applied. For recovery of TCR, two
stimuli at the infraorbital nerve were applied at 300, 500, and 800 ms interstimulus intervals (ISIs).

Results There was an inhibition of bilateral late responses of TCR at the ISIs of both 50 ms and 100 ms. There was no change of
latencies. Full recovery of TCR did not develop even at the ISI 800 ms.

Discussion We have provided an evidence for the TCR-PPM in healthy subjects for the first time in this study. The prepulse
inhibition is attributed to the functions of the pedunculopontine tegmental nucleus. Our study provides a strong indication that
there are connections between pedunculopontine tegmental nucleus and trigemino-cervical circuit, which produces TCR.

Keywords Prepulse modulation (PPM) - Trigemino-cervical reflex (TCR) - Prepulse inhibition (PPI) - Recovery -
Pedunculopontine tegmental nucleus

Introduction

The prepulse modulation (PPM) is the inhibition or facilitation
of a reflex response after the application of a subthreshold
stimulus. Till now, the PPM of blink reflex (PPM-BR), the
auditory startle reflex (ASR), the masseter inhibitory reflex,
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and the startle response to somatosensory inputs (SSS) have
been investigated [1-3]. It is believed to reflect the filtering
activity of brainstem or sensory processing. In experimental
conditions in humans, PPM is obtained by stimulating the
second finger before the supraorbital electrical stimulation or
auditory stimulation at certain interstimulus intervals (ISIs).
For the PPM-BR, there is a facilitation of R1 if prepulse stim-
ulus is applied within 50 ms before the supraorbital stimulus,
whereas inhibition occurs if prepulse stimulus is applied at
longer ISIs (> 75 ms). The ASR can be obtained by recording
from facial muscles as well as neck and extremity muscles [4].
From the rostral muscles down to the caudal muscles, proba-
bility of eliciting a response after auditory stimulation de-
creases. Probably due to the reduction in probability, most of
the literature on the PPM of ASR covers the response from
orbicularis oculi (O.oc) muscle. In the study of Valls-Sole and
colleagues [1], authors report recording from masseter and
sternocleidomastoid (SCM). Responses on masseter and
SCM were also modulated after prepulse stimulus with a time
course similar to that of the O.oc response in this study.
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The trigemino-cervical reflex (TCR) is a withdrawal reac-
tion of the head and neck after different types of facial stimuli
such as a glabellar tap or an electrical stimulation of supraor-
bital or infraorbital nerves [5—7]. Recordings are generally
obtained from neck muscles or sometimes proximal arm mus-
cles. Studies have reported different types of responses, sev-
eral excitatory [5, 8], and one inhibitory (exteroceptive sup-
pression) [9]. Leandri and colleagues [8] recorded three con-
secutive responses on splenius capitis muscle after infraorbital
stimulation. Two late excitatory responses had latencies of
50-70 ms and 100-160, respectively [8], whereas an early
response was obtained from neck muscles after mainly stim-
ulation of infraorbital nerve [10]. Simultaneous stimulation of
infraorbital and supraorbital nerves facilitates the generation
of the early response [10]. Other studies also reported gener-
ation of late response with a latency of 40-60 ms from the
neck or proximal arm muscles after the stimulation of supra-
orbital or infraorbital nerves [7]. One recent study has shown
larger EMG reflexes with shorter latencies and larger kinemat-
ic responses were found after stimulating ophthalmic and
maxillary skin sites than stimulating the mandibular region
[11]. The reflex circuit of TCR involves trigeminal system
and cervical spinal cord/bulbar motoneurons [12]. The struc-
tures in paramedian pontine reticular formation are possible
integrating centers of the reflex. TCR is mainly responsible for
defensive reaction of head or for positioning the head in the
space in response to facial stimuli. In a previous study, we
obtained bilateral and stable responses from the neck muscles
after the unilateral infraorbital nerve stimulation in each
healthy subject [13].

TCRs are suggested to be a part of the nocifensive complex
and, thus, under the control of the “diffuse noxious inhibitory
controls” (DNICs) system [14]. Excitability of the TCR was
previously analyzed using recovery curves. The reported
recovery ratio at 200 ms ISI was around 30% which in-
creased with increasing ISIs. However, it was still below
60% at ISI of 1000 ms [14]. In another study, Serrao et al.
[15] investigated the recovery of the late component of
TCR after the supraorbital stimulation in healthy subjects
and in patients with migraine. One study reported facilita-
tion of the early component after paired stimulation in
healthy subjects [8]. To the best of our knowledge, there
are no further studies on the TCR recovery.

In this study, we aimed to investigate the inhibitory control
on the TCR by applying prepulse stimulus and whether or not
PPM has an effect on TCR. We recorded the PPM of the TCR
in healthy subjects. We focused on the changes in the second
response (with latency around 40—60 ms) because this was the
most stable component in our recordings. We hypothesized
that if TCR was under inhibitory control, prepulse stimulus
would also produce an inhibition. We also studied the recov-
ery of TCR to show that the excitability of TCR was normal in
these healthy subjects.
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Subjects and method

Subjects We included 13 healthy individuals. Mean age was
37.8+6.1 years (age range 26—48 years). There were four
(30.7%) men. None of the participants had any psychiatric,
systemic, or neurologic disorders.

The study was approved by the institutional review board,
and informed consent was obtained.

Electrophysiological investigations All electrophysiological
recordings were done using Neuropack Sigma MEB-5504k,
Nihon Kohden Medical, Tokyo, Japan. All subjects were ex-
amined while they were sitting in an armchair in a quiet room.
Surface silver-silver chloride cup electrodes were placed at the
level of the C3 and C7 vertebrae for splenius capitis (SC)
muscle. The ground electrode was on the clavicle. The filter
settings were 3 kHz high-cut and 20 Hz low-cut. Analysis
time was as 20 ms/div, and amplitude sensitivity was
100 pnV. Recordings were repeated five times and obtained
simultaneously over bilateral SC. All recordings in each trial
were rectified and averaged for measurements. To determine
the perceptive (sensory) threshold, 0.2 mA increase in stimu-
lus intensity was done at each step and the intensity which was
recognized by the subject in three successive stimulations was
considered threshold. There were three blocks of recordings
(baseline TCR, PPM-TCR, TCR recovery) with 20 min
pauses between each block. The sequence of blocks was ran-
domly changed in each subject.

Baseline TCR recordings For test stimulus, we used transcuta-
neous electrical stimulus with a duration of 0.5 ms which was
applied on the left infraorbital branch of the trigeminal nerve.
The intensity of the electrical shocks was 5 times the percep-
tive threshold of the infraorbital region. We have increased the
stimulus intensity up to 50 mA when we could not get a proper
response.

PPM-TCR recordings For prepulse stimulus, we used transcu-
taneous electrical shocks with a duration of 0.2 ms which were
applied on the left second finger at ISIs of 50 ms and
100 ms before the test stimulus. The test stimulus was
the same as in the baseline TCR recordings. We have cho-
sen ISIs of 50 ms and 100 ms since there is a substantial
knowledge about the PPM effect on BR at ISIs of 50 ms
and 100 ms.

TCR recovery recordings We used transcutaneous electrical
conditioning stimulus with a duration of 0.5 ms at ISIs of
300 ms, 500 ms, and 800 ms before the test stimulus. Both
stimuli were applied at the infraorbital foramen. The intensi-
ties of both stimuli were the same as baseline TCR recordings.
The choice of ISIs was done according to the previous knowl-
edge of TCR recovery recordings [14, 15].
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Statistical analysis All the measurements were checked by
visual inspection. No trials were rejected (either because of
noise or artifact, or a failure to respond). Onset latency, dura-
tion, and amplitude of second TCR response were measured
using cursors. Area-under-the curve (AUC) was calculated
online after placing cursors at onset and end of response.

The following parameters were compared between the re-
cordings at baseline, at the ISI of 50 ms PPM and at the IST of
100 ms PPM.

i.  Onset latency
ii. Amplitude
iii. Duration

iv. AUC

The statistical analysis was performed by the SPSS
(Statistical Package for the Social Sciences) for Windows 20
package program. First, we checked the normality of the
values using Shapiro-Wilk test. Then, because the distribution
was homogenous, we performed factorial repeated measures
ANOVA using ISIs as a within-subject factor and side as a
between-subject factor. For post hoc analysis, Bonferroni test
was used.

For the recovery recordings, we calculated recovery ratio
by using the following formula: AUC after test stimulus/AUC
after conditioning stimulus x 100. We compared recovery
ratio between the ISIs of 300 ms, 500 ms, and 800 ms by
factorial repeated measures ANOVA using ISIs as a within-
subject factor and side as a between-subject factor.

p value <0.05 was deemed significant.

Results

Baseline TCR recordings We obtained bilateral late (second)
responses in all participants (with latency of 40-60 ms,
Table 1).

PPM-TCR recordings Comparisons of parameters of late re-
sponses showed no difference between latencies after prepulse
stimulation, whereas amplitude was reduced by applying a
prepulse stimulus with IST of 50 ms or ISI 100 ms (p =
0.000) compared to the recordings at baseline (Fig. 1a) on
both sides. The duration of SC response was also shortened
during PPM recordings at ISIs of 50 ms and at ISI 100 ms (p =
0.011) compared to recordings at baseline (Fig. 1b). As ex-
pected, AUC was also reduced during PPM recordings at ISI
50 ms or at ISI 100 ms (p = 0.000) recordings (Fig. 1c). There
was total inhibition in four and five subjects at ISIs of 50 ms
and 100 ms, respectively. There were no differences between
sides. Figure 2 shows a representative example of prepulse
inhibition (PPI) of TCR.

TCR recovery recordings Mean recovery ratio at the ISI of
300 ms was 18.2+27.2%, whereas it was around 30% at
ISIs of 500 ms and 800 ms. On the contralateral side, mean
recovery ratio was 30.4+£37.7% and it was around 50% at
800 ms ISI. There were no side differences. The recovery rates
between each ISI was statistically similar (p =0.152).

Discussion

The major findings of our study are as follows: (i) there is PPI
of the second component of TCR, (ii) prepulse inhibition oc-
curs at both ISI 50 ms and ISI 100 ms, (iii) even after the
unilateral stimulation, the prepulse inhibition of late response
occurs bilaterally with a similar reduction in magnitude, and
(iv) there was no change in latencies.

Bilateral TCR responses with a mean latency of 49-52 ms
were elicited after the left-sided infraorbital stimulation in all
subjects. After the prepulse stimulation of second finger, the
magnitudes of TCRs on both sides were reduced simulta-
neously. Regarding the PPM-BR after trigeminal stimulation,
the magnitude of R2 (late) response to the test stimulus is
reduced when another stimulus is applied at a different loca-
tion at a certain time interval compared to the condition when
the stimulus is applied alone. For the stimulation of second
finger before the supraorbital stimulation, ISIs beyond 75 ms
fully produce inhibition of late responses of BR. This reduc-
tion in magnitude supposedly enables the transmission of the
first input to the higher centers [16]. Thus, it represents the
activity of centers probably in the brainstem which are in-
volved in the sensory processing and filtering activity.
Although some studies claimed it also reflected sensorimotor
gating, this issue is still controversial. For the second compo-
nent of TCR, there is a similar pattern of PPI. However, there
are two major differences: the TCR PPI seems to develop at
least beyond 50 ms and there is no change of latency.

The demonstration of the filtering capacity of the brainstem
operating on TCR suggests that filtering activity may be non-
specific. From the psychologic point of view, prepulse inhibi-
tion is considered to be a protective mechanism in sake of the
first stimulus [16]. Therefore, the first stimulus is presumably
expected to be protected against any kind of second stimulus
(again trigeminal in our study) in any kind of response (TCR in
this case). Second, TCR is a part of head retraction reflex. It
provides a defensive reaction in response to facial stimuli [6, 7].
However, it also functions in the orientation of the head in space
and in the adaptation of cervical tone in response to any change
in the environment [17, 18]. Thus, the alteration of TCR after
other types of sensory inputs to the body is required to properly
adapt the position of the head and neck in any specific situation.

The PPI is attributed to the functions of pedunculopontine
tegmental nucleus. Previous studies of ASR showed inhibition
of the O.oc response after the auditory or lower limb tactile
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Table 1 The findings of baseline

trigemino-cervical reflex Latency (ms) Amplitude (1LV) Duration (ms) AUC (mV ms)
recordings
Left SC 50.8 + 11.6 325.0 £ 160.2 56.2 £22.7 1.8+1.2
Right SC 49.3 £ 16.0 401.9 + 1539 527+ 123 25+14

The values are given as mean + SD

SC, splenius capitis

prepulse stimulation suggesting a modality-nonspecific com-
mon neural tollgate within the brainstem interneurons [19].
The authors concluded that a key relay station would synchro-
nize in a nonspecific way for the surrounding environment to
ensure an appropriate PPI within the central nervous system.
The reflex circuit of TCR involves trigeminal system and cer-
vical spinal cord/bulbar motoneurons [12]. Hypothetically,
TCR is integrated and mediated by cholinergic neurons of
the paramedian pontine reticular formation, gigantocellular
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Fig. 1 Alteration of amplitude, duration, and AUC parameters of TCR
responses after prepulse stimuli at 50 and 100 ms interstimulus intervals
(data are given as mean + SD). a Amplitude, pv. b Duration, ms. ¢ AUC,
mV ms
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reticular nucleus, or the intermediate reticular zone [20]. In
animals, there are projections from trigeminal sensory com-
plex to the nuclei in the reticular formation [21, 22]. Our study
suggests that there should be a connection between the circuit
of TCR and pedunculopontine tegmental nucleus, and that the
relay station is also reflex-nonspecific and has connections
with various brainstem reflexes.

Interestingly, regarding PPI, TCR behaves similar to SSS
rather than being similar to a segmental reflex. After stimulat-
ing a limb, there are two different responses: a startle response
originating in the nucleus reticularis pontis caudalis and a
withdrawal reaction [3]. The same study showed the SSS
was inhibited after a conditioning (prepulse) stimulus, where-
as PPI did not have effect on the withdrawal reaction [3]. The
authors concluded that the PPI was more effective on poly-
synaptic reflexes but less effective on monosynaptic reflexes
as proposed by Ge and colleagues [23]. They also pointed to
another explanation that the PPI had a larger effect on re-
sponses generated at brainstem centers rather than on re-
sponses integrated in spinal cord interneurons [3]. Our find-
ings confirm that the TCR is governed by polysynaptic con-
nections in the brainstem similar to startle responses. The sim-
ilar pattern of inhibition may raise the question that the TCR
may be a part of startle response. Although there are other
similarities such as habituation [14], we cannot directly draw
conclusions based on our findings since this issue is beyond
our topic. However, recording the muscle recruitment caudal-
ly after the trigeminal stimulation as well as the PPI effect on
upper and lower extremity responses may be interesting.

We know that the TCR is elicited by the supraorbital
branch or ophthalmic and mandibular branches as well as
infraorbital nerve [10, 11]. We only investigated the PPM of
infraorbital branch of maxillary division. It would be interest-
ing to investigate whether or not TCRs obtained after stimu-
lation of other branches were modulated similarly. Another
limitation is the absence of early TCR responses. We did not
analyze the early responses because we did not obtain these
responses consistently. Although we know simultaneous stim-
ulation of supra- and infraorbital branches facilitates early
responses, simultaneous application of three electrical stimuli
is technically impossible for us.

The recovery cycle of TCR in our study was very similar to
those in previous studies. The BR recovery occurs a bit earlier
[14, 15]. We think longer ISIs are required to obtain a full
recovery of TCR. We only recorded the recovery of TCR in
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Fig.2 A representative example of baseline TCR (a), prepulse inhibition of blink reflex at 50 ms (b), and at 100 ms (¢) ISIs in a 44-year-old healthy man
(top two, rectified non-averaged recordings; bottom two rectified averaged recordings of left and right splenius capitis)

these healthy subjects to show that excitability of TCR was
similar to that reported in previous studies. However, we
should accept the fact that omitting the shorter time intervals
possibly prevents the verification of facilitations and omitting
the longer time intervals prevents the identification of the time
required for a full recovery.

In conclusion, we have provided the evidence of the TCR-
PPM in healthy subjects for the first time in this study. Further
studies covering anatomical attributes and alterations in path-
ological conditions will be interesting.
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