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Cutaneous mechanoreceptors contribute to the
generation of a cortical reflex in speech
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Owing to the lack of muscle spindles and tendon organs in the peri-
oral system, cutaneous receptors may contribute to speech sen-
sorimotor processes. We have investigated this possibility in the
context of upper lip reflexes, which we have induced by unexpect-
edly stretching the facial skin lateral to the oral angle. Skin stretch
at this location resulted in long latency reflex responses that were
similar to the cortical reflexes observed previously. This location
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reliably elicited the reflex response, whereas the skin above the
oral angle and the skin on the cheek did not. The data suggest that
cutaneous mechanoreceptors are narrowly tuned to deformation
of the facial skin and provide kinesthetic information for rapid
sensorimotor processing in speech. NeuroReport 18:907-910
© 2007 Lippincott Williams & Wilkins.

Introduction

It is well known that sensory information contributes
significantly to motor control [1]. In multiarticulator
coordination during speech, somatosensory information
also plays an important role in the adjustment of articu-
latory motion [2,3]. During production of the bilabial
fricative consonant /¢/, when jaw position is unexpectedly
perturbed by an external force, an intact labial aperture is
maintained by a quick response of the upper lip. This quick
compensatory response is driven not only by mechanical
muscle linkages [4], but also by a transcortical reflex [5]. In
the limb control system, this kind of reflex adjustment
mainly depends on muscle proprioceptors (muscle spindles
and tendon organ afferents), which play a major role in
providing kinesthetic information [6]. As perioral muscles
lack spindles and tendons [7-9], however, other receptors
must contribute to precise articulatory control. Recent
studies of finger movement [10-12] suggest that cutaneous
mechanoreceptors and muscle proprioceptors both contri-
bute to providing kinesthetic information. In the perioral
region, it has been reported that skin strain during
articulatory motion is of sufficient magnitude to elicit a
response in cutaneous mechanoreceptors [13] and that the
infraorbital nerve is excited during speech movement
[14,15]. It is, however, still unclear whether sensory
information from cutaneous mechanoreceptors actually
contributes to speech motor control.

To investigate this idea, we focused here on the upper lip
cortical reflex, described above [5], and examined whether
stimulating cutaneous mechanoreceptors alone can induce
this cortical reflex. We have observed that the skin lateral to
the oral angle is stretched by the jaw perturbation that elicits

this reflex [16], so we suggest that the facial skin lateral to
the oral angle is involved in the cortical reflex. To test this
hypothesis, we have examined the upper lip muscle
response to cutaneous stimulation by applying an unex-
pected facial skin stretch. We compared the response with
skin stretch that was applied in three areas: above the oral
angle (5;), lateral to the oral angle (Sy), and on the cheek
lateral to S, (Ss3).

Methods

Four neurologically normal individuals (three Japanese
speakers and one Korean speaker) participated in the
experiment. All signed the informed consent form of the
ethics committee of the NTT Communication Science
Laboratories. Participants were seated in a dental chair
and asked to sustain the bilabial fricative consonant /¢/ in
the sentence ‘kono /ada/’ for 2-3s. As the subject produce
the consonant, the facial skin was unexpectedly stretched
downward by pulling two plastic tabs (height: 3 cm; width:
4 cm) that were attached bilaterally to the face using double-
sided tape. A thin wire cable was used to attach each plastic
tab to a robotic device, which, in turn, applied a force with a
magnitude and onset timing that was precisely controlled
by a digital signal processor (TMS320C40, Texas Instrument
Co., Dallas, Texas, USA). The perturbation force acted in
stepwise manner, and its magnitude was set so as to
generate 3N at the point attached to the wire. A schematic
view is shown in Fig. 1. Three stretch locations (S;, S,, and
S3) are also depicted in this figure. Thirty trials were carried
out at each location, and the skin stretch perturbation was
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Fig. 1 Schematic view of the experimental set up and stretch locations
(Si: above the oral angle, S,: lateral to the oral angle, and Ss: on the cheek
lateral to S;). The skin stretch perturbation is also delivered to the right
side of the face at the corresponding site depicted in figure.

applied in one-third of 30 trials, which were selected
randomly.

The reflex responses were quantified from electromyo-
graphic (EMG) signals of the upper lip muscle (orbicularis
oris superior). Bipolar surface electrodes (Ag-AgCl) were
placed on the upper lip muscle just above the vermilion
border at right side of the face in Fig. 1. The EMG signal was
amplified and filtered (band-pass: 50-1500Hz) with a
biomedical amplifier (MME-3116, Nihon Kohden, Shinjuku,
Tokyo, Japan), and sampled by a computer. The participants
monitored their muscle activity level and were instructed to
maintain it within a particular range centered at a level for
normal production of the task consonant. EMG amplitude
was calculated by temporally averaging the rectified EMG
signal using a 15ms time window. This period was chosen
because a 15-ms bin width had been adequate to capture
both short and long perioral reflexes in a previous study
[17]. The background EMG level was calculated using the
same time bins from the EMG signal of the control
condition. Ten randomly selected control trials were
ensemble averaged after aligning the signals with respect
to the trial onset and using EMG from the interval that
would have been associated with the perturbation.

Displacement of the articulators (jaw, upper lip, and
lower lip), and the amplitude of skin stretch perturbation
were measured concurrently at 250 Hz using the OPTO-
TRAK system (NDI, Waterloo, Ontario, Canada). Light-
emitting diode (LED) markers were put on the midline of
the vermilion border for the upper lip and lower lip, on the
end of a bar attached to the left canine tooth of the jaw, on
the center of the plastic tab for the point of perturbation
application, and on the nasion and the top on the nose for
offline calibration, as shown in Fig. 1.

The reflex response was also recorded under resting
conditions to determine the extent to which it is task specific
and to assess its similarity to the perioral reflex [17-20]. As
one participant did not show the short latency reflex, this
experiment was carried out only for the other three
participants. The participants were asked to rest completely
without any muscle activation and to hold a static posture,
in which the mouth was opened slightly so as to eliminate
muscle activation for mouth closing. We verified that there
was little or no activation of the upper lip muscle during the
resting phase of this experiment. Perturbations were
delivered on each of 10 trials.
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Fig. 2 Typical response of the upper lip muscle following skin stretch at
S, (a) during bilabial fricative consonant production and (b) under resting
conditions (participant 4). Time zero is the onset of the skin stretch per-
turbation. The horizontal dashed lines show average background electro-
myogram levels in each task condition. The two shaded areas denote the
period 30—45 and 50— 65 ms after perturbation onset, respectively.

Results

By stretching the skin lateral to the oral angle (S;) during
bilabial fricative production, reflex responses of the upper
lip were induced in multiple phases. The typical response is
shown in Fig. 2a. The first phase occurred 30ms after
perturbation onset, and the second one followed 50 ms after
perturbation onset. On the basis of previous findings
concerning the perioral reflex [17,18] and the cortical reflex
for speech adjustment [4,5], we distinguished responses
according to response latency as R1l: 30-45ms after the
perturbation, and R2: 50-65ms after the perturbation
(shaded areas in Fig. 2a). Although the muscle activity
increase was in some cases present after 65 ms in Fig. 2a, we
did not examine this in our analysis because sustained
activity after 65ms was not observed consistently in all
participants. The R2 response was clearly observed in all
participants; whereas R1 was induced in three of the four
participants. The average of maximum downward displace-
ment of the jaw in the period between 0 and 100ms after
perturbation onset was quite small (0.20+0.11mm in all
participants), indicating little influence of the skin stretch
perturbation on jaw position. Therefore, it seems unlikely
that afferent information owing to actual jaw motion is
involved in generating the observed reflexes.

Under resting conditions (without speech), R1 was clearly
present but R2 was not (Fig. 2b). This pattern was observed
for all three participants, suggesting that different neural
processing is involved in generating R1 and R2. Taken
together with the previous studies of perioral and cortical
reflexes [5,17], it is reasonable to assume that R2 corre-
sponds to the cortical reflex for articulatory adjustment, and
R1, is the perioral reflex mediated within the brainstem.

To examine the involvement of the skin lateral to the oral
angle, we assessed muscle responses to skin stretch in two
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Fig. 3 The difference in the R2 response among the three stretch loca-
tions (S, Sy, and S3) for all participants. Each row gives the results at each
stretch location. Circles represent the average magnitude of the R2 re-
sponse, and squares represent background electromyogram (EMG) levels
in the speech task. Error bars show standard deviations. *Significant dif-
ferences between reflex amplitude and background EMG level by t-test

(p<0.05).

other locations (S;, S3). Note that skin stretch at S; and Ss3
had similarly small effects on jaw position. The R2
amplitudes for stimuli at the three skin locations are
summarized in Fig. 3. R2 was not reliably produced by
skin stretch at S; and S3;, whereas it was clearly induced by
stretch at S,. This suggests that afferent information from
specific mechanoreceptors associated with the skin lateral to
the oral angle plays a crucial role in the sensorimotor
processing for this cortical reflex.

The skin stretch perturbation around the oral angle also
induced a downward motion of the upper lip because of the
mechanical connection to the skin. An afferent signal
associated with upper lip motion could be involved in
generating the resulting reflex muscle activity. In case of the
skin stretch at S, the average and standard deviation of
maximum displacement of the upper lip was 0.90 +0.38 mm
in all participants. Compared with the lip displacement
because of skin stretch at the other locations, the stretch at S,
produced smaller lip displacement in two participants and
larger displacement in the other two, although its average
(0.96+0.34mm) was not significantly different from the
displacement because of the stretch at S, (p>0.8 by t-test).
As for S; in contrast, smaller lip displacement
(0.31+£0.21 mm) was observed in all participants probably
because the stimulus location was far from the lip.
Given that R2 was observed primarily in conjunction with
the stretch at S, and that the correlation coefficient between
the amplitude of R2 EMG activity and the amplitude of
upper lip displacement across the four participants was
small (r=0.11+0.13), there is no indication of a relation
between the upper lip motion owing to the skin per-
turbation and the inducement of R2. We therefore
conclude that R2 is mediated not by an autogenic afferent
signal associated with upper lip motion, but by the
cutaneous afferent signal because of skin stretch around
the oral angle.

Finally, it is noteworthy that all participants reported that
they felt a sensation of jaw downward movement mostly in
case of the skin stretch at S, despite little or no jaw motion
because of the skin stretch.

Discussion

Our previous work demonstrated that transcortical reflexes
are involved in speech motor control [5]. It is, however, still
unclear which mechanoreceptors provide kinesthetic infor-
mation in this rapid sensorimotor processing because of the
lack of muscle spindles and tendon afferents in the perioral
motor system. In this study, skin stretch alone induced two
reflex responses of the upper lip (R1 and R2). One of them,
R2, was reliably observed under speech conditions, but not
under rest conditions. This was consistent with the previous
result [4] that reflex articulatory adjustment was induced by
jaw perturbation during fricative consonant production, but
was not observed during vowel production (little activation
of the upper lip muscle). Moreover, the response latency of
R2 was similar to that which resulted from jaw perturbation
(48.25+1.2ms in Ref. [4]), and R2 was not associated with
systematic articulatory motion. Specifically, it appears that
R2 may be the same cortical reflex observed in the previous
study using jaw perturbation [4,5]. Our result concerning R2
therefore suggests that cutaneous mechanoreceptors in the
perioral region contribute in providing kinesthetic informa-
tion for the cortical reflex.

Although our skin stretch method may not be precisely
focused because of its relatively large stimulus area (12 cm?),
R2 was specifically induced by skin stretch lateral to angle
of mouth. This observation is consistent with our hypothesis
that cutaneous mechanoreceptors in the skin lateral to the
oral angle are involved in generating the cortical reflex for
speech adjustment as suggested in the Introduction. Passive
jaw motion activates cutaneous mechanoreceptors in this
same area of facial skin [21]. Moreover, the participants
reported that they felt a sensation of downward shift of the
jaw mostly because of the skin stretch perturbation at S,
despite little or no jaw motion. Taken together, the
mechanoreceptors in the skin lateral to the oral angle could
be utilized for sensing jaw motion. If so, the observed R2
reflex would be caused by a false sensation of jaw motion
induced by kinesthetic information produced by the skin
stretch even though there is little physical jaw motion.

The R1 reflex was elicited in this experiment under both
speech and rest conditions. This was unlike the task
dependency of the cortical reflex mentioned above. More-
over, R1 has a shorter latency than the cortical reflex (30 vs.
50ms). It thus seems to be identical to the perioral reflex
reported in Refs. [17-20,22]. Although the R1 reflex was
induced easily by the current skin stretch perturbation, this
type of reflex has never been observed in our previous
studies using jaw perturbation [4,5]. A possible reason for
this difference is that the cutaneous mechanoreceptors
involved in the R1 and R2 responses may be in different
areas of the facial skin. This idea is consistent with our
current demonstration that stretching the skin lateral to the
oral angle is involved in the generation of R2 and the
fact that tapping and stretching the vermilion boarder of
the lip is particularly effective in inducing a perioral reflex
[17-19,22].

Previous studies have investigated whether the gain of
the perioral reflex could be adjusted according to the
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orofacial task, such as mastication or speech [17,22]. In our
current observations, R1 was not induced in the speech task
for one participant who exhibited a normal perioral reflex in
response to tapping on the vermilion border of the lip,
whereas, in the other three participants, R1 was induced in
both speech and rest conditions. This is consistent with the
possibility that the gain of the perioral reflex may be
adjusted depending on individual strategies for speech
motor control. Further investigation is, however, required to
clarify the control of the perioral reflex.

Conclusion

The effect of mechanical stimulation of cutaneous mechano-
receptors in the perioral skin was studied in the context of
the upper lip cortical reflex for articulatory adjustment.
Stimulation of the skin lateral to angle of mouth produced a
task-specific long latency (around 50ms) reflex that is
presumably cortical in origin. This would suggest that, in
the perioral region that lacks muscle spindles and tendon
organs, cutaneous receptors provide kinesthetic information
used in high-level computations in speech motor control.

Acknowledgements

The authors gratefully acknowledge the comments and
revision of David ]. Ostry. The authors also thank Yoshinobu
Tonomura, Takehiro Moriya and Makio Kashino for their
continuing encouragement.

References

1. Wolpert DM, Ghahramani Z. Computational principles of movement
neuroscience. Nat Neurosci 2000; 3(Suppl):1212-1217.

2. Tremblay S, Shiller DM, Ostry DJ. Somatosensory basis of speech
production. Nature 2003; 423:866-869.

3. Abbs JH, Gracco VL. Sensorimotor actions in the control of multi-
movement speech gestures. Trends Neurosci 1983; 6:391-395.

4. Gomi H, Ito T, Murano EZ, Honda M. Compensatory articulation during
bilabial fricative production by regulating muscle stiffness. | Phonetics
2002; 30:261-279.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

. Ito T, Kimura T, Gomi H. The motor cortex is involved in reflexive

compensatory adjustment of speech articulation. NeuroReport 2005;
16:1791-1794.

. McCloskey DI. Kinesthetic sensibility. Physiol Rev 1978; 58:763-820.
. Folkins JW, Larson CR. In search of a tonic vibration reflex in the human

lip. Brain Res 1978; 151:409-412.

. Stdl P, Eriksson PO, Eriksson A, Thornell LE. Enzyme-histochemical and

morphological characteristics of muscle fibre types in the human
buccinator and orbicularis oris. Arch Oral Biol 1990; 35:449-458.

. Stdl P, Eriksson PO, Eriksson A, Thornell LE. Enzyme-histochemical

differences in fibre-type between the human major and minor zygomatic
and the first dorsal interosseus muscles. Arch Oral Biol 1987; 32:833-841.
Edin BB, Johansson N. Skin strain patterns provide kinesthetic
information to the human central nervous system. | Physiol 1995;
487(Pt 1):243-251.

Collins DF, Prochazka A. Movement illusions evoked by ensemble
cutaneous input from the dorsum of the human hand. J Physiol 1996; 496
(Pt 3):857-871.

Collins DF, Refshauge KM, Todd G, Gandevia SC. Cutaneous receptors
contribute to kinesthesia at the index finger, elbow, and knee.
J Neurophysiol 2005; 94:1699-1706.

Connor NP, Abbs JH. Movement-related skin strain associated with goal-
oriented lip actions. Exp Brain Res 1998; 123:235-241.

Johansson RS, Trulsson M, Olsson KA, Abbs JH. Mechanoreceptive
afferent activity in the infraorbital nerve in man during speech and
chewing movements. Exp Brain Res 1988; 72:209-214.

Nordin M, Thomander L. Intrafascicular multi-unit recordings from the
human infra-orbital nerve. Acta Physiol Scand 1989; 135:139-148.

Ito T, Gomi H. Cutaneous afferent contribution to reflexive sensorimotor
control in speech articulation. Abstr Annu Meeting Soc Neurosci, 2005;
306:11.

McClean MD. Lip muscle reflex and intentional response levels in
a simple speech task. Exp Brain Res 1991; 87:662—670.

Smith A, McFarland DH, Weber CM, Moore CA. Spatial organization
of human perioral reflexes. Exp Neurol 1987; 98:233-248.

Larson CR, Folkins JW, McClean MD, Muller EM. Sensitivity of the
human perioral reflex to parameters of mechanical stretch. Brain Res 1978;
146:159-164.

Gandiglio G, Fra L. Further observations on facial reflexes. | Neurol Sci
1967; 5:273-285.

Appenteng K, Lund JP, Seguin JJ. Behavior of cutaneous
mechanoreceptors recorded in mandibular division of Gasserian
ganglion of the rabbit during movements of lower jaw. | Neurophysiol
1982; 47:151-166.

Bratzlavsky M. Feedback control of human lip muscle. Exp Neurol 1979;
65:209-217.

910 Vol 18 No 9 Il June 2007

Copyright © Lippincott Williams & Wilkins. Unauthorized reproduction of this article is prohibited.



