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ABSTRACT

Various procedures involving stimulations of facial regions are known to induce so-called trigemino-cardiac
reflexes that entail a decrease of heart rate and blood pressure. We here report the effects of a specific stimulation
that consists in a submaximal passive mandibular extension obtained by means of a dilatator applied for 10 minutes
between the upper and lower incisor teeth, associated with partial active masticatory movements. Blood pressure
and heart rate were determined in 18 young normal volunteers by a Omron M4 recorder, before (20 minutes), dur-
ing (10 minutes) and after mandibular extension (80 minutes) and under control conditions (same overall duration
without stimulation). While control values remained stable, mandibular extension was followed by a progressive
decline of both blood pressure (up to about 12/11 mmHg) and heart rate (up to about 13 bpm), statistically con-
firmed by ANOVA both on absolute values and on changes from basal values. The decline of systolic blood pressure
and heart rate significantly correlated with basal values. The present findings indicate that submaximal opening
of the mouth, associated to partial masticatory movements, induces a prolonged reduction of blood pressure and
heart rate in normotensive volunteers.
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Infroduction

The facial area is an important source of powerful
autonomic reflexes that involve various systems
including the cardiovascular system (Schaller et al.,
2009). These reflexes are often collectively known
as trigemino-cardiac reflexes, since their afferent
branches are represented by trigeminal fibres.

Various procedures that involve specific stimula-
tions of certain facial region are known to induce
trigemino-cardiac reflexes that may have signifi-

cant implications or applications in human (patho)
physiology. Perhaps the best known, are the diving
reflex, the oculo-cardiac reflex and the cardiovas-
cular reflexes that can be induced by maxillo-facial
surgery. The diving reflex is triggered by cold water
contacting the skin of the face (Heath and Downey,
1990) and/or the nasal mucosa (McCulloch et al.,
1999). The oculo-cardiac reflex is triggered by
mechanical stimulation of orbital structures (Van
Brocklin et al., 1982) and induces vagal activation
(bradycardia) (Arnold, 1999). Other trigemino-car-
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diac reflexes, mainly of anesthesiological interest,
are triggered by surgical manipulation of various
deep structures of the face in maxillo-facial surgery
or in brainstem neurosurgery and may induce bra-
dycardia (up to asystolia), apnea and gastric hyper-
motility (Schaller, 2004, 2007; Schaller et al., 1999,
2009; Schein et al., 2009; Liibbers et al., 2010).

We here provide for the first time evidence that
another procedure that involves a specific stimu-
lation of the facial region, consisting in passive
mandibular extension, produces a significant and
prolonged reduction of arterial blood pressure and
heart rate.

Materials and methods

Subjects

Eighteen subjects participated to the study (age
range 23-30 years, 26.5 + 2.2 mean + SD, 5 males
and 13 females). Informed consent was obtained
from all subjects. All subjects were healthy and
under no medical treatment. Assumption of psycho-
active substances (including coffee, tea, tobacco and
alcohol) was not allowed in the two hours preceding
the experiment. All studies were done between 9:00
and 13:00 in the morning.

Procedures
Design of the studies

All subjects undertook two sessions, one with
and one without a 10 minutes-lasting mandibular
extension (ME, to be described below) in random
order, and 14 repeated an additional third control
session, that consisted for 8 subjects in chewing
for 10 minutes a soft gum and for 6 subjects in
keeping an ice stick for 10 minutes between the
medial incisor teeth. The interval between the ses-
sions was one week. Blood pressure and heart rate
were measured before ME or control treatments
for 20 minutes, and for subsequent 80 minutes,
after ME or control treatment. Five pre-treatment
measures were obtained and the average of the last
3 was used as basal reference measurement. Post-
treatment measures were obtained immediately
after ME or control treatment and after 5, 15, 30,
50 and 80 minutes. Measurements were obtained
manually by the same observer with an automatic
blood pressure recorder (OMRON M4, Lacciarella

(MI), Italy). During the entire period subjects
were seated in a comfortable chair in a quiet room
watching scientific documentary films that were
devoid of emotional impact.

Description

ME was obtained by a self-developed U-shaped
folded steel spring device that was inserted between
the upper and the lower medial incisor teeth (see
Fig. 1). The degree of mouth opening obtained, as
measured by the interincisal distance, was of 4 cm
and was in all subjects lesser than their maximal
active mouth opening capacity. All subjects were
asked to make partial masticatory-like movements,
by compressing and relaxing the spring, the interin-
cisal distance varying between a maximum of 4 cm
and a minimun of 2 cm. The procedure was readily
acceptable to all participants without inducing any
perceived masticatory fatigue or other discomfort,
besides, for a few subjects, a slight nuisance due to
salivation.

The effects of ME was compared against three dif-
ferent procedures: 1) no treatment at all, defined as
“controls”; 2) chewing for 10 minutes a soft chew-
ing gum with low resistance (Brooklyn, Perfetti,
Lainate Italy) without particular indication on mas-
ticatory frequency or laterality; 3) keeping for 10
minutes, between the upper and the lower medial
incisor teeth, an ice stick. Procedures 2) and 3) were
done respectively in 8 and 6 different subjects.

Statistical analysis

Blood pressure and heart rate data were analyzed
with a repeated-measure analysis of variance
(ANOVA) with two within-factor variables: treat-
ments (mandibular extension vs. control sessions)
and sequence. A one within-factor repeated measure
ANOVA was also used to compare separately, the
trend in the two sessions (mandibular extension and
control sessions). When statistically significant dif-
ferences were obtained, post-hoc comparisons were
done by applying Tukey correction. Linear trend
was evaluated with linear regression and linear
association by Pearson correlation coefficients. A
statistical significant effect was defined when the
level of significance was P < 0.05. All analyses were
run with the statistical packages Sigma Stat statisti-
cal software, version 3.5 (Jandel Corporation San
Mateo, CA).
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Fig. 1. - Mandibular extension as obtained by a self-developed U-shaped folded steel spring device inserted
between the upper and the lower medial incisor teeth.

Results

Table I reports the values of the mean and the
standard deviation of blood pressure and heart rate
of all subjects (n = 18) studied in the control and in
the ME sessions. The overall ANOVA revealed a
significant main effect of treatment (control versus
ME) on SBP (Flv17 =5.390, P = 0.033), a significant
main effect of sequence on SBP (F6’102 =8.736, P <
0.001) and HR (Fﬁ’102 =11.734, P < 0.001), and a
significant interaction of sequence for treatment, on
SBP (F,;, =9.598, P < 0.001), DBP (F,, = 6.798,
P <0.001) and HR (F, ,;, =9.738, P < 0.001).
Analyzing separately the performance of the con-
trol session and ME session, one-way repeated
ANOVA did not reveal any statistical significant
effect for the control session, whereas, for the ME
session it showed a significant effect on SBP (F
= 15.212, P < 0.001), DBP (F
0.001) and HR (F
which decreased.
Fig. 2 shows the time-course of the changes of
BP and HR values from basal values (i.e. the
mean differences between the individual values
and their basal values). As shown in the figure,
while in the control session BP and HR remained

6,102

o = 7147, P <
= 16.178, P < 0.001), all of

6,102

essentially stable, in the ME session a progressive
reduction of BP and HR was observed that per-
sisted up to the end of the recording (i.e. 80 min).
The overall ANOVA revealed a significant main
effect of treatment (control versus ME) on SBP
(F,,, = 11.790 P = 0.003), DBP (F ., = 24.429,
P < 0.001) and HR (F . =13.103, P = 0.002), a
significant main effect of sequence on SBP (F,,
= 8.736, P < 0.001) and HR (F,, = 11.734, P <
0.001), and a significant interaction of sequence
for treatment, on SBP (F(),251 =9.598, P < 0.001),
DBP (F,,,, = 6.798, P < 0.001) and HR (F , =
9.738, P < 0.001). Post hoc comparison revealed,
that throughout the session, starting from 5 min
for DBP and starting from 10 min for SBP and
HR, values were significantly lower after ME
compared to control condition. At 80 min this dif-
ference was of about 12 mmHg for SBP, 11 mmHg
for DBP and 13 bpm for HR.

A significant inverse correlation was found for SBP
and HR (but not for DBP) between individual basal
values and their maximal decline (i.e. at the nadir)
observed after mandibular extension (Fig. 3).

Table II and III show the mean and standard devia-
tion of BP and HR in the two subgroups who made
an additional session in which the effect of chew-
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Table I.- Blood pressure and heart rate in the contfrol and in the mandibular extension sessions.

Basal Time zero 15 min 30 min 50 min 80 min
SBP (mmHg) | 110.0£10.76 | 1069+11.98 | 107.5+12.02 | 108.9+10.82 | 109.9+11.36 | 1105+9.58 | 1105+ 10.64
(Cno:n:r% DBP (mmHg) | 744+817 | 739+1101 | 7471147 | 752+969 | 756+1029 | 753+7.48 | 76.0+7.40
HR (beats/min) | 755+1292 | 7411162 | 750+11.77 | 758+1050 | 75641078 | 754+7.88 | 762+7.84
SBP (mmHg) | 111.0£1047 | 107.0+9.55 | 1048+870 | 101.5+7.82 | 1029900 | 99.6+851 | 98.8+8.64
(n'\:"ﬁ g | DBP(mHG) | 798x794 | 775829 | 762:825 | 744x1004 | 740850 | 721x932 | 71884
HR (beats/min) | 81.9+1407 | 782+14.74 | 7741333 | 746+1304 | 743+1277 | 702+1089 | 69.7+11.27

and Methods.

Mean values (+ standard deviations) of systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate (HR) in the control and
in the ME sessions. Basal values refer to the last three out of the initial five recordings. Time zero values are those recorded at the end of the
subsequent ten minutes, during which mandibular extension was made in the ME session (and nothing was done in the Control session),
and the following time values refer to minutes passed after time zero, i.e. affer cessation of ME in the ME session. For further detail see Materials

ing a soft gum (8 subjects) or keeping an ice stick
between the medial incisors (6 subjects) for 10
minutes were compared to control. ANOVA did not
reveal any statistically significant effect.

Discussion

This study demonstrates that submaximal passive
mouth opening, obtained by means of a spring
device applied for 10 minutes between the upper
and lower incisor teeth and associated with partial
active masticatory movements, induces a significant
and persistent reduction of BP and HR. To the best
of our knowledge, we are not aware of a previous
description of this effect, which, conversely was
also observed by us in the anesthetized rat (Lapi et
al., 2011, 2013).

As regards the time-course of the hypotensive
response following ME, the onset was found to
occur within the initial 5 to 10 minutes, and BP and
HR were still slightly declining at the end of the
observation period of 80 minutes. The hypotensive
response following ME observed in the human is
similar to the one we observed in the anesthetized
rat (Lapi et al., 2011, 2013).

This study and the one on the rat provide some
indication on the mechanisms underlying the hypo-
tensive effect following ME. The fact that BP reduc-
tion is associated to a concomitant HR reduction
would in fact point against an exclusively peripheral
vasodilator effect (that would induce tachycardia)
but rather for a central (possibly sympathoinhibi-
tory) effect on the central bulbar vasomotor centre
(Guyton et al., 1969).

Being this a seemingly novel phenomenon, sev-
eral aspects remain to be elucidated. A first point
regards the structure involved in the afferent limb
of this reflex. Although we cannot exclude other
afferent mechanisms, such as the mechanical stress
of some adiacent structure (e.g. the carotid arter-
ies, the jugular veins, the ganglion of Gasser etc.),
the simplest and probably most likely hypothesis
is an involvement of the mechanoceptors within
the masseter activated by muscular stretching and
leading to a consequent trigeminal afferent stimu-
lation. In fact, hypotension and bradycardia have
been observed (along with other symptoms such
as apnea and gastric hypermotility) after central
or peripheral stimulation of any of the sensory
branches of the trigeminal nerve. Clinically, these
reflexes are collectively defined as trigemino-
cardiac reflexes and have been reported to occur
during craniofacial surgery, manipulation of the
trigeminal nerve/ganglion and during surgery for
lesion in the cerebellopontine angle, cavernous
sinus, and the pituitary fossa (Schaller et al., 1999;
Schaller, 2007; Schaller et al., 2008, 2009). Further
studies, in particular in the experimental animal,
are needed to assess whether the hypotensive
response to mandibular extension is a special form
of a trigemino-cardiac reflex.

For several aspects the hypotensive response to
mandibular extension reminds us of the so-called
postexercise hypotension (PEH), i.e. the sustained
reduction in arterial blood pressure that is observed
after a single bout of large-muscle, mild to moder-
ate dynamic exercise, including walking and run-
ning, leg cycling and swimming (Kenney and Seals,
1993; MacDonald, 2002). In fact, several features
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Fig. 2. -Time course of the changes from basal values of
systolic (A) and diastolic (B) blood pressure and heart
rate (C) after mandibular extension (ME, full symbols)
and in control condition (empty symbols). Basal values
refer to the means of the last three out of the initial five
recordings. Time zero (0) values are those recorded at
the end of the subsequent ten minutes, during which
mandibular extension was made in the ME session
(and nothing was done in the control session), and
the following time values refer to minutes passed after
time zero, i.e. after cessation of ME in the ME session.
For further detail see Materials and Methods. All values
are means + SEM. Asterisks indicate a statistically sig-
nificant difference (P < 0.05, Tukey corrected post-hoc
analysis), between ME and control session, in BP and
HR changes from basal value.
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Fig. 3. - Linear regression: maximal changes observed,
within 80 minutes after mandibular extension, in the
18 subjects studied vs. basal values. Panel A refers to
systolic blood pressure and panel B to heart rate.

of the hypotensive response following dynamic
exercise are remarkably similar to those reported
here: a stimulus duration of at least 10 minutes to
be effective (Mac Donald, 2000), a long-lasting
hypotensive effect of at least two hours (but pos-
sibly more) (MacDonald, 2002), a magnitude of the
response of 8 to 10 mmHg for SBP and of 3 to 5
mmHg for DBP in normotensive humans (Kenney
and Seals, 1993; MacDonald, 2002).

Even assuming that the hypotensive response fol-
lowing ME falls within the field of post-exercise
hypotension, one should note several peculiari-
ties. Post-exercise hypotension has been observed,
firstly, mainly after dynamic exercise, and to a
lesser extent after static exercise, but — to our
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Table II.- Blood pressure and heart rate in the control and in the chewing gum sessions.

Basal Time zero 5 min 15 min 30 min 50 min 80 min
SBP (mmHg) | 1106+913 | 10761036 | 108.0£9.62 | 1077967 | 10874986 | 110.0£864 | 1100+95]
%ﬁfg' DBP (mmHg) | 73.7£654 | 729971 | 732:847 | 7521053 | 751834 | 7612759 | 753811
HR (beats/min) | 75.4+11.88 | 76.9£11.07 | 74821297 | 77.3+1429 | 77.6+1341 | 7581298 | 7681332
SBP (MmHg) | 107.8+10.19 | 10552665 | 1054478 | 1055+607 | 108.127.94 | 1065+7.15 | 1065466
Ch(e:"_”g)um DBP (mmHg) | 767:927 | 775481 | 745+739 | 741£530 | 780£7.07 | 79.3+930 | 807+890
) HR (beats/min) | 784+1193 | 77.9£13.74 | 7601017 | 7547.82 | 7641014 | 7791062 | 7861236

Mean values (+ standard deviations) of systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate (HR) in the control session
and in an additional session in which the effect of chewing a soft gum for 10 minutes were done. Control values refer fo the control session in
the 8 subjects who performed the chewing gum session. For other explanations, see legend of Table I.

Table lll. - Blood pressure and heart rate in the control and in the ice stick sessions.

Basal Time zero 5 min 15 min 30 min 50 min 80 min
SBP (MmHg) | 10931495 | 10381281 | 10471431 | 1072964 | 1067+7.23 | 1092796 | 108.3+8.80
%:Tf)' DBP (mmHg) | 70.2:7.94 | 655:10.31 | 6831405 | 700953 | 668922 | 695:802 | 723+742
HR (beats/min) | 7501062 | 738877 | 702:688 | 700£7.27 | 707£11.00 | 707873 | 715%7.20
SBP (mmHg) | 107.8+11.70 | 107.2+ 1242 | 1067 12.89 | 10751145 | 1082+1093 | 107.810.55 | 107.8+11.39
(gﬁfé) DBP (mmHg) | 78.2:531 | 775+455 | 77.7+513 | 788+458 | 775:409 | 767:468 | 767+478
HR (beats/min) | 7431325 | 728+1259 | 7451190 | 740+1290 | 757+1347 | 747+1349 | 750%12.25

Mean values (+ standard deviations) of systolic blood pressure (SBP), diastolic blood pressure (DBP) and heart rate (HR) in the control session
and in an additional session in which the effect of keeping an ice stick between the medial incisors for 10 minutes were done. Control values

refer to the control session in 6 subjects who performed the ice stick session. For other explanations, see legend of Table I.

knowledge — not after muscular stretching, and,
secondly, after exercising large muscles, such as
those of the limbs, but — to our knowledge — not
a relatively small, albeit important muscle such as
the masseter.

In addition, in post-exercise hypotension, during the
exercise that precedes BP reduction, an increase in
blood pressure generally occurs, so that the ensu-
ing BP fall could be considered as some sort of
“rebound” hypotensive response to the exercise-
induced BP increase. In our case, on the other hand,
the stimulus after which a hypotensive response
occurs, (i.e. masseter strectching) is not, per se,
associated with a BP increase. As regards heart rate
reduction following ME, we can only hypothesize
that mouth opening may activate the vagal cardio-
modulating centre.

Some limitations of the study should be mentioned.
Firstly, the measurement of BP could have ben-
efitted of a beat-to-beat measurement rather than a
“spot” measurement.

Secondly, since the applied stimulus consisted in
reality in two concomitant stimuli (i.e. submaximal
opening of the mouth and partial masticatory move-

ments), the study does not allow to dissect between
the effects on BP and HR of these two procedures.
Although further studies are needed to address this
point, it may be interesting to note that a hypoten-
sive and bradycardic effect similar to that observed
in the human was found in the anesthetized rat in
which only submaximal passive mouth opening was
applied (Lapi et al., 2011, 2013).

In conclusion, our study provides evidence that
submaximal opening of the mouth, associated to
partial masticatory movements induces a prolonged
reduction of blood pressure by about 5-10 mmHg
in subjects in the normotensive range. The finding
that, in the normotensive range, the magnitude of
the hypotensive response following ME is all the
greater, the higher the baseline pre-ME values are,
is a promising indication that this procedure may
be even more effective in hypertensive patients.
What is the magnitude of this effect in hypertensive
patients and whether this or a similar procedure
may find an application as a non-pharmacological
aid in arterial hypertension remains, however, to be
established.
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