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Abstract
Purpose  The facial skin blood flow (SkBF) shows regional differences in the responses to a given stimulation. The facial 
SkBFs, especially in the eyelid and nose exhibit unique response to physiological and psychological stimuli, but the mecha-
nisms inducing those regional differences remain unclear. To investigate whether the regional differences in the local control 
of vasomotion in facial vessels correspond to the regional differences in facial SkBF response, we monitored the relative 
change of facial SkBF to regional thermal stimulation. We hypothesized that heat stimulation dilates the cutaneous vessels 
in the eyelid, while cold stimulation constricts those in the nose, which was based on previous findings
Methods:  A thermal stimulator was used to apply temperature increase (from 20 to 40 °C at 2 °C/min) and decrease (from 
40 to 20 °C at 2°C/min) in a randomized order to the right eyelid, nose, right cheek, and forehead of 14 healthy young males. 
The facial SkBF was measured for 10 s using laser-speckle flowgraphy when temperatures of 20 °C, 30 °C, and 40 °C had 
been applied for 30 s in both trials.
Results  The SkBF in the eyelid did not change significantly during any thermal stimulation, and the nasal SkBF did not 
decrease significantly during cold stimulation. The SkBFs in the cheek and forehead increased significantly with the applied 
temperature.
Conclusions  These findings indicate that a large regional variation exists in facial skin blood flow response to local heating 
or cooling and that the regional variation did not correspond to the unique SkBF responses in the previous studies.
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Abbreviations
ANOVA	� Analysis of variance
MAP	� Mean arterial pressure
NO	� Nitric oxide
SE	� Standard error
SD	� Standard deviation
SkBF	� Skin blood flow
TD	� Trial temperature-decrease trial
TI	� Trial temperature-increase trial

Introduction

The facial skin blood flow (SkBF) might show regional dif-
ferences in the response to psychological stimuli. We previ-
ously reported changes in the facial SkBF induced by taste 
stimulation to the oral cavity (Kashima and Hayashi 2011; 
Kashima et al. 2014). Those studies found that a pleasant 
emotion associated with taste stimulation was related to an 
increase in the eyelid SkBF, while an unpleasant emotion 
was related to a decrease in the nasal SkBF. The other groups 
also reported that unpleasant emotion decreases the nasal 
skin temperature, probably due to vasoconstriction in the 
nasal arteriovenous anastomoses (Zenju et al. 2004; Nozawa 
and Tacano 2009). These findings suggest that pleasant and 
unpleasant emotions induce regional differences in the facial 
SkBF responses, which implies that it is possible to objec-
tively estimate the emotional state by measuring the SkBF 
without requiring verbal communication.

The actual mechanisms underlying these reported 
regional differences in the facial SkBF responses are still 
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unclear. In particularly, no previous study has investigated 
the relationship between pleasant emotions and the SkBF 
response in the eyelid. We therefore investigated two pos-
sible mechanisms that could underlie regional differences in 
the responses of the facial SkBF.

One possible mechanism is autonomic control; sym-
pathetic stimulation elicits vasoconstriction of cutaneous 
vessels, and parasympathetic stimulation elicits vasodila-
tation in the face. The regional differences in facial SkBF 
responses indicated above were observed as rapidly as 
within 3–5 s (Kashima and Hayashi 2011; Kashima et al. 
2013). An autonomic control of vessels can induce within 
several seconds. From these, we assumed that the regional 
differences in facial SkBF responses are due to regional dif-
ferences in degree of autonomic control of facial vessels.

Another possible mechanism is regional differences in 
local control of vasomotion. The facial SkBF also shows 
regional differences to pressor responses elicited by the cold 
pressor test and hand grip exercise (Kashima et al. 2013). 
That study found that only the cutaneous vessels in the nose 
exhibited vasoconstriction against the pressor response 
induced by both stimuli, with no vasoconstriction in the 
cheek, eyelid, or forehead. From these observations, we 
assumed that the nasal skin vessels might readily constrict 
against any given stimuli, and that the eyelid skin vessels 
might readily dilate more than other regions in face.

The objective of the present study was to determine 
whether the regional differences in the degree of local con-
trol of vasodilatation/constriction in facial vessels to find 
possible factors explaining the regional differences in facial 
SkBF responses to a given stimulus. We observed facial 
SkBF responses to local thermal stimulation to achieve this 
objective. The local heating induces vasodilatation in fore-
arm skin vessels, and local cooling induces vasoconstriction 
(Hodges et al. 2006; Yamazaki et al. 2006; Kellogg et al. 
2009). Local thermal stimulation can be used to minimize 
changes in systemic and autonomic control of vasomotion 
(Minson et al. 2001). We simply hypothesized that the SkBF 
in eyelid dilated in response to local heating, while that in 
the nose constricted in response to local cooling, based on 
the regional differences in the responses of the facial SkBF 
to the taste stimulation found in the previous studies.

Methods

Subjects

Fourteen healthy males (age, 27 ± 10 years, mean ± SD; 
height, 173.1 ± 5.0 cm; body mass, 65.5 ± 5.9 kg) partic-
ipated in this study. All of the subjects were free of any 
known autonomic dysfunction, cardiovascular diseases, 
atopic dermatitis, and metallic allergy, and were not taking 

any medications. The study was approved by the ethics 
committees of Tokyo Institute of Technology, Japan (Ethi-
cal approval number: 2,015,056). All of the protocols used 
conformed with the standards set by the Declaration of Hel-
sinki. Each subject received verbal and written explanations 
of the objectives, measurement techniques, and risks and 
benefits associated with the study, and then provided written 
informed consent. Subjects were requested to abstain from 
strenuous exercise, alcohol ingestion, and excessive spice 
intake for at least 1 day, and from consuming caffeinated 
beverages and food for at least 2 h prior to the measurements.

Experimental protocol

Before starting the measurements, each subject rested in a 
seated position for 20 min in an air-conditioned room main-
tained at 22 °C for temperature acclimation. Subjects wore 
long sleeve and long pants for their comfort. During the rest-
ing period, the probe of an autonomic sphygmomanometer 
was attached to the left middle finger (Finometer, Finapres 
Medical Systems, Amsterdam, The Netherlands), and this 
was subsequently used to continuously monitor the beat-by-
beat arterial pressure throughout the experiment.

We conducted trials of temperature increase (from 20 to 
40 °C; TI) and decrease (from 40 to 20 °C; TD) using a 
thermal stimulator controlled by a Peltier element (Inter-
cross-210, Intercross, Tokyo, Japan). We conducted TI 
and TD trials to exclude possible effects of basal vaso-
constriction/dilatation state before stimulation on the ves-
sel responses to thermal stimulation. Supposing that low 
ambient temperature before stimulation had induced full 
vasoconstriction, thermal stimulation of cold temperature 
of 20 °C would not have masked vasoconstriction. Using 
temperature increasing and decreasing protocols as TI and 
TD could allow us to observe vasoconstriction/dilatation 
to thermal changes. The surface area of the stimulator was 
10 mm × 10 mm, and this was held against the face by the 
subject’s hand. In the TI and TD trials (Fig. 1), the stimu-
lator caused the skin surface temperature to increase and 
decrease at a rate of 0.03 °C/s (i.e., 2 °C/min), respectively. 
The thermal stimuli were applied to four regions (i.e., right 
eyelid, nose, right cheek, and forehead) in a randomized 
order, with a washout period of longer than 10 min. The 
SkBF was recorded for 10 s without application of the ther-
mal stimulator immediately after applying 30 s of thermal 
stimulation at 20 °C, 30 °C, and 40 °C in both trials. After 
each recording, the subjects placed the stimulator against the 
same area again with guidance from the investigator. Each TI 
or TD trial on the four facial regions was conducted within 
2 h, and then another trial was performed with a washout 
period for at least 1 h. Each subject participated in eight 
trials, comprising combinations of TI and TD in four meas-
urement regions.
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Measurements

The mean arterial pressure (MAP) was calculated from the 
beat-by-beat arterial pressure using analysis software (Lab-
Chart v5, ADInstruments, Sydney, Australia). The facial 
SkBF was measured using laser-speckle flowgraphy (LSFG-
PI-E, SoftCare, Fukuoka, Japan) for 10 s before each trial 
as the baseline, and then at temperatures of 20 °C, 30 °C, 
and 40 °C. Subjects were instructed to keep their chin on 
a pedestal to stabilize their face, to keep their eyes closed, 
and to not move their facial muscles while the facial SkBF 
was being recorded. The focal length was set at 230 mm so 
that the SkBF could be measured over the entire face. SkBF 
data were obtained from the right eyelid, nose, right cheek, 
and forehead (Fig. 2).

Data analysis

All statistical analyses were performed with the SPSS soft-
ware (Statistics 21.0 for Windows, IBM, Tokyo, Japan). The 
data are expressed as mean ± SE values, and the cutoff for 
statistical significance was set at P < 0.05.

Facial SkBF data were used in the analysis only when 
artifact-free laser-speckle imaging data were obtained. The 
regions of interest were the same in each subject. The SkBF 
was expressed as the change relative to baseline since the 
laser-speckle technique does not provide absolute values.

The effects of stimulation temperature (20 °C, 30 °C, 
and 40 °C) and SkBF measurement region (eyelid, nose, 
cheek, and forehead) on the changes in SkBF were tested by 
two-way repeated ANOVA. This analysis was conducted in 
eight trials: two temperature conditions × four measurement 
regions. When a significant F value was detected, this was 
further examined using Bonferroni’s post-hoc test to assess 
for the main effect of temperatures and SkBF measurement 
regions, respectively. The effects of stimulation tempera-
ture (20 °C, 30 °C, and 40 °C) and measurement region on 
the changes in SkBF in the different measurement regions 
were tested by two-way repeated ANOVA. This analysis was 
conducted separately in TI and TD trials. When a signifi-
cant F value was detected, Bonferroni’s post-hoc test was 
conducted.

Results

Thermal stimulation in both the TI and TD trials resulted in 
mean change in the MAP in the various regions of less than 
2 mmHg from baseline, and these changes were not statisti-
cally significant.

The SkBFs in the cheek and forehead increased signifi-
cantly from the baseline in both the TI and TD trials when 
these regions were heated to 40 °C (52 ± 10% for the cheek 

Fig. 1   The experimental protocol. Left panel shows the temperature-
increase trial, and the right panel shows the temperature-decrease 
trial. The thermal stimulator changed the temperature from 20 to 

40  °C or from 40 to 20  °C at a rate of 0.03 °C/s (i.e., 2 °C/min). 
Arrows indicate periods when the skin blood flow was measured

Fig. 2   Laser-speckle flowgraphy image of the facial skin blood flow 
(not subject’s face in the present study). White circles indicate the 
regions of interest: 1, right eyelid; 2, nose; 3, right cheek; and 4, fore-
head



1198	 European Journal of Applied Physiology (2019) 119:1195–1201

1 3



1199European Journal of Applied Physiology (2019) 119:1195–1201	

1 3

and 33 ± 7% for the forehead in the TI trial, and 78 ± 13% 
and 29 ± 5%, respectively, in the TD trial) (Fig. 3). However, 
there were no significant changes in SkBF relative to base-
line in any regions for stimulation at 20 °C or 30 °C. The 
nasal SkBF increased significantly at 40 °C only in the TI 
trial (91 ± 18% from baseline), with no significant change at 
20 °C in either trials. The SkBF in the eyelid did not change 
significantly in any trial at any temperature.

There were significant interactions of stimulation tem-
perature and measurement regions in eight conditions, i.e., 
TI and TD multiplied by four regions, whereas no signifi-
cant effects were shown in TI and TD for the eyelid (Fig. 3). 
Multiple comparisons among these trials performed at 
40 °C revealed that the relative change in the SkBF in the 
region that was stimulated showed significantly greater 
than the changes in other measurement regions that were 
not stimulated.

There were significant interactions of stimulation tem-
perature and stimulated regions in both the TI and TD trials 
(Fig. 4). Main effects of stimulation temperature and stimu-
lated regions were detected in both trials. Multiple compari-
sons of both trial types showed that the relative changes in 
the SkBFs in the nose, cheek, and forehead for stimulation 
at 40 °C were significantly greater than that in the eyelid. 
There were no significant differences in the relative changes 
at 20 °C and 30 °C among all regions, with the exception 
that the relative change in nasal SkBF at 30 °C in the TI trial 
was significantly greater than the changes in other regions.

Discussion

This study aimed to determine whether the regional dif-
ferences in the degree of local control of vasomotion in 
facial vessels explain the regional differences in facial 
SkBF responses to physiological and psychological stimu-
lations; relatively large blood flow changes in eyelid and 
nose (Kashima and Hayashi 2011; Kashima et al. 2013, 
2014). This was achieved by observing the facial SkBF 
responses elicited by local thermal stimulation. The SkBF 
in the eyelid was not changed significantly by any ther-
mal stimulation, and cold stimulation did not significantly 
decrease the nasal SkBF. The SkBF in the cheek, forehead, 
and nose increased significantly in response to local heat-
ing, with this increase observed only within the heated 

region itself. These findings indicate that a large regional 
variation exists in facial skin blood flow response to local 
heating or cooling, and do not support our hypothesis, 
which had been based on previous reports, and they pro-
vide clues to the underlying mechanisms of those regional 
differences in facial SkBF response.

We assumed that there are two possible mechanisms that 
could underlay regional differences in facial SkBF, i.e., the 
autonomic control, and local control of vasomotion in facial 
skin vessels. The present result suggests that the regional 
differences in the degree of local control of vasomotion 
could cause regional differences in facial SkBF, since the 
forehead and cheek readily responded to any thermal stimu-
lation whereas the nose and eyelid did not. This can not, 
however, explain the previous observations of vasodilatation 
in the eyelid and vasoconstriction in the nose (Kashima and 
Hayashi 2011, 2013; Kashima et al. 2014).

We used local thermal stimuli to examine the role of local 
control of vasomotion in regional differences in facial SkBF 
responses. Cutaneous vessels exhibit vasodilatation during 
local heating and vasoconstriction during local cooling 
(Johnson et al. 2014). Local heating enhances the produc-
tion of NO by endothelial cells (Kellogg et al. 2009), and 
NO induces the relaxation or vasodilatation of smooth mus-
cle. This mechanism was responsible for the vasodilatation 
in the forehead, cheek, and nose seen in the present study. 
Local cooling inhibits NO synthase and enhances the Rho 
kinase that induces vasoconstriction (Hodges et al. 2006; 
Yamazaki et al. 2006), this mechanism also contributed to 
vasoconstriction in the forehead and cheek in the TD trial.

Any thermal stimulation did not significantly change the 
eyelid SkBF, and cold stimulation at 20 °C did not signifi-
cantly decrease the nasal SkBF. These findings indicate that 
the local control of vasomotion can not fully explain the 
vasomotion observed in the face. The facial cutaneous ves-
sels are richly innervated by both sympathetic and parasym-
pathetic nerves (Kuchiiwa et al. 1992; Drummond 1994). 
Facial sympathetic nerves evoke vasoconstriction while 
parasympathetic nerves evoke vasodilatation (Drummond 
and Lance 1987; Kuchiiwa et al. 1992; Izumi and Karita 
1993; Drummond 1994, 1995). The present results suggest 
that the SkBFs in the face—and especially those in the nose 
and eyelid—are affected by autonomic control of vasomo-
tion (Kashima and Hayashi 2011, 2013; Kashima et al. 2013, 
2014).

Cold stimulation in the TD trail tended to increase the 
nasal SkBF than the baseline value. This could result from 
lasting effect of increased response to 40 and 30 °C stimula-
tions. In turn, the sudden cooling at 20 °C in the TI trial did 
not decrease the nasal SkBF than the baseline value. Thus, 
nose cutaneous vessels may not induce constriction against 
local vasoconstrictor cold stimulation, while that easily 
dilates against local vasodilator stimulation.

Fig. 3   Relative changes in skin blood flow associated with changes 
in the stimulation temperature. Left panels show the temperature-
increase trial and right panels show the temperature-decrease trial 
for the eyelid, nose, cheek, and forehead. Filled squares, triangles, 
and circles and the open diamond denote the skin blood flows in the 
eyelid, nose, cheek, and forehead, respectively. *P < 0.05 vs. nose, 
†P < 0.05 vs. eyelid, ‡P < 0.05 vs. cheek, #P < 0.05 vs. forehead, 
**P < 0.05 between each stimulation temperature

◂
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Nasal cutaneous vasomotion is influenced by the acti-
vation of sympathetic nerves in humans and other animals 
(Zenju et  al. 2004; Nakayama et  al. 2005; Nozawa and 
Tacano 2009; Kuraoka and Nakamura 2011). We previously 
reported that vasoconstriction in the facial cutaneous vessels 
occurred solely in the nose as a pressor response to the cold 
pressor test and hand grip exercise (Kashima et al. 2013). 
Together these findings indicate that nose vasoconstriction 
is induced by sympathetic activity. The nose vasoconstric-
tion observed in previous study (Kashima and Hayashi 2011, 
2013; Kashima et al. 2013, 2014) can be induced by sympa-
thetic vasoconstriction.

The present results imply that local control of vasomotion 
plays a role in facial SkBF responses, with the exception 
of some such responses observed in the eyelid and nose. 
No studies have examined a role of autonomic activity on 
hemodynamics within the eyelid. The experimental use of 
pharmacological agents on the human face is ethically ques-
tionable, and the skin structure and innervation could dif-
fer in animals since they have nonglabrous skin around the 
eyelid. These make it very difficult to directly establish the 
mechanism relevant to SkBF in the eyelid. As an alternative, 
we implied the role of autonomic activity in eyelid vessels 
since vasomotion itself related to thermal stimulation did not 
increase eyelid blood flow.

We can deny the possibility that facial SkBF changes 
induced by a local thermal stimulus are affected by the 
pleasant or unpleasant sensations evoked by the stimulus. 
While the hedonic score to local thermal stimuli was not 
assessed in this study, the results deny this possibility. If 
the emotional state and/or autonomic nervous activity was 
changed by local thermal stimuli, the SkBF in the eyelid 
and/or nose should have changed in association with the 

emotional state (Kashima and Hayashi 2011, 2013), and we 
found no such changes. Additionally, the magnitudes of the 
MAP responses and those of SkBFs in the eyelid and nose 
to thermal stimulation were very small or nonexistent, in 
contrast to the larger responses induced by taste stimula-
tion. Thus, the local thermal stimuli used in this study did 
not change the emotional state of the subjects. The present 
experimental setting successfully minimized autonomic 
nervous and emotional responses.

Nasal SkBF showed inconsistent response in trials; sig-
nificantly increased at 40 °C in TI but not by TD. We con-
sider that the difference is due to the difference in the dura-
tion of thermal stimulation greater than skin temperature 
between TI and TD. In the TI, the skin is gradually heated 
at temperature over skin temperature (35–40 °C), whereas 
in TD trial the stimulation at 40 °C was instantaneous and 
the temperature started decreasing, even though the duration 
stimulated at 40 °C is the same both in TI and TD trials. This 
inconsistent response was not shown in cheek and forehead; 
still there is a regional difference in SkBF responses.

Conclusion

To investigate the factors causing regional differences in 
facial SkBF responses to a given stimulus, we observed the 
responses of the facial SkBF to local thermal stimulation. 
The SkBFs in the cheek and forehead increased significantly 
with the applied temperature. In contrast, the SkBF in eye-
lid did not change to any thermal stimulation, and that in 
nose did not decrease to cold stimulation at 20 °C, against 
our expectation. These findings indicate a large regional 

Fig. 4   Changes in skin blood flow in the measurement regions asso-
ciated with changes in the stimulation temperature. Baseline values 
were obtained at rest before each trial. Left panel shows the temper-

ature-increase trial and right panel shows the temperature-decrease 
trial. *P < 0.05, vs. nose, †P < 0.05, vs. eyelid, ‡P < 0.05 vs. cheek, 
#P < 0.05 vs. forehead
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variation exists in facial skin blood flow response to local 
heating or cooling.
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