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Intersegmental differences in facial warmth sensitivity during rest, passive heat
and exercise

Jung-Hyun Kima,b, Yongsuk Seob, Tyler Quinnb, Patrick Yoriob and Raymond Robergeb

aDepartment of Sports Medicine, Kyung Hee University, Yongin-si, South Korea; bCenters for Disease Control and Prevention, National
Institute for Occupational Safety and Health, National Personal Protective Technology Laboratory, Pittsburgh, PA, USA

ABSTRACT
Background: Increased facial warmth sensations could lead to thermal discomfort, and different facial
regions may demonstrate concurrent temperature differences. The study aim was examining facial
warmth sensitivity differences by facial region under differing environmental conditions.
Methods: Twelve men had heat flux measurements of six facial regions during 30min each of rest in
thermoneutral conditions (25 �C, 30% relative humidity (RH)), rest in warm conditions (40 �C, 30% RH),
and cycling at 400 W of metabolic heat production (40 �C, 30% RH).
Results: The forehead demonstrated highest temperatures at termination of all study conditions; low-
est temperatures were noted for the nose under thermoneutral conditions and chin during warmth
and exercise conditions. Five of six facial regions demonstrated significant differences in warmth sensi-
tivity, decreasing to two of six regions during warm conditions and one of six regions during exercise,
with the upper lip most sensitive in all conditions. Body thermal comfort (TC) perceptions, regressed
individually on mean facial temperature (Tface) vs. core temperature (Tco), indicated that Tface was sig-
nificantly more related than Tco to perceived TC (p¼ .001). Perceived TC, regressed individually on per-
ceived overall body thermal sensation (TS) vs. facial TS, demonstrated that Tface was significantly more
related to perceived TC (p¼ .004).
Conclusion: There were regional differences in facial warmth sensitivity together with different facial
temperatures moving toward equilibration when the body is subjected to heat-producing activities.
Perceptions of TC were more strongly related to Tface than to Tco or overall body TS.
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Introduction

The face has been observed to display high cutaneous ther-
mosensitivity, in relation to local temperature sensations,
that is influenced by its high density of thermal afferents [1].
This finding may have practical consideration in the day-to-
day activities of numerous individuals who wear close-fitting
facial coverings of different configurations (medical masks,
industrial respirators, welding masks, breathing resistance
trainer masks, niqab, balaclava, keffiyeh, etc.) that may result
in increased facial skin temperature and associated thermal
discomfort, as well as affect compliance with the use of facial
personal protective equipment [2]. In order to undertake
ameliorative measures for facial thermal discomfort, it would
first be useful to determine if focal differences in facial ther-
mosensitivity exist and, if so, the impact of physical activity
and warm ambient conditions on these facial regions. The
current study was undertaken by the National Institute for
Occupational Safety and Health’s (NIOSH) National Personal
Protective Technology Laboratory to examine if there were
differences in facial warmth sensitivity between different
facial areas during stages of thermoneutral and warm

ambient conditions, as well as during exercise activities in a
warm environment. Our hypothesis was that the warmth
sensitivity determined in heat flux threshold would differ
among facial regions more during thermoneutral ambient
conditions, and that these differences would fade as the sub-
jects progressed through passive warming and exercise.

Materials and methods

Subjects

Twelve healthy, nonsmoking men (age: 22 ± 2 years, height:
182.1 ± 9.2 cm, weight: 77.1 ± 9.6 kg, body mass index:
23.3 ± 2.3 kg�m2, VO2max: 56.1 ± 7.9ml�kg�min�1) were
recruited from the general population. Subjects underwent a
medical screening by a licensed physician and also per-
formed a maximal graded exercise test to assess potential
underlying cardiac abnormalities and aerobic fitness. All
mandatory laboratory health and safety procedures have
been complied with in the course of conducting all experi-
mental work reported in this study, and the study protocol
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was reviewed and approved by the NIOSH Institutional
Review Board (IRB) (protocol# HSRB-10-NPPTL-02). Written
informed consent was obtained from each subject prior to
study participation that allowed for the inclusion of material
pertaining to themselves, acknowledgement that they cannot
be identified via this article, and that they have been
fully anonymized.

Procedure

Subjects visited the testing laboratory on two occasions sep-
arated by at least three days, at the same time of morning
each day, for familiarization and experimentation while
abstaining from strenuous exercise and alcohol consumption
at least 48 h prior to each scheduled visit. Subjects were also
instructed to partake of only a light breakfast on test days.

During familiarization, subjects’ facial anthropometrics
were measured for forehead length (trichion to glabella),
face length (menton to sellion), face width (between zygo-
matic arches) and bigonial width (between gonions), using a
calibrated fractional caliper. Anthropometric information was
used to identify facial landmarks for the study instrumenta-
tion and treated as a controlling variable for statistical ana-
lysis, given that variations in facial skin temperature are
related to, among other factors, differences in the size and
shape of specific facial features [3]. Subjects were then fami-
liarized with the study protocol and measurements, including
mode of exercise, warmth sensitivity test and subjective
scales. A maximal exercise test (VO2max) was carried out
with a cycle ergometer (VIAsprint 150P, Carefusion, Yorba
Linda, CA). Consequently, an individual exercise intensity for
400 W of fixed metabolic heat production (MHP) was deter-
mined for the experimental trial, given that measuring oxy-
gen (O2) consumption was not feasible due to sensor
placements on the face. MHP was calculated as a metabolic
rate (M) – external work load (W) in that;

M ¼ VO2 � RER – 0:7=0:3 � ecð Þ þ 1 – RER=0:3 � efð Þ½ �=60
where RER is the respiratory exchange ratio (ratio of carbon
dioxide production and O2 consumption), ‘ec’ is the caloric
equivalent of a liter O2 when carbohydrates are oxidized
(21.1 kJ) and ‘ef’ is the caloric equivalent of a liter of O2

when fat is oxidized (19.6 kJ). The group mean (±standard
deviation) MHP was 408.7 ± 8.2 W at W¼ 95 ± 10 W, which
was approximately 30% of the subjects’ maximal exer-
cise capacity.

For the experimental trials, subjects were instructed to
arrive with their face clean shaven. Upon arrival at the
laboratory, subjects first self-inserted a flexible rectal thermis-
tor (REF-4491, YSI temperature, Dayton, OH) 13 cm into the
rectum to measure core body temperature (Tco), wore ath-
letic attire (tee-shirts, shorts and shoes) and drank a con-
trolled amount of water (5ml�kg�1 body mass). Following a
vital signs evaluation, subjects moved to an environmental
chamber and rested on a chair for sensor instrumentation.
For facial temperature measurements, the face was wiped
with a cleanser tissue to remove oily substances; skin ther-
mistors (ITP082-25, Nikkiso-Therm Co., Ltd., Tokyo, Japan)

were then placed on the right side of six facial regions
(Figure 1), which were consequently utilized to calculate the
unweighted mean facial temperature (Tface).

An additional four skin thermistors (T-type copper/con-
stantan, Concept Engineering, Old Saybrook, CT) were affixed
to other body sites (ipsilateral chest, forearm, thigh and calf)
in order to calculate weighted mean skin temperature (Tsk)
according to Ramanathan [4].

Upon completion of sensor instrumentation, subjects
practiced a warmth sensitivity test, after which the experi-
mental protocol was commenced. Warmth sensitivity was
defined as the difference in heat flux (HFdiff) between the
commencement of the trial and the subject’s determination
of a warmth sensation [5]. The protocol consisted of a
30min seated rest in a thermoneutral condition (25 �C, 30%
relative humidity (RH), a 30min seated rest in a warm condi-
tion (40 �C, 30% RH), and 30min cycling exercise at the pre-
determined intensity for 400 W of MHP in a warm condition
(40 �C, 30% RH). No water consumption was allowed during
the experiment.

At the 11th min of each stage, subjective measurements
and the warmth sensitivity test were carried out in duplicate.
Subjective measures included thermal comfort (TC) obtained
using a four-point comfort scale [6] (1: comfortable, 4: very
uncomfortable), and overall body thermal sensation (TS) and
facial thermal sensation (TSface) utilizing a nine-point sensa-
tion scale [7] (–4: very cold, 0: neither warm nor cold, 4: very
hot). Immediately following the subjective measurements,
facial warmth sensitivity was measured using a thermocep-
tion analyzer (Intercross-210, Intercross Co., Tokyo, Japan).
The measurement of cutaneous warmth sensitivity using this
analyzer has been well described in previous studies [8,9]. In
essence, a thermal stimulator probe (25� 25mm) of the
equipment is built with a Peltier element which transfers
power generated heat to a contact surface and measures
heat flux between the probe and skin surface. The thermal

Figure 1. Six facial regions for the measurements of facial temperatures
and warmth sensitivity. (A) forehead, (B) nose, (C) cheekbone, (D) upper lip,
(E) cheek and (F) chin.
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stimulator probe was placed on the left side of each facial
region which was marked with a cosmetic pencil to guide
consistent placement. The probe (pre-set at 33 �C) was first
stabilized to the skin temperature of the measurement areas
with the heat flux maintained within a range of ±30 W�m2.
After stabilization, the probe temperature was increased at
0.1 �C�s�1 until subjects detected a warmth sensation, at
which time they pressed a hand-held switch in their right
hand. The warmth sensitivity was determined as HFdiff (W�m2)
between the end-stabilization and detection of a warmth sen-
sation. As heat flows from the warmer probe to the skin,
HFdiff is presented as a negative value, so that numerically
greater values of HFdiff indicate the need for greater probe
warmth to elicit a warmth sensation and thereby reflect
decreased thermosensitivity (e.g., –400 W�m2 indicates
decreased thermosensitivity compared to –200 W�m2).

Statistical analysis

In order to examine if warmth sensitivity differs among facial
regions, the main dependent variable (HFdiff) was analyzed
using generalized estimating equations (GEEs) with three lev-
els of conditions and six levels of facial regions. Further, pair-
wise comparisons among the facial regions were computed
by adjusting for mean differences for facial anthropometric
features. The dependent variable (HFdiff) was a negatively
skewed, repeated measure with all observed values below
zero. Given the dependence between observations and non-
normality of the dependent variable, GEEs were used to
examine the research question. GEE adjusts for dependence
among observations, allows for non-normally distributed
dependent variables to be accurately modeled, and allows
mean differences to be assessed while adjusting for distinct
facial features. Within the GEE regression model, face location
was entered as a categorical variable with the covariates pre-
viously mentioned; therefore, the resulting pairwise compari-
sons are computed while face length, forehead length, face
width and bigonial width are held constant at their respective
mean levels (12.4, 7.0, 13.2 and 10.1 cm, respectively). A statis-
tical significance was set at p<.05 and all statistical analyses
were carried out using an SPSS (SPSS Inc., Chicago, IL).

Results

At the end of each of the three trial conditions (thermoneu-
tral, passive warming, exercise) of the six facial regions, the
forehead achieved the highest mean temperatures, whereas

the nose recorded the lowest mean temperature during the
thermoneutral trial and the chin had the lowest mean tem-
peratures in the warm and exercise trials (Table 1).

Pairwise comparisons of the six examined facial regions
demonstrated that five comparisons achieved a statistically
significant HFdiff during thermoneutral trials, two areas dur-
ing passive warming, and one area during exercise (Table 2).

The cheek region showed significantly diminished thermo-
sensitivity (quantitatively greater HFdiff values) compared
with the nose, cheekbone, upper lip and chin during thermo-
neutral trials, while the upper lip demonstrated the highest
thermosensitivity (quantitatively inferior HFdiff values)
between the facial regions during thermoneutral trials.
Significantly diminished thermosensitivity in the cheek com-
pared to the nose and upper lip regions was maintained

Table 1. Mean temperatures (in �C at 11min and 30min of indi-
vidual trials) during trials at thermoneutral, passive warming and exercise in a warm environment conditions.

Variables Thermoneutral Passive warming Exercise

Forehead 35.06 ± 0.38, 35.61 ± 0.34 36.41 ± 0.21, 36.30 ± 0.32 36.48 ± 0.44, 36.98 ± 0.45
Cheekbone 34.08 ± 0.91, 34.68 ± 0.63 36.09 ± 0.37, 36.02 ± 0.24 35.87 ± 0.59, 36.10 ± 0.48
Cheek 34.24 ± 0.62, 34.77 ± 0.64 36.30 ± 0.23, 36.16 ± 0.28 36.56 ± 0.30, 36.77 ± 0.35
Nose 33.93 ± 0.87, 34.52 ± 0.71 36.20 ± 0.22, 36.02 ± 0.30 36.49 ± 0.25, 36.64 ± 0.31
Upper lip 34.17 ± 0.35, 34.70 ± 0.37 36.11 ± 0.40, 35.93 ± 0.20 36.02 ± 0.41, 36.13 ± 0.34
Chin 34.31 ± 0.35, 34.70 ± 0.37 35.85 ± 0.44, 35.79 ± 0.16 35.92 ± 0.34, 35.94 ± 0.45
Facial (weighted) 34.32 ± 0.35, 34.83 ± 0.43 36.16 ± 0.24, 36.05 ± 0.20 36.23 ± 0.28, 36.43 ± 0.29
Rectal 36.91 ± 0.28, 36.97 ± 0.29 36.79 ± 0.28, 36.79 ± 0.29 36.95 ± 0.26, 37.22 ± 0.24
Mean body (weighted) 35.97 ± 0.28, 36.02 ± 0.26 36.37 ± 0.24, 36.39 ± 0.29 36.84 ± 0.24, 37.11 ± 0.22

Table 2. Heat flux difference pairwise comparisons among the facial regions
while adjusting for facial anthropometrics.

Parameter Forehead Nose Cheekbone Upper lip Cheek Chin

Forehead �

Nose ��
Cheekbone �

Upper lip ���
Cheek
Chin �

Pairwise comparisons that are significantly different at p<.05 are indicated for
three conditions: thermoneutral (�), passive warming (�) and exercise (�).
Face length, forehead length, face width and bigonial width were held con-
stant at 12.4, 7.0, 13.2 and 10.1 cm, respectively.
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Figure 2. Heat flux threshold of six facial regions across thermoneutral, passive
warming and exercise conditions. Values are mean and standard devi-
ation (n¼ 12).
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through passive warming and during exercise only compared
to the upper lip (Figure 2).

On the nine-point sensation scale, overall TS were
0.0 ± 0.4, 1.5 ± 0.5 and 2.8 ± 0.6, respectively, for the thermo-
neutral, passive warming and exercise conditions, and
0.0 ± 0.4, 1.8 ± 0.7 and 3.4 ± 0.5 for TSface. TC regressed indi-
vidually on mean Tface vs. Tco indicated that Tface was signifi-
cantly (p¼ .001) more strongly related than Tco to TC (Table
3). TC regressed individually on perceived overall TS vs. TSface
also demonstrated that Tface was significantly (p¼ .004) more
related to TC (Table 3).

Discussion

The current study has evaluated the temperatures, heat flux
and subjective thermal perceptions of six distinct regions of
the face. Our temperature data demonstrate that, with
regard to the tested facial regions at the three study condi-
tions (thermoneutrality, passive warming, exercise), the fore-
head achieved the highest mean temperatures, a finding
related to its proximity to the brain that allows for conduct-
ive and convective heat transfer mechanisms to help regu-
late brain temperature [10,11]. Also, the forehead is well
vascularized and has a uniform surface area with a thin layer
of subcutaneous fat [12,13]. The nose is recognized as the
area of lowest temperature on the face and the low mean
temperature noted in the thermoneutral trial condition is
related to its high surface area to volume ratio [14], the avas-
cular nature of its cartilaginous component [15], and the
influence of inhaled air prior to its warming by the nasal
mucosa in the nasal cavity [16]. However, as was evident in
the current study, the nasal temperature increases rapidly
when subjected to the effects of warm air or exercise-
induced warmth, a feature that is related to the presence of
numerous arteriovenous anastomoses in the nose that dilate
in response to an increase in body heat [12]. The tempera-
ture of the chin area in the thermoneutral condition was
similar to that noted previously in a study of young men
that reported the chin as having one of the areas of the face
with the highest cutaneous blood flow [17]. This increased
blood flow is likely related to the low vasoconstrictor tone of
the chin region that has been shown to result in lower heat
flow after body heating [18], and would explain the fact that
the chin exhibited the lowest temperatures in the present
study at the end of the warmth and exercise conditions
(Table 1). Our data emphasize that there are some noted dif-
ferences in resting temperature of the tested facial regions,

with the forehead temperature being the highest and nose
temperature being the lowest, but these temperature differ-
ences become blunted as the mean body temperature (MBT)
increases due to passive warmth or exercise.

The use of heat flux sensors enables rapid response direct
and accurate measurements of thermal energy flows,
although there appears to be a dearth of data on this tech-
nique, as applies to facial skin [19]. Heat flux measurement
analysis of the current data, utilizing pairwise comparisons
between the six facial regions tested, demonstrated statistic-
ally significant HFdiff for five of six facial regions in the ther-
moneutral condition. Four facial regions (nose, cheekbone,
upper lip, chin) were found different than the cheek, while
the last difference was found between the upper lip and
forehead. The number of significant differences in HFdiff
across facial regions declined in number during the passive
warming and exercise conditions which likely resulted from
increased homogeneity in facial temperatures between differ-
ent facial regions (Tables 1 and 2), thus supporting our initial
hypothesis. As Tco progressively increased during the warmth
and exercise trials, regional facial skin temperatures rose to
promote dissipation of excess body heat through radiation,
convection and evaporation, and the HFdiff eventually
approached equilibration between most tested facial regions.
Given these findings, it seems as though thermal sensitivity
across facial regions, as defined by HFdiff, differs slightly in
thermoneutral conditions, especially when comparing the
cheek regions to other facial regions (Figure 2). However,
these differences in thermal sensitivity tend to dissipate as
Tco increases due to environmental conditions or exercise.
Decreases in thermal sensitivity during exercise may also
have been a result of exercise-induced analgesia. It has been
previously shown that TS, both hot and cold, throughout the
entire body, may be blunted during exercise due to this phe-
nomena [20–22]. However, it remains that exercise alone
cannot completely explain the change in HFdiff noted in the
present study because a decrease in the number of signifi-
cant pairwise comparisons was found during the passive
warming condition alone, without the influence of exercise.
Thermosensitivity between different regions of the same ana-
tomical area (face) is independent of the resting skin tem-
perature of the regions, consistent with previous findings
[23]. Relative differences in thermosensitivity between the
facial regions persist, although their thermoneutral condition
temperature differences become smaller during passive heat-
ing and exercise.

Table 3. Regression model for perceived thermal comfort with physiological measures of face and core body temperatures.

Parameter B Standard error

95%
confidence interval

Wald chi square p value Exp (B) Lower UpperLower Upper

Tface
a 0.63 0.08 0.48 0.78 68.76 <.001 1.87 1.62 2.17

Tco
a 0.53 0.35 –0.06 1.13 3.07 .080 1.71 0.94 3.10

Tface
b 0.35 0.12 0.12 0.59 8.48 .004 1.42 1.12 1.80

Tco
b 0.17 0.11 –0.05 0.39 2.39 .123 1.19 0.96 1.47

aFace vs. core body temperatures.
bPerceived thermal comfort vs. facial thermal sensations.
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TS is the perception of temperature conditions evoked by
thermal skin receptors and is used by the body to process
information about the thermal condition of external objects
or the environment [24]. The face is generally regarded as
the most thermosensitive body region due to its high con-
centration of thermoreceptors [1]. This is, in turn, related to
the face’s proximity to a brain which is less tolerant of
increased temperature than the torso [24]. The physiological
zero point of facial skin (the temperature at which different
stimuli may be sensed as hot or cold, and comfortable or
uncomfortable, depending on their comparison with concur-
rent skin temperature) is 34 �C when the upper lip, a region
of dense thermoreceptors, is used as the indicator [25,26]. TS
correlates best with skin temperature [27], and offers a
rationale for the current study’s finding that Tface was more
strongly related (p<.001) than Tco to perceived TC (Table 3).
In the current study, TS and TC during passive heating and
exercise (with a minimal increase in Tco) seemed to be
greatly influenced by Tsk, but not Tco. Our analysis shows
that Tface had a greater influence on TS and TC, consistent
with previous studies [24,28,29]. Of related interest is the fact
that the three areas of highest facial TS (nose, cheekbone,
upper lip) (Figure 1) in the current study are those routinely
covered by healthcare-related protective masks frequently
cited as causing perceptions of thermal discomfort [2].

The perception of TC is the state of mind which expresses
satisfaction with the thermal environment [30], a psycho-
logical concept that relies on the desired physiological state
(uncomfortable through comfortable) [27]. TC is dependent
upon Tsk when body temperature is constant, but is
impacted by changes in Tco [24], such as the increases that
occurred in the current study’s warmth and exercise condi-
tions. The overall TS is influenced by the MBT that takes into
consideration core and peripheral skin temperatures for
which a weighted proportion between the core and skin
varies depending on skin blood flow under different environ-
ments [31]. The finding that Tface was significantly more
related (p¼ .004) to perceived TC than overall TS may be
explained by the fact that changes in whole-body discomfort
require Tco to be sufficiently displaced from thermoneutrality
[32], and this did not occur in the present study (Table 1).

Although the facial area constitutes only a small portion
(4.5%) of the overall TS, is influenced by the MBT that takes
into consideration core and peripheral skin temperatures and
it is calculated as MBT ¼ 0.64�Tcoþ0.36�Tsk [31]. The finding
that Tface was significantly more related (p¼ .004) to per-
ceived TC than overall TS may be explained by the fact that
changes in whole-body discomfort require Tco to be suffi-
ciently displaced from thermoneutrality [32], and this did not
occur in the present study (Table 1).

Although the facial area constitutes only a small portion
(4.5%) of the total skin surface area of the human body, it
dominates whole body temperature perception [33], as
noted in the current study’s results. This finding has poten-
tially important ramifications in that efforts to ameliorate
conditions of excess facial warmth are likely to reap greater
relative benefits of enhanced perceptions of comfort than
other body regions. Examples of ameliorative efforts might

include facial cooling strategies (miniaturized fans, phase
change materials, etc.) when wearing respiratory protective
devices such as respirators [34]. By the same token, some
caution is advised regarding facial cooling in very warm envi-
ronments as the improvement in the TS could mask a con-
tinued rise in Tco [35].

Conclusion

The HFdiff of six tested facial areas declined as Tco rose in
response to ambient and exercise-induced heat. Tface was
more strongly related to perceived TC than either Tco
(p¼ .001) or overall TS (p¼ .004). Thermosensitivity between
different regions of the same anatomical area (face) is inde-
pendent of the resting skin temperature of the regions.
Relative differences in thermosensitivity between the facial
regions persist, although their thermoneutral condition tem-
perature differences become smaller during passive heating
and exercise. Further studies are indicated to determine the
true mechanism (exercise-induced analgesic effect, etc.) of
the decrease in thermosensitivity brought about by heat-pro-
ducing activities (passive or active). Efforts to improve per-
ceived TC in warm environments should give consideration
to facial cooling, as it is likely to offer the most potential
benefit, but also need to consider that improved TC from
facial cooling could mask ongoing increases in Tco that could
be detrimental.
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