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CONTACT DERMATITIS

Biophysical parameters of skin: map of human face,
regional, and age-related differences
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The face showed anatomical variation on reaction to chemicals, which could be related to differences
in biophysical specificities of the skin. The aim of this study was to establish a map of the face for 6
biophysical parameters.10 young human volunteers (24–34 years) and 10 old volunteers (66–83
years) were studied to prepare a map of the human face based on regional variations and age-related
differences by measuring various biophysical parameters. 7 locations on the face, neck, and forearm
were investigated. Skin blood flow, transepidermal water loss (TEWL), stratum corneum hydration
(capacitance), temperature, pH, and sebum content of the skin surface were measured. In both
groups, skin blood flow in the nose showed the highest value. Perioral and nasolabial areas showed
the highest TEWL values. The neck showed the highest capacitance value. The highest skin temper-
ature was detected in the neck in the young group and in the nasolabial area in the old group. The
chin showed the most alkaline pH in both groups. Nasolabial area showed the highest sebum content
in the young group, as did the chin in the old group. These baseline values provide a framework to
build on for ascertaining disease and intervention-related effects.

Key words: capacitance; LDF; non-invasive measuring; pH; sebum; skin physiology; temperature;
TEWL. # Blackwell Munksgaard, 2007.

Accepted for publication 14 February 2007

The face showed anatomical variation on reaction
to chemicals, which could be related to differences
in biophysical specificities of the skin. Few studies
tried to draw a map of the human face based on
biophysical measurements. Even when available,
these studies explored either limited areas of the
face or restricted biophysical parameters (1–6).
The aim of this study was to establish a map of

the facial skin for 6 biophysical parameters used
to explore various components of the skin: trans-
epidermal water loss (TEWL), skin hydration
(capacitance), upper dermis vascularization by
laser Doppler flowmeter (LDF), skin surface tem-
perature, skin surface pH (pH), and lipid content
of the skin surface (sebum).

Materials and Methods

Subjects

2 age groups were examined: 10 healthy volunteers
in the young group, aged 29.8 � 3.9 years (range

24–34 years), and 10 in the old group, aged 73.6�
17.4 (range 66–83 years). All the volunteers gave
written consent, and the study was approved by
the local ethical committee.

Methods

9 regions (forehead, upper eyelid, nose, cheek,
nasolabial and perioral areas, chin, neck, and
volar forearm) were studied. TEWL was mea-
sured using an evaporimeter (Servo Med EP1;
Servo Med, Stockholm, Sweden), according to
the European Society of Contact Dermatitis re-
commendations (7). The results were expressed as
g/m2/h. Electrical capacitance of the stratum cor-
neum (8) was measured with a capacitance meter
(Corneometer CM 420; Schwartzhaupt Medizin-
technik, Cologne, Germany). The capacitance
was expressed in arbitrary units.
Infrared pyrometer (Omega OS 611; Omega

Engineering Inc., Stamford, CT, USA) was used
to measure skin temperature. Skin pH was
recorded by using a skin surface pH meter (skin
pH-meter PH 900 PC; Courage & Khazaka,
Cologne, Germany). A small area of each site
investigated was wiped with ethanol and 1 hr later
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the lipid content of the skin surface (sebum) was
determined by using a sebumeter (Sebumeter SM
810; Courage & Khazaka) (9). The sebumeter
determines sebum output in mg/cm2. Measure-
ments of the cutaneous blood flow were taken
using an LDF (10) (laser blood flow monitor
MBF3D; Moor Instruments, Axminster, UK).
Blood flow measurements were not taken on the
upper eyelid because of the potential effect of the
laser beam on the retina. Blood flow was moni-
tored at 1 measurement per second for 30 seconds
and the values were averaged. LDFmeasurements
were expressed in arbitrary units.
Room temperature and relative humidity were

recorded each time a subject was studied. Room
temperature during the young group study (20.3�
2.3� celsius) was significantly (P ¼ 0.042) lower
than in the old group study (22.1 � 2.3� celsius).
Relative humidity during the young group study
(52.6 � 3.8) was significantly higher (P ¼ 0.009)
than in the old group study (46.5 � 5.5).

Statistical analysis

To compare the measurements of the various skin
sites within each group, the ANOVA test was used.
The two-tailed Student’s t-test for unpaired data
was used to compare the differences between the 2
age groups. Linear regression and correlation
analysis of measured parameters for each skin
location and global correlation involving all the
sites were performed using the Pearson’s product–
moment correlation coefficient.

Results

LDF measurements

Comparison between regions. The nose showed
the highest value in both groups. Blood flow in
the nose was significantly higher when compared
with the forearm (P < 0.001) and almost signifi-
cantly higher than the neck (P ¼ 0.066) in the
young group (Fig. 1). The perioral and nasolabial
areas, the forehead, the chin, the cheek, and the
neck took an intermediate position and showed
higher baseline blood flow than the forearm
(P < 0.05). Statistical significance was more obvi-
ous in the old group: nose blood flow was signifi-
cantly higher than all the areas studied except the
chin. It was followed by the chin, perioral and
nasolabial areas, and cheek that showed higher
blood flow values than the neck and forearm.
The forehead and neck showed higher blood flow
values than forearm only.
In the 2 groups, the forearm showed the lowest

baseline blood flow value.

Comparison between the 2 age groups.
Although no statistical significance was found,
mean LDF values of the nose, nasolabial area,
chin, and forearm were higher in the old group.

Transepidermal water loss

Comparison between regions. The perioral and
nasolabial areas showed the highest TEWL values
in both groups (Fig. 2). In the young group,
TEWL in the nasolabial area was significantly
(P< 0.05) higher than TEWL in 5 areas: forehead,
upper eyelid, nose, cheek, and forearm. The perio-
ral TEWLwas higher than TEWL in 3 areas: fore-
head, cheek, and forearm. In the upper eyelid,
TEWL was higher than TEWL in the cheek and
forearm. In the forehead, the nose, the cheek, the
chin, and the neck, TEWL was higher than only
TEWL in the forearm.

In the old group, the nasolabial area TEWL was
significantly (P < 0.05) higher than all the areas
studied except the perioral area. In the perioral area,
the chin, and upper eyelid, TEWL was higher than
the 4 areas: forehead, cheek, forearm, and neck. In
the nose, the neck, the forehead, and the cheek,
TEWL was higher than in the forearm. In both
age groups, the forearm showed significantly lower
TEWL values than the other investigated areas.

Comparison between the two groups. Although
no statistical significance was found between the
2 age groups, the young group showed a higher
TEWL mean values in the perioral area, the neck,
and the forearm. In the nasolabial area, the upper
eyelid, forehead, chin, and nose, TEWL was
higher in the old group.

Fig. 1. Classification of regional variation in laser Doppler
flowmeter (LDF) values. The nose shows the highest value
in both age groups. LDF is the lowest in the forearm. In the
young group, LDF values were similar in the remaining areas.
In the old group, LDF values in the chin, perioral, nasolabial
areas, and the cheek are similar and follow the LDF nose
values. The forehead and neck show higher LDF values than
forearm. The table shows LDF values (mean � SD) in young
and old groups expressed in arbitrary units.
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Stratum corneum hydration (capacitance)

Comparison between regions. The neck showed
the highest capacitance value in both age groups
and was significantly more hydrated than in all the
other areas studied (Fig. 3). The nose was the least
hydrated area.

In the young group, the chin was significantly
more hydrated than the nose and the nasolabial
area, while the upper eyelid, the forehead, perioral
and nasolabial areas, the cheek, and the forearm
showed higher capacitance values than the nose.
In the old group, the forearm was significantly

more hydrated than the nose and the cheek, and
almost significantly more hydrated than the nose
(P¼ 0.067). Although capacitance mean values of
the chin, the upper eyelid, the forehead, and perio-
ral and nasolabial areas were higher than the nose,
significance was not reached.
Comparison between the 2 age groups. Stratum

corneum hydration in the young group was signifi-
cantly higher in the upper eyelid (P ¼ 0.029) and
perioral area (P ¼ 0.025). The forearm capaci-
tance was significantly higher (P ¼ 0.005) in the
old group.

Skin temperature

Comparison between regions. The skin tempera-
ture of the neck showed the highest value in the
young group followed by the nasolabial and
perioral areas (Fig. 4). In the old group, the naso-
labial followed by the perioral area showed the
highest temperature value.
The neck in the young group showed a signifi-

cantly higher skin temperature than the 3 areas:
forehead, cheek, and forearm. The nasolabial skin
temperature was higher than temperature in the
forearm and almost significantly higher than
cheek and nose skin temperatures (P ¼ 0.055 and

Fig. 2. Classification of regional variation in TEWL values
are shown. In the young group, the nasolabial area shows the
highest value, followed by the oral area, and then by the
eyelid. The forehead, nose, cheek, chin, and neck show sim-
ilar TEWL values. In the old group, the nasolabial area
shows the highest TEWL value, followed by perioral area,
the chin, and the upper eyelid. The nose, neck end, forehead,
and cheek follow with similar TEWL values. The forearm
shows the lowest TEWL values in both groups. The table
shows TEWL values (mean � SD) in young and old groups
expressed as g/m2/h.

Fig. 3. Classification of regional variation in capacitance
values are shown. The neck is the most hydrated area in both
groups, and the nose is the least one. In the young group, the
neck is followed by the chin, then by forehead, upper eyelid,
cheek, perioral and nasolabial areas, and forearm, which
show similar capacitance values. In the old group, the neck
is followed by forearm, and then by the cheek. The forehead,
upper eyelid, nasolabial and perioral areas, and the chin fol-
low in the fourth position. The table shows capacitance val-
ues (mean � SD) in young and old groups expressed in
arbitrary units.

Fig. 4. Classification of regional variation in skin temper-
ature values are shown. In the young group, the neck shows
the highest temperature, followed by nasolabial area, perio-
ral area, and the chin. Forehead, upper eyelid, cheek, nose,
and forearm show the lowest skin temperature. In the old
group, nasolabial area shows the highest skin temperature,
followed by perioral area, then by the chin. The lowest skin
temperature is shown in the remaining areas. The table shows
skin temperature values (mean � SD) in young and old
groups expressed in degrees celsius.
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P¼ 0.092, respectively). The chin and perioral area
showed almost significantly higher skin tempera-
ture (P ¼ 0.093 and P ¼ 0.090, respectively) than
the forearm. Forehead, upper eyelid, cheek, nose,
and forearm showed the lowest skin temperatures.
In the old group, nasolabial area showed higher

temperature than the 3 areas: forehead, upper eye-
lid, and forearm. The perioral area showed higher
skin temperature than the 2 areas: forehead and
forearm. Skin temperature in the chin was almost
significantly higher than temperature in forehead
and forearm. Temperature was similar in the 6
remaining areas: neck, cheek, forehead, upper eye-
lid, forearm, and nose.
The lowest skin temperature values were

detected in the nose followed by the forearm in
both age groups.
Comparison between the 2 groups. Although no

statistical difference was detected between the 2
age groups, skin temperature mean values were
higher in the old group in all the areas studied.

Skin pH

Comparison between regions. The chin showed
the most alkaline skin pH in both groups (Fig. 5).
In the young group, the chin showed higher skin

pH than the 4 areas: forehead, upper eyelid, cheek,
and perioral area. The forearm, nose, nasolabial
and perioral areas, the cheek, and the neck
showed significantly higher pH than the 2 areas:
forehead and upper eyelid.

In the old group, chin skin pH was higher than
the pH in 4 areas: forehead, upper eyelid, nose,
and perioral area. In the forearm, the neck, and
the nasolabial area, pHwas higher or almost signi-
ficantly higher than the pH in 2 areas: forehead
and upper eyelid. The cheek, perioral area, and
nose did not show higher pH than forehead and
upper eyelid, which showed the most acidic skin
pH in both age groups.

Comparison between the 2 groups. In all the
areas studied, the skin pH means were higher in
the old group. Statistical significance was found in
the following areas: forehead (P ¼ 0.001), upper
eyelid (P ¼ 0.021), neck (P ¼ 0.036), and forearm
(P ¼ 0.017).

Sebum

Sebumeter measures total lipids, which, on the
face, is largely sebum (Fig. 6).

Comparison between regions. Nasolabial area,
followed by the chin and the perioral area, showed
the highest skin surface lipids contents in the
young group. Sebum in the nasolabial area was
significantly (P< 0.05) higher than in all the other
studied areas except the chin. In the chin and
perioral area, sebum content was higher than the
3 regions: upper eyelid, neck, and forearm. The
forehead, the cheek, and the nose showed higher
sebum values than the 2 areas: neck and forearm.
Sebum content in the upper eyelid and the neck
was higher than the forearm.

Fig. 5. Classification of regional variation in skin pH values
are shown. In both groups, the chin shows the most alkaline
skin pH, while forehead and upper eyelid show the most
acidic pH. In the young group, forearm, nose, nasolabial
and perioral areas, cheek, and neck show similar skin pH
values. In the old group, the forearm, the neck and nasolabial
area show lower skin pH than the chin, followed by the
cheek, perioral area, and the nose. The table shows skin
pH values (mean � SD) in young and old groups.

Fig. 6. Classification of regional variation in sebum content
are shown. In the young group, nasolabial areas show the
highest sebum content followed by perioral area and the chin,
then by forehead, cheek, and nose. The neck and upper eyelid
follow. The forearm shows the lowest sebum content. In con-
trast to the young group, the old group shows the classical
T-shaped distribution of sebum production. The highest val-
ues are found in the forehead, nasolabial and perioral areas,
and the chin. The cheek follows, then the neck, and upper
eyelid. The table shows sebum content (mean� SD) in young
and old groups expressed in mg/cm2.

Contact Dermatitis 2007: 57: 28–34 HUMAN FACE BIOPHYSICAL PARAMETERS 31



In the old group, the chin, followed by the nose
and nasolabial area showed the highest value. The
chin, nasolabial and perioral areas, forehead, and
nose showed significantly higher sebum content
than the 3 areas: upper eyelid, neck, and forearm.
The cheek showed higher sebum values than 2
areas: upper eyelid and forearm. The neck and
upper eyelid showed higher sebum content than
the forearm.
Only the forearm did not show measurable

sebum content in both groups.
Comparison between the 2 age groups. No sta-

tistically significant differences were found. How-
ever, the old group showed higher mean values
than the young group in the forehead, nose, and
perioral area. The young group showed higher
sebum mean values in the upper eyelid, nasolabial
area, and chin.
The differences were slight in the cheek, perioral

area, and neck.

Correlations studies

All parameters were correlated with each other in
each age group but without considering the
regions separately.
Correlations between TEWL and skin tem-

perature (r ¼ 0.51, P < 0.01 in the young group;
r ¼ 0.44, P < 0.01 in the old group) and between
sebum and LDF (r ¼ 0.40, P < 0.01 in the young
group; r ¼ 0.65, P < 0.01 in the old group) were
the strongest detected.

Discussion

Baseline LDF

In both age groups and in concordance with the
Shriner classification (11), the nose showed the
highest blood flow levels in the face. Differences
in blood flow between various areas of the face
exist (3) probably because of variability in skin
vascular architecture (12). However, some dis-
crepancies exist between various studies probably
under the influence of some parameters (age, gen-
der, and race) (13). Besides these potential influ-
encing parameters, a great spatial and temporal
intra-individual heterogeneity of LDF measure-
ments has been demonstrated by Braverman
(14). This heterogeneity would be explained by
the microanatomical organization of the microcir-
culation units of the upper dermis. The vascular
unit was compared with an umbrella, with the
handle is represented by ascending arterioles,
and the umbrella proper is formed by the arterio-
lar and veinular branches forming the upper vas-
cular plexus. The ascending arterioles are spaced
at intervals of 1.5–7 mm and give high erythro-

cytes flux and high concentration of moving red
blood cells. Areas of relative avascularity give low
erythrocytes flux and low concentration of mov-
ing red blood cells (14). Thus, LDF values depend
upon the position of the LDF probe on the skin.
Moderate correlation was found between LDF

and sebum content in both age groups, which is
not surprising because the sebaceous glands should
require more oxygen, and thus more blood supply
as their metabolism and sebum production in-
crease. As reported by Moretti et al. (15), the face
is richly vascular, and all arterioles and capillaries
are organized in vascular units around the appen-
dages of the face, so an increase in sebaceous
glands number requires more vascularization.

Transepidermal water loss

Nasolabial and perioral areas showed the highest
TEWL levels in the 2 age groups. The forearm
showed the lowest values. In concordance with
other studies, significant regional variations were
found (4, 5, 11, 16, 17). TEWL is dependent on
various factors including skin temperature (18),
skin blood flow (19), local haemodynamics (20),
the degree of corneocyte formation (6), and stra-
tum corneum lipids contents (21).
In this study, nasolabial and perioral areas

showed the highest skin temperature values in
the old group. This could partly explain the high
TEWL values in these areas. In the young group,
nasolabial and perioral areas showed the highest
skin temperature values after the neck. As
described earlier (18, 22), skin temperature and
TEWL are correlated when sweat glands are inac-
tivated. This is confirmed by our results even
though eccrine glands were only inactivated by
rest in our study.
Conflicting results have been published concern-

ing the effect of ageing on TEWL (6). Some studies
reported a significant decrease in TEWL mainly
after the sixth decade (16, 21, 23, 24). Some others
reported a trend towards decreased TEWL with
age without reaching the statistical significance
(11, 25). Our results are difficult to compare with
the literature because only few studies involving
various areas of the face have been published (11,
16). Also, standard experimental conditions should
be defined to make the different studies compara-
ble (ambient temperature, age, race, and sex).

Capacitance

As reported by Shriner and Maibach (11), the
neck showed the highest level of hydration in both
age groups. The nose showed the lowest capaci-
tance in the 2 age groups. Based on our data
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(Figs 2 and 3) and the links reported in the liter-
ature between capacitance, TEWL (17), and hae-
modynamic factors (20), we may subdivide the
face in to the 3 areas: (i) areas with a lack of influx
of water in the epidermis: low capacitance and
TEWL (nose and forehead); (ii) areas with excess
of water evaporation: high TEWL and low capac-
itance (nasolabial and perioral areas), and (iii)
areas with high water-holding capacity: high
capacitance and low TEWL (the neck).
In concordance with some investigations (16,

26), most of the areas studied did not show any
age-related variation in skin hydration. However,
in 7 of the 9 areas studied, the skin hydration
was higher in the young group although statistical
significance was reached only in 2 areas (upper eye-
lid and perioral area). So, as reported by Berardesca
andMaibach (24), a trend to lower skin hydration
of the face is found in the elderly.

Skin temperature

In concordance with the data previously published
(11), the old group showed higher skin temperature
on the face than the young group, although the
statistical significance was not reached. However,
the need for standardized experimental conditions
is obvious taking into account the circadian
rhythm shown for skin temperature (27).
We have discussed the correlations between

skin temperature and TEWL. Skin temperature
was weakly but significantly correlated with the
sebum content of the skin in both age groups.
These 2 parameters are probably related to a third
parameter, the baseline blood flow. But only in
the old group, a correlation (r ¼ 0.39, P < 0.01)
was found between skin temperature and baseline
LDF. It is well known that increase in skin tem-
perature increases sebum excretion in the range of
10% per 1� celsius (28).

Sebum

Few studies have been published comparing the
sebum production in various areas of the face.
Sebum level distribution occurs in a T-shaped
fashion with high values on the forehead, nose,
and chin, with the cheek having the lowest values
(5, 6, 29); however, the nasolabial and perioral
areas, the eyelid, and the neck were not previously
studied. In our study, the T-shaped distribution
was found only in the old group. In the young
group, the highest values were found in the central
area of the face: nasolabial and perioral areas and
chin, with the forehead ranking third. The minor
discrepancies found could be explained by the het-
erogeneity of the studied populations and by the
variation in the experimental conditions. Cunliff

et al. reported that sebum excretion increases by
10% as local temperature increases by 1� celsius
(28). However, we did not find a similar distribu-
tion pattern between skin temperature and sebum
excretion (Figs 4 and 6). Also, Le Fur et al. (27),
who showed chronological variation of skin tem-
perature in the forearm and not in the face, found
time-dependent sebum excretion in the face and
not in the forearm. Thus, one could assume that
sebaceous glands react to variation in skin tem-
perature differently depending of the glands size
or appendages local density, which is variable
depending of the face areas. Other factors (hor-
monal, age, sex, and race) could influence sebum
secretion rendering the need for standardized pro-
tocols and experimental conditions mandatory.

Skin pH

In our study, the chin pH was the most alkaline
area in both age groups. The forehead and upper
eyelid showed the lowest pH values in both
groups.

The forehead, upper eyelid, neck, and forearm
showed significantly higher pH values in the old
group. In the remaining areas studied, the pH was
also higher in the old group, although not statis-
tically significant.

In concordance with our study, Wilhelm et al.
(16), comparing the skin pH of the forearm and
forehead with 9 other areas, found that the pH in
the forehead was one of the most acidic and the
pH of the volar forearm was one of the most alka-
line. In the same study, the skin pH of the fore-
head was significantly higher in the elderly than in
the young group. No significant difference
between the two age groups was found in the skin
pH of the forearm.

Zlotogorski (30), who studied the skin pH dis-
tribution in the forehead and cheek, found that
the skin pH of the forehead was lower than the
pH of the cheek in 89% of the subjects, and that
the pH in these 2 areas was significantly higher in
the group over 80 years.

In a chronobiologic study of biophysical skin
parameters, Le Fur et al. (27) found a more alka-
line pH in the forearm than in the forehead. A
circadian rhythm of pH in the skin face was also
found but not in the forearm, suggesting that
structural specificities of the epidermis might
account for the area-related variability of skin
pH measurements.

Although few studies focused on the skin pH in
terms of regional variations and age-related differ-
ences (16, 30), our study confirms that the pH is
more alkaline in the old subjects, and that regional
differences exist among the various areas of the face.
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A negative correlation was detected in the chin
and neck between sebum content and skin pH (r¼
�0.49, P ¼ 0.03 for the chin; r ¼ �0.53, P ¼ 0.02
for the neck). More acute studies on the surface
lipid composition and skin pH might probably
give more information on the influence of the sur-
face skin lipids on the pH.

Conclusion

We prepared a preliminary map of the human
face, based on the measurement of various bio-
physical skin parameters, commonly used in skin
research. Regional variations and less commonly
age-related differences were found. However, the
needs for standardized experimental conditions
(climate and chronobiologic variations) and the
use of homogeneous studied populations (age,
sex, and race) are mandatory to allow comparison
of the various studies and should facilitate inves-
tigation into disease and intervention effects.
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