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Background/aims: Changes in the skin conditions after
exposure to low humidity have been generally experienced
in everyday life, but there have been few reports to approach
itÐespecially in healthy skin. We have examined the effect of
low humidity on healthy human skin by using noninvasive
measurement devices.
Methods: Skin conditions on the ventral forearm and the
cheek before and after 3 or 6 h exposure to low humidity
were evaluated by measuring skin surface conductance,
skin surface capacitance and transepidermal water loss.
Skin surface replicas were also taken before and after exposure and analysed for roughness parametersÐRa (arithmetic
mean roughness value), Rz (10-point height), Sm (mean value
of the profile element) and VC1 (anisotropy of skin furrows).
Results: There was a significant decrease of water content
of stratum corneum at both test sites from the time points 0 h
to 3 h and 6 h (P < 0.01) and transepidermal water loss from
the time point 0 h to 6 h (P < 0.05). Regarding the roughness
parameters, a significant increase of Rz in the directions of
458/2258 and 908/2708 to the body axis and Sm in the directions
of 08/1808 (P < 0.05) on the forearm and VC1 (P < 0.05) on the

T

he skin is constantly exposed to various environmental stimuli, because it composes the
outermost layer of the body. The skin has not only
a barrier function against various stimuli but also
a function to prevent the loss of water from the
body. It is, therefore, obvious that environmental
humidity greatly influences the skin conditions.
Andersen et al. (1) studied the effects of dry air on
the nasal mucus flow rate, nasal resistance, forced
vital capacity, skin resistance and discomfort in
eight healthy young men exposed to 9% relative
humidity (RH) air for 27 h at 23 8C in an artificial
climate chamber. There were no significant
changes in the nasal mucus flow rate, showing
no discomfort from the body surface, and skin
resistance did not change. Reinikainen and Jaakkola (2) evaluated the effect of humidifying air
on the dryness of the skin and mucosa, allergic
and asthmatic reactions on 211 volunteers in
a six-period trial by using both humidified and
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cheek. The parameter Rz also showed a tendency to increase
in the directions of 458/2258 (P  0.06) on the cheek. A specific
pattern of the changes to be related to the Langer's lines in
the surface morphology was observed. The changes of skin
surface pattern in our experiment lead us to consider that
exposure to low humidity even in such a short period would
be related to inducing aggravation of skin texture and the
formation of fine wrinkles.
Conclusion: A short exposure of skin to a low-humidity environment induced changes in the moisture contents in the
stratum corneum and skin surface pattern, which lead us to
assume that a dry environment in our daily life would make
fine wrinkles related to lack of water in the stratum corneum.
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nonhumidified conditions. The dryness symptom
score and allergic symptoms were significantly
smaller during the humidified phase than during
the reference phase. As described in these two
reports, changes such as scabrousness or roughness are generally experienced in a dry
environment, but they have rarely been examined
from a dermatological viewpoint.
Recently advanced measurement devices have
made possible various noninvasive examinations
on the skin and provide more parameters to compare the human skin condition (3±9). This situation led us to consider examining human skin
conditions with such devices and physiological
parameters. Kajiwara et al. (10) examined the influence of airflow on skin physiological parameters. Skin temperature and water content in
the stratum corneum were decreased after
60-min exposure of the face to an airflow, but the
amount of recovered sebum was unaffected. They
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considered that the amount of recovered sebum
changes with the temperature, but it was unaffected by airflow velocity. This suggests that
the airflow would promote skin damage in an
ordinary environment within a couple of hours
by causing skin dryness. In addition, Bernadette
et al. (11) reported that a 3-h exposure to dry air
(30% RH) significantly increased the roughness
parameter of skin surface in patients with atopic
eczema, whereas no significant change occurred
in the controls. This indicates that a short exposure to dry air induces skin roughness in patients
with atopic eczema. However, further studies are
needed, because they examined only surface
roughness as a parameter; they did not examine
the changes in healthy individuals and they
did not use a dry condition. In the present study,
we investigated the effect of dry conditions on
human skin by using noninvasive measurement
devices.

instrumental measurement for the time point of
0 h was performed in order to obtain the base
value. The volunteers stayed in the room with
the humidity maintained at around 10% RH for
6 h. Measurements after the exposure to a dry
environment were made at the time points 3 h
and 6 h. After the last measurement, skin surface
replicas were taken, again.
Both the forearms and the cheeks were uncovered during the test in order to avoid any
phenomenon of occlusion and to reach a stable
balance of water exchange between the skin and
the surrounding medium.

Prohibition

Hot drinks and foods were forbidden throughout
the duration of the study.

Measurement devices
Moisture content

Materials and Methods
Environmental condition

In the low-humidity environment, the temperature was kept at 24±25 8C and an RH of 10%
monitored with a Thermohydrometer THR-VM
(Shinei, Japan).

Subjects

In total, 12 healthy human volunteersÐfour males
and eight females, 21±45 years oldÐwithout any
indications of cutaneous pathology participated
in this test.

SKICON100 (IBS Co., Ltd, Japan) (3±5) was used
for measuring the moisture contents in the
stratum corneum. These devices are based on
the conductance measurement of a fixed highfrequency current of 3.5 MHz. We analysed the
averages of five measurements at each site.
Corneometer

The moisture content in the stratum corneum was
also measured by using a Corneometer CM825
(Courage  Khazaka Electronic Gmbh, Cologne,
Germany) (6, 7). This device is based on a capacitance measurement. We analysed the averages of
three measurements at each site.

Trial schedule

The volunteers were not allowed to use makeup
on the day of the experiment. One hour before the
first measurement, volunteers washed their test
sitesÐthat is, the left ventral forearms and the
cheeksÐwith soap free of moisturizer. At the
first measurement, the skin surface replicas were
obtained from the ventral forearms and the cheeks
with silicon (Si) rubber replica material for the 0-h
measurement. Then, the test sites were washed
once again with soap free of any moisturizer, so
that nothing in the replica material affected the
following instrumental measurement. No treatment was carried out on the surfaces retained
before the instrumental measurements. Another
1 h after washing the skin, the subjects entered the
low-humidity room. After about a 10-min rest,

Transepidermal water loss

The transepidermal water loss (TEWL) was measured by using a Tewameter TM210 (Courage
 Khazaka Electronic Gmbh, Cologne, Germany)
(8). The average calculated from the data in a
stable part of a 2-min measurement was used as
a measurement value.

Skin surface pattern

The skin surface pattern was measured by
observing the negative replica using Si rubber
material. Two kinds of devices were used for analysis. One had a two-dimensional replica image
analysis system that used optics and the other had
a three-dimensional surface roughness analysis
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system (12, 13) for scanning the roughness of the
replica surface with a confocal laser.

The parameter Rz (mm) is the 10-point heightÐ
that is, the average of the height of the five highest
peaks plus the depth of the five deepest valleys
over the evaluation length.
The parameter Sm (mm) is the mean value of the
profile element width within a sampling length.
The analysis conditions were as follows: the
evaluation length was 2.3 mm and the cutoff
wavelength was 1.6 mm. Five arbitrary lines in
the analysis area were selected. Then, the average
of the five lines was used for the analysis. As
shown in Fig. 1, roughness parameters were analysed in four directions of 08/1808, 458/2258, 908/
2708 and 1358/3158. In each subject, the direction
of 08/1808 was along the body axis at the cheek
and along the forearm axis at the forearm.

Two-dimensional replica image analysis

Skin surface replicas were analysed with an
image analyser (9). The replicas were illuminated
from three directions, with 120 degrees between
each pair of directions. The images 4  4 mm of
replicas were degraded to pixels, and then the
binary image of the skin relief was obtained.
Though there are various parameters, we used
VC1 in this report. The parameter VC1 is defined
as the variation coefficient for the number of black
dots in each 13  13 mesh composing the binary
image, which shows the anisotropy of the skin
furrows.
Three-dimensional surface roughness analysis

Statistics

A conformal scanning microscope HD100D
(Lasertec Co, Yokohama, Japan) was used in
order to obtain three-dimensional profiles of the
skin. The data were memorized and calculated in
order to yield the roughness parametersÐRa, Rz
and Sm (International ISO Standard, 4287: 1997).
The parameter Ra (mm) is the arithmetic mean
roughness value; it represents the arithmetic average value of the filtered roughness profile determined from deviations about the center line
within the evaluation length.
Ra  1=L

y x dx

Statview 5.0 (SAS Institute, USA) was used for
statistical analysis.

Results
Changes in the physiological parameters on water
content

Figure 2 shows the chronological change in moisture content in the stratum corneum of the forearms by using SKICON100 and Corneometer
CM825. Figure 3 shows the chronological change
in moisture content in the stratum corneum of the
cheeks by using SKICON100 and Corneometer
CM825.

1

where L  the evaluation length and y(x)  the
filtered roughness profile.
Cheek
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Fig. 1. Direction of analysis of replica
roughness parameters (Ra, Rz, Sm) were
statistically analysed in four directions.
For example, the parameters analyzed at
08 were defined as Ra0, Rz and Sm0.
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Changes in the physiological parameters on TEWL

Figure 4 shows the change of transepidermal
water loss of both the forearm and the cheek measured by using Tewameter TM210. The values
obtained on the forearms showed a decrease at
3 h and the value from the cheeks showed a
much lower level at 6 h. The P-values on the time
points 3 h and 6 h compared with 0 h for the forearms were both under 0.01. In the cheek, the
TEWL values showed a tendency to decrease
from the time point 0 h to 3 h (P  0.084) and a
significant decrease (P < 0.05) was observed at 6 h.

Changes in the physiological parameters on skin
surface pattern
SKICON100 (µS)

CM825 (a.u.)

Concerning the change in moisture content in
the stratum corneum, the values of SKICON100
significantly decreased at both test sites from
the time points 0 h to 3 h and 6 h with P < 0.01,
whereas no significant difference was observed
in the values of Corneometer CM825. In addition,
the value of SKICON100 in the forearm had a
tendency to decrease from the time point 3 h to
6 h. In the cheek, there was a significant decrease
from the time point 3 h to 6 h (P < 0.05).

Figure 5 shows the VC1 value for both the forearm
and the cheek before and after the change to a low
humidity. Figure 6 shows the changes in the
roughness parametersÐRa, Rz and SmÐof the
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Fig. 2. Change in the moisture content in the stratum corneum on
forearm. The moisture content was obtained by SKICON100 and
CM825 at 0, 3 and 6 h after start of low humidity treatment.
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Fig. 4. Change in transepidermal water loss.
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Fig. 3. Change in the moisture content in the stratum corneum on
cheek. The moisture content was obtained by SKICON100 and
CM825 at 0, 3 and 6 h after start of low humidity treatment.
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Fig. 5. Change in anisotropy of skin furrows (VCI) after 6 h of low
humidity treatment.
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Fig. 6. Changes in skin surface roughness on forearm after 6 h of low humidity treatement. (a) Ra, (b) Rz and (c) Sm.
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Fig. 7. Changes in skin surface roughness on cheek after 6 h of low himidity treatment. (a) Ra, (b) Rz and (c) Sm.

forearm in the four directions and Fig. 7 shows
those of the cheeks.
The VC1 value increased in almost all the subjects at the cheek and showed a significant increase (P < 0.05) from the time point 0 h to 6 h.
Concerning the skin surface roughness, Rz in the
directions of 458/1358 and 908/2708 and Sm in
the directions of 08/1808 showed a significant increase (P < 0.05) in the ventral forearm after 6 h in
a dry condition. Regarding the cheek, Rz in the
directions of 458/1358 showed a tendency to increase (P  0.059).
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Discussion
Changes in the skin condition after exposure to
low humidity have been generally experienced
and are widely known. For example, the skin is
dehydrated in an air-controlled room during
the hot season or during a long flight by an
airplane. Recently developed measurement
devices have enabled us to evaluate such sensuous experiences and present various parameters
with noninvasive examinations. However, there
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have been few reports on a bioengineering
approach to human skin.
Our results suggest that even a short exposure
to a low-humidity environment such as for 3 or 6 h
can induce changes in the moisture content in the
stratum corneum and in the skin surface pattern.
In our experiments by using human subjects, we
obtained significant differences in water content
in the stratum corneum, transepidermal water
loss and skin surface pattern before and after the
exposure to a low humidity.
Regarding the evaluations of water content in
the stratum corneum in such a low humidity, the
changes obtained with SKICON100 and CM825
were different. It is generally known that SKICON
estimates electric conductance of the upper layers
of the stratum corneum and CORNEOMETER
evaluates electrostatic capacitance of the stratum
corneum layers to a lower depth (6, 7). Therefore,
the various results obtained with SKICON and
CORNEOMETER could be caused by the fact
that a 6-h exposure to a low humidity could decrease the water content in the upper part of the
stratum corneum, but perhaps with no influence
on the lower region.
Barel and Clarys (8) reported that the TEWL
value was affected by the temperature of the
probe and external relative humidity. The fall of
the surrounding humidity encouraged release
of water. However, our results showed that the
TEWL value decreased by exposure to a lowhumidity environment. We often experience a
lowering of the effective air temperature when
the humidity is low. In the present experiment,
all panelists complained of cold when exposed to
a low humidity for a long time. Transepidermal
water loss was significantly lowered by an unknown mechanism. It may have been related to
an effect of the lowering of effective air temperature on the circulatory system.

Fig. 8. Direction dependency in change of skin
roughness parameters lines on the circle show
the increasing direction.

Cook and Craft (14) and Linde et al. (15) have
reported interesting findings on the changes of the
skin surface pattern. Cook and Craft compared
the skin surface pattern of the dry skin and that
of the nondry skin on the lower leg by using skin
profilometry. Dry skin showed a significantly
smaller number of peaks. Linde et al. reported
that the skin on the back of atopic patients showed
an increase in Ra and Rmax (the maximum peak to
valley height) and decrease in Rn (the number of
peaks per cm) compared to healthy individuals;
that is, the number of peaks was smaller and the
peak height was greater in atopic patients. In the
present study, the exposure to a low-humidity
condition increased Sm, which is the distance between peaks at the ventral forearm sites; that is,
the number of peaks is decreased. Furthermore,
Rz, which reflects the peak height was increased
both at the ventral forearm and the cheek, and
VC1 was increased in the cheek. These changes
are consistent with those reported by Cook and
Craft and Linde et al. and indicate that exposure to
a low-humidity condition for only a few hours
could induce a skin surface morphology state
similar to that observed in dry skin.
Furthermore, analysis of the roughness parameters in four directions revealed a specific pattern
of the changes in the surface morphology (Fig. 8).
In the forearm, the height of the ridges and the
depth of the furrows were increased along with
the forearm axis (see Sm in the directions of 08/
1808). In a perpendicular and cross direction, the
width of the skin ridges was increased (see Rz in
the directions of 458/2258, 908/2708). Considering
that the Langer's lines (16) are running in the
direction of the elbow to the wrist (slightly sideways from the center line of the ventral forearm to
inside and outside of the forearm) in the ventral
forearm, it can be speculated that the depth of the
furrows and the width of the skin ridges in the

Cheek
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Depth of the furrows
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depth of the furrows
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270⬚
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parallel direction of the Langer's lines would be
increased.
In the cheek, the Langer's lines are running in
the direction of 458/2258 (Fig. 1). Because the direction of the Langer's lines at the site of replica
sampling was slightly sideways according to the
size of face and the site of sampling area of replica,
this could not be determined clearly. Only the
depth of the furrows had a tendency to increase
in the direction of the Langer's lines (see Rz in the
directions of 458/2258). Considering that the formation of fine wrinkles is mostly in the same
direction as the Langer's lines, the changes in the
skin surface pattern caused by exposure to low
humidity in our experiment lead us to consider
that dryness of skin even in such a short period
would be related to the formation of fine wrinkles.
One of the reasons for the greater change of skin
surface pattern (VC1) in the cheek than in the
forearm would be that the startum corneum is
thinner in the cheek than in the forearm.

Conclusion
Changes on human skin during a dry condition
were measured by using noninvasive measurement devices. A short exposure to a low-humidity
environment induced changes in the moisture
contents in the stratum corneum and skin surface
pattern, which lead us to assume that a dry environment in our daily life would make fine wrinkles
related to lack of water in the stratum corneum.

References
1. Andersen IB, Lundqvist GR, Jensen PL, Proctor DF.
Human response to 78-hour exposure to dry air. Arch
Environ Health 1974; 29: 319±324.
2. Reinikainen LM, Jaakkola JK. The effect of air humidification on symptoms and perception of indoor air quality in
office workers: a six-period cross over trial. Arch Environ
Health 1992; 47: 8±15.
3. Tagami H, Ohi M, Yamada M. Evaluation of skin surface
hydration in vivo by electrical measurement. J Invest Dermatol 1980; 75: 500±507.

218

4. Martinsen OG, Grimnes S, Haug E. Measuring depth
depends on frequency in electrical skin impedance measurements. Skin Res Technol 1999; 5: 179±181.
5. Berardesca E. EEMCO guidance for the assessment of
stratum corneum hydration: electrical methods. Skin
Res Technol 1997; 3: 126±132.
6. Fluhr JW, Gloor M, Lazzerini S et al. Comparative study
of five instruments measuring stratum corneum hydration (Corneometer CM820 and CM825, Skicon200, Nova
DPM9003, Derma Lab). Part 1. In vitro. Skin Res Technol
1999; 5: 161±170.
7. Fluhr JW, Gloor M, Lazzerini S et al. Comparative study
of five instruments measuring stratum corneum hydration (Corneometer CM820 and CM825, Skicon200, Nova
DPM9003, DermaLab). Part 2. In vivo. Skin Res Technol
1999; 5: 171±178.
8. Barel AO, Clarys P. Study of the stratum corneum barrier
function by transepidermal water loss measurements:
comparison between two commercial instruments, Evaporimeter and Tewameter. Skin Pharmacol 1995; 8:
186±195.
9. Takahashi M. Image analysis of skin surface contour.
Acta Derm Venerol (Stockh) 1994; 185: 26±28.
10. Kajiwara R, Arai S, Fukuda Y et al. Effects of wind on skin
surface. Proceedings of SCCJ, 1995; 19±23.
11. Bernadette EK, Andreas S, Bernhard P. Change of skin
roughness due to lowering air humidity in a climate
chamber. Acta Derm Venerol (Stockh) 1996; 76: 447±449.
12. Muller U. Roughness (Measured by profilometry, mechanical, optical, and laser). In: Berardesca E et al., ed.
Bioengineering of the Skin: Methods and Instrumentation. Florida: CRC Press, 1995; 41±51.
13. Gassmuller J, Kecskers A, Jahn P et al. Stylus method for
skin surface contour measurement. In: Serup J, Jemec BE,
eds. Handbook of Non-Invasive Methods and the Skin.
Florida: CRC Press, 1995; 83±87.
14. Cook TH, Craft TJ. Topographics of skin, non-dry skin,
and cosmetically treated dry skin as quantified by skin
profilometry. J Soc Cosmet Chem 1985; 36: 143±152.
15. Linde YW, Bengtsson A, Loden M. `Dry' skin in atopic
dermatitis. Acta Derm Venereol (Stockh) 1989; 69:
315±319.
16. Arai M, Abe S, Kitamura S et al. Morphometric study of
skin grooves of the head and neck. Bull Tokyo Dent Coll
1998; 39: 109±118.
Address:
Mariko Egawa
Shiseido Research Center (SHIN-YOKOHAMA)
2-2-1 Hayabuchi
Tsuzuki-ku
Yokohama, 224-8558
Japan
Tel:  81 45 590 6387
Fax:  81 45 590 6078
e-mail: mariko.egawa@to.shiseido.co.jp

