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Background/purpose: Influence of the repetitive applica-

tion of pressure-sensitive adhesive tapes on skin was

evaluated.

Methods: Two kinds of tapes with different adhesive

strengths were repetitively applied to the inside of the

forearm of six volunteers in winter and summer, in order to

examine the dermal peeling force, the amount of stripped

corneocytes, transepidermal water loss (TEWL), hydration

and deepened skin furrows (changes in skin surface topo-

graphy) in the epidermal stratum corneum.

Results and conclusion: As adhesive tapes were applied

repetitively, dermal peeling force gradually increased while

the amount of stripped corneocytes decreased. As the

cumulative amount of stripped corneocytes increased with

repetitive applications, the skin irritation worsened as mea-

sured by increased destruction of the skin surface topogra-

phy and TEWL. These phenomena were more marked with

the stronger adhesive tape, and there was seasonal varia-

bility.
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MEDICAL PRESSURE-SENSITIVE adhesive tapes are
applied to human skin in one of two ways,

depending on their indication for use. Either they
are replaced and applied on the same site every
day, as is the case with traditional sticking plas-
ters and surgical tapes, or they are pressed on to
and remain on the skin for a few days when used
at the site of the transdermal delivery of drugs.
Several investigations have been conducted into
the effects on the skin when they remain in situ
over several days, during their application in
transdermal drug delivery (1, 2). However, there
have been no reports that have studied the
influence on the skin of the repetitive applica-
tions of general medical adhesive tapes, even
though this is by far their most frequent use.
Therefore we evaluated the effect on the skin of
the repetitive applications of general medical
adhesive tapes, when used as support in non-
invasive situations. Our study investigated tapes

with different adhesive strengths and was also
designed to evaluate whether there was a seaso-
nal effect.

Subjects and Methods

Adhesive tapes
Two kinds of tapes (A and B) with different
adhesive strengths were prepared by applying
two medical acrylic adhesives onto polyethylene
film. Their composition and adhesive properties
are shown in Table 1.

Subjects
In total, 12 adults (seven males and five females),
with good skin condition, were enrolled into the
study. Only those volunteers who fully under-
stood the design, objectives and risks of the study,
and gave written informed consent, participated
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in the study (N5 7, four males and three fe-
males). As shown in Table 2, five of the seven
participated in the study in winter and summer.

Test methods
Tests were performed in winter (February) and
summer (August). The two kinds of adhesive
tape, each measuring 15� 100mm, were applied
to the inside of the forearm of six volunteers. This
application, which lasted for four hours, was
repeated every four days in winter and every
eight days in summer. Dermal peeling force,
transepidermal water loss (TEWL), and hydra-
tion and deepened skin furrows (changes in skin
surface topography) in the epidermal stratum
corneum were examined every day in winter
and on the first, fourth and eighth days in
summer. TEWL and hydration in the epidermal
stratum corneum were also evaluated before the
first application. On subsequent days, the amount
of stripped corneocytes removed by the adhesive
tapes was measured.
Dermal peeling force was measured with a

tension gauge (EZ-test, Shimazu, Japan) at a
stripping angle of 901 and a stripping speed of
100mm/min. To measure the amount of stripped
corneocytes, those removed on the stripped ad-
hesive tape were stained with a cationic dye
(gentian violet, 1.0%; brilliant green, 0.5% and
distilled water, 98.5%), and the ratio of stripped
corneocytes to the total applied area was mea-
sured with a microscope (� 40) attached to an
image analyzer (IMAGE ANALYZER V10,
Toyobo, Japan) to enable the average ratio of six
views to be calculated (3). At the applied site,
TEWL and hydration of the epidermal stratum

corneum were measured with TEWAMETER
TM210 (Courage1Khazaka, Cologne, Germany)
and Corneometer CM820 (Courage1Khazaka),
respectively. Deepened skin furrows were mea-
sured with the replica method to score1, � , and
� as 2, 1, and 0 point, respectively, and the
average was calculated (4–6).

Statistical analysis
Pearson’s correlation coefficients between the
cumulative amount of stripped corneocytes,
TEWL and hydration of the epidermal stratum
corneum, and Spearman’s correlation coefficient
between the cumulative amount of stripped cor-
neocytes and deepened skin furrows were calcu-
lated. As skin conditions seemed to be different
in winter and summer, the correlation coefficients
were analyzed separately for each season.

Results and Discussion

Influence of repetitive applications on skin
The results of the difference between the adhe-
sive tapes in their effect on the dermal peeling
force, the amount of stripped corneocytes, the
cumulative amount of stripped corneocytes,
TEWL, hydration and deepened skin furrows
(changes in skin surface topography) are illu-
strated in Figs 1–6, respectively.

Dermal peeling force
The dermal peeling force of both Tape A and Tape
B gradually increased as the number of application
days increased (Fig. 1). This may be attributable to
the fact that, as the superficial corneocytes were
stripped they were replaced at the skin surface by
corneocytes with strong intercellular binding,
which were originally located in the deep layer.
Irrespective of the season, Tape B was stronger in
dermal peeling force than Tape A. Nevertheless,
dermal peeling force was weaker and the differ-
ence between the tapes was smaller in summer
than in winter. Sweating might have influenced
this. However, at all times the difference between

TABLE 1. Composition and adhesive properties of Tape A and Tape B

Backing Adhesives Thickness (mm)

Adhesion to bakelite

(N/15mm)

Water vapor permeability

(g/m2 h)

Tape A Polyethylene film Acrylic pressure-sensitive adhesive 156 3.29 0

Tape B Same as above Same as above 150 5.82 0

Each value represents the mean of three samples.

TABLE 2. Background of the subjects

No. 1 2 3 4 5 6 7

Mean

age

Gender Male Male Male Male Female Female Female

Age (years) 37 39 49 59 31 31 22

Winter � � � � � � 34.8

Summer � � � � � � 39.5
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Fig. 1. Changes in dermal peeling force by repetitive applications of

tapes with different adhesive strengths.
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Fig. 2. Changes in the amount of stripped corneocytes by repetitive

applications of tapes with different adhesive strengths.
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Fig. 3. Cumulative amounts of stripped corneocytes by repetitive

applications of tapes with different adhesive strengths.
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Fig. 4. Changes in TEWL by repetitive applications of tapes with

different adhesive strengths.
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Fig. 5. Changes in hydration of the epidermal stratum corneum by

repetitive applications of tapes with different adhesive strengths.
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Fig. 6. Changes in deepened skin furrows by repetitive applications of

tapes with different adhesive strengths.
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the tapes was smaller than differences between
their adhesion to bakelite, where Tape B was about
double that of Tape A (see Table 1).

Amount of stripped corneocytes
The area ratios of stripped corneocytes to the total
applied area for Tape A and Tape B both de-
creased inversely to the number of application
days (Fig. 2). This is the opposite tendency com-
pared with the relationship between the dermal
peeling force and days of applications, and it may
also be ascribed to the fact that corneocytes with
strong intercellular binding, originally located in
the deep layer, were gradually appearing on the
skin surface. The ratio was higher for Tape B,
which had the stronger dermal peeling force than
for Tape A, irrespective of seasons. However,
overall the ratio was higher in summer than in
winter, but the difference between the tapes was
smaller. The reason why the area ratio of stripped
corneocytes was higher despite the weaker dermal
peeling force in summer than in winter, may be
that corneocytes are more hydrated in summer
(Fig. 5) and therefore more easily stripped (7).

TEWL
TEWL increased, as the length of application of
both Tape A and Tape B increased (Fig. 4).
Irrespective of the season, it was higher for
Tape B than for Tape A. Judging from the differ-
ence between the tapes in cumulative area ratios
of stripped corneocytes and the linear increase of
the ratio (Fig. 3), one could speculate that these
TEWL results were related to the destruction of
the barrier function of the epidermal stratum
corneum. However, although the area ratio of
stripped corneocytes was higher in summer than
in winter, the increase in TEWL was smaller. The
reason for this apparent anomaly is unclear, but
the epidermal stratum corneummay be thicker in
summer than in winter.

Hydration of the stratum corneum
In winter, hydration of the epidermal stratum
corneum increased as the length of application
of Tape A and Tape B increased (Fig. 5) and was
higher in Tape B than in Tape A. This may be
because repetitive applications stripped the super-
ficial corneocytes and those originally located in
the deep layer gradually appeared on the skin
surface. This tendency was not seen in the sum-
mer, possibly due to the masking effect of in-
creased sweating associated with that time of year.

Relationship with the cumulative amount of
stripped cornecytes
To investigate the influence on the skin of repe-
titive applications of adhesive tape, the relation-
ship between the cumulative amount of stripped
corneocytes, TEWL, hydration of the epidermal
stratum corneum, and deepened skin furrows
were analyzed. The results are shown in Figs 7–
9. As skin conditions seemed to be different in
winter and summer, the relationship was ana-
lyzed separately for each season.
The area ratio of stripped corneocytes was

highly correlated with TEWL (the correlation co-
efficient in winter; 0.985, that in summer; 0.834,
Fig. 7) and deepened skin furrows (the correla-
tion coefficient in winter; 0.910, that in summer;
0.410, Fig. 9). These two measurements, TEWL
and deepened skin furrows, directly reflected
the degree of skin irritation experienced. As the
cumulative amount of stripped corneocytes
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Fig. 7. Relationship between the cumulative amount of stripped

corneocytes and TEWL.
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increased, topography of the epidermal stratum
corneum was destroyed and the average score of
deepened skin furrows increased. In addition,
TEWL increased due to the destruction of the
barrier function and skin irritation seemed to
appear. As well-hydrated corneocytes appeared
from the deep layer in response to stripping of
the original superficial layer, it was thought that
the hydration of the epidermal stratum corneum
would increase. In winter, this tendency could be
distinguished, but not in summer (Fig. 8). This
may be attributable to the effect of increased
sweating in the summer months. These phenom-
ena are similar to those found in the tape strip-
ping tests that studied the function and
transdermal absorbance of drugs (8–10), which
presented evidence to show that applications for
4 h once a day greatly damaged skin. Taken
together, our results suggest that the amount of
stripped corneocytes was closely related to the
degree of skin irritation, and it is clear that
repetitive applications intensified such influence.

Conclusion

(1) Repetitive applications of adhesive tape gra-
dually increased the dermal peeling force and
decreased the amount of stripped corneo-
cytes.

(2) As the cumulative amount of stripped corneo-
cytes increased with repetitive applications,
skin surface topography was destroyed and
TEWL increased.

(3) Adhesive tapes with strong adhesion caused
more noticeable skin irritation (TEWL and
deepened skin furrows).

(4) Since skin conditions were different in winter
and summer due to sweating, dermal peeling
force and TEWL were higher in winter while
the amount of stripped corneocytes, hydra-
tion, and deepened skin furrows were higher
in summer.

(5) In winter, as the difference in dermal peeling
force between the tapes was larger than in sum-
mer, the differences in the amount of stripped
corneocytes and TEWL were also larger.

References

1. Hurkmans JFGM, Bodde HE, Van Driel LMJ, Van
Doorne H, Junginger HE. Skin irritation caused by
transdermal drug delivery systems during long-term
(5 days) application. Br J Dermatol 1985; 112: 461–467.

2. Huie SA, Schmit PF, Warren JS. Testing adhesive and
liner for transdermal drug delivery. Adhesive Age 1985;
28: 30–35.

3. Nakano Y, Saito K. Quantitative method for evaluating
skin irritation caused by medical adhesives. Nitto Tech
Rep 1990; 28: 50–57 (in Japanese).

4. Jaspers S, Hopermann H, Sauermann G, Hoppe U,
Lunderstadt R, Ennen J. Rapid in vivo measurement of
the topography of human skin by active image triangu-
lation using a digital micromirror device. Skin Res
Technology 1999; 5: 195–207.

5. Kawai K, Nakagawa M, Kawai J, Kawai K. Evaluation of
skin irritancy of sodium lauryl sulfate: a comparative
study between the replica method and visualevaluation.
Contact Dermatitis 1992; 7: 174–181.

6. Kawai K, Nakagawa M, Kawai J, Kawai K. Kawai’s
method/nitrocellulose replica method. Bioengineering
of the skin: skin surface imaging and analysis. Boca
Raton: CRC Press, Inc, 1997.

7. Black D, Pozo AD, Lagarde JM, Gall Y. Seasonal varia-
bility in biophysical properties of stratum corneum from
different anatomocal sites. Skin Res Technol 2000; 6:
70–76.

8. Tsai JC, Weiner ND, Flynn GL, Ferry J. Properties of
adhesive tapes used for stratum corneum stripping. Int
J Pharm 1991; 72: 227–231.

9. Molen RG, Spies F, Noordende JM, Boelsma E, Mom-
maas AM, Koerten HK. Tape stripping of human stra-
tum corneum yields cell layers that originate from
various depths because of furrows in the skin. Arch
Dermatol Res 1997; 289: 514–518.

10. Bashir SJ, Chew AL, Anigbogu A, Dreher F, Maibach HI.
Physical and physiological effects of stratum corneum
tape stripping. Skin Res Technol 2001; 7: 40–48.

Address:
Jun Kawai
Japanese Society for Cutaneous Health
60 Minaminishino-cho
Nishinanajyo
Simogyo-ku
Kyoto 600-8877
Japan

Tel: 075-312-5575
Fax: 075-314-7735

1.0

1.2

1.4

1.6

1.8

2.0

0 100 200 300 400 500 600
Area ratios of cumulative stripped corneocytes ( %)  

A
ve

ra
ge

 s
co

re
s 

of
 

de
ep

en
ed

 s
ki

n 
fu

rr
ow

s

TapeA (Winter)
TapeB (Winter)
TapeA (Summer)
TapeB (Summer)

Correlation coefficients : winter ; 0.910, summer ; 0.410

Fig. 9. Relationship between the cumulative amount of stripped

corneocytes and deepened skin furrows.

106

Tokumura et al.


