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" Effect of glove occlusion on human skin.
(I). Short-term experimental exposure |
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Skin barrier function was studied after use of occlusive gloves on normal and compromised skin.
2 studies were performed (Study A and B). and the effects were evaluated by non-invasive methods.
Participants in the studies were instructed to wear an occlusive glove on one hand, while the other
hand served as control. The gloves used were hypoallergenic. non-latex. Study A: 20 volunteers
wore a glove on normal skin 6 h/day for 3 days. Study B: 20 volunteers wore a glove on sodium
lauryl sulfate(SLS)-compromised skin 6 h/day for 3 days. Skin barrier function was evaluated by
measurement of transepidermal water loss (TEWL) (Evaporimeter), skin hydration by electrical
capacitance (Corneometer) and mflammation was evaluated by erythema index (DermaSpectro-
meter). Results: Study A. Glove occlusion on normal skin 6 h/day for 3 days caused no significant
influence on the water barrier function. Study B: Glove occlusion on SLS-compromised skin for
the same period of time had a significantly negative effect on the water barrier function. It is
concluded that occlusion may be an additional factor in the pathogenesis ol cumulative irritant

contact dermulilis.}
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The water permeability barrier of the skin 1s regu-
lated primarily by the lamellar arrangement of the
lipid bilayers. Disruption of the barrier normally
results in stimulation of DNA and an increase in
the synthesis of free fatty acids, sphingolipids and
cholesterol. leading to barrier repair (1). Experi-
mental studies in mice have shown a delayved epi-
dermal barrier repair during occlusion (2), and oc-
clusion has also been reported to influence cyto-
kine production in murine skin (3). Experimental
studies of human skin have, however, provided
conflicting results on the effect ol occlusion on
skin barrier function (4. 5).

Glove-related skin irritation was reported in 2
recently published studies based on questionnaires
among dental and hospital personnel. with 29%
and 37%. respectively. complaining of this symp-
tom (6. 7). However. protective gloves provide a
necessary protection against irritants and allergens
as well as microbiological agents. The aim of the
present study was to examine the effect of glove
occlusion on human skin with respect to skin bar-
rier function. Another aim was to follow water
evaporation immediately after glove removal, in
order to validate the correct time for measure-
ments. In wet work, exposure to water and deter-

gents in combination with gloves is common. The
study was performed on normal skin, and, to imi-
tate the daily life situation in wet occupations, also
on sodium lauryl sulfate (SLS)-compromised skin
(8. 9). The study was performed on the hands,
which are the most common site for irritant con-
tact dermatitis (ICD).

Materials and Methods

Two studies (A and B) were performed. 20 healthy
volunteers (all female, median age 44 (range 24-61
years), were included in study A. and 20 healthy
volunteers (17 female., 3 male. median age 43
(range 33-62 years)). were included in study B. The
volunteers were recruited among the nurses at the
hospital. Informed consent was obtained from all
subjects and the studies were approved by the local
ethical committee. Subjects sensitized to ubiqui-
tous allergens, subjects with previous hand eczema,
and subjects with an anamnesis of atopic derma-
titis were not included. The volunteers in the
studies were randomized to wear an occlusive glove
on either left or right hand, while the other hand
served as control. The gloves were hypoallergenic,
non-latex gloves (Elastyren), and they were worn
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at night, both for practical reasons. and 1o ensure
that the control hand was not exposed to soaps.
creams, elc.

Study A. The volunteers wore an occlusive glove
on one hand for a minimum of 6 h/day for 3 days.
Evaluation was performed before the use of glove
(baseline) and in the morning on day 3, J h, 1 h. 2
h. 3 h after removal of the glove.

Study B. The volunteers had both hands im-
mersed in a 0.5% aqueous SLS solution (SLS;
Sigma >99%, purity), temperature 35°C (range
32.4-36.1°C). Immersion took place for 10 min 2
daily for two days. with an interval of at least 4 h
between immersions (8). I clinical reactions ap-
peared, immersions were stopped. When all 4 im-
mersions were completed, the volunteers were in-
structed to wear an occlusive glove on one hand
for a minimum of 6 h/day for 3 days. A minimum
interval of 6 h was assured between the last immer-
sion and donning the glove, Evaluation was per-
formed at baseline (dayv 1), after ending immersion
(day 2), after ending glove exposure (day 5) and at
follow-up (day 7). A period of at least 3 h between
removal of the glove and measurements was as-
sured.

The volunteers were not allowed to use any kind
of moisturizers. but were allowed to wash hands
normally, ensuring that the hands were equally ex-
posed. 3 test sites were chosen for measurements,
placed on the radial. central and ulnar part of the
dorsum of the hands. avoiding the veins. Evalu-
ation was performed with the following noninva-
sive methods:

Transepidermal water loss (| TEWL) was meas-
ured by an Evaporimeter EP1 (Servo Med, Stock-
holm. Sweden). according to the Guidelines of the

Standardization Group of the European Society of

Contact Dermatitis (10). Details of the operating
principle of the Evaporimeter are described else-
where (11).

Eleetrical capacitance was measured by a Corne-

ometer CM 820", as a measure of the hydration of

stratum corneum (12, 13).

Erythema index was measured using a DermaS-
pectrometer  (Cortex  Technology, Hadsund,
Denmark). This method is based on the amount
of red and green light reflected from the skin (14).
The spectrometer was placed in contact with the
site to be measured, with minimal pressure on the
skin.

Measurements were performed following a

relaxation period of 15-30 min. The relative hu-
midity varied between 24-58%., ambient tempera-
ture was kept at 20-22°C and the skin temperature
measured on the test region was 29.9 (25/75 per-
centiles were 28.5-30.6, respectively). The study
was performed during the winter months of 1993/

1994. Measurements are expressed as the mean
values of the recordings of evaporimetry. electrical
capacitance and erythema index on the 3 test sites
on the back of each hand.

Statistics

The Wilcoxon test for paired samples modified ac-
cording to Pratt was used for comparative studies.
p=20.05 was chosen as level of significance. Results
are given as medians and 25/75 percentiles.

Results

Study A

TEWL (Fig 1)

TEWL was significantly increased on the occluded
hand compared to the control hand. when meas-
ured 30 min after removal of the glove (p<<0.001).
No significant difference was observed betwazen the
hands at baseline or 1 h, 2 h and 3 h alter removal
of the glove. A positive bul not significant differ-
ence in favour of control hand was observed at
baseline, therefore TEWL values were analysed in
the form of differences from baseline. This gave
the same result as above with significant difference
between the hands 30 min after removal ol the
glove and no significant difference between the
hands 1 h, 2 h and 3 h after removal of the glove.

Electrical capacitance (Table 1)

Electrical capacitance did not change significantly
during the study. and no significant differences
were observed between the hands.
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Fig. 1. Study A. Median values and 25/75 percentiles of trans-
epidermal water loss (TEWL) al baseline and on day 3 2 h. 1
b 2 hoand 3 hoalter removal of the glove. TEWL was signifi-
cantly increased 5 h after removal of the glove: * p<(1.001. No
significant dilTerence between the hands was observed at base-
line. after I h. 2 hoand 3 h.
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Fig 2. Study B. Median values and 25/75 percentiles of transepi-
dermal water loss (TEWL) at baseline, after 4 immersions (day
2). after glove occlusion on one hand (day 51 and at Tollow-up
(day 7). TEWL increased significantly on the occluded hand
compared to the control hand alter use of the glove (dav 5); *
p=0.01. No significant difference between the hands was ob-
served at baseline and on days 2 and 7.
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Ervthema index

Erythema index was significantly lower on the oc-
cluded hand compared to control hand 1h after
removal of the glove (p<<0.01), No significant dif-
ference was observed between the hands at base-
line. or alter l 2 and 3 h (data not shown).

Clinical observations

Just after occlusion. 70% had a spongy and white
appearance on the occluded hand. which disap-
peared within the Ist hour after removal of the
glove.

Studv B
TEWL (Fig. 2)

A significant increase was observed in TEWL on
both hands after SLS-immersion (p<<0.001). After
the use of an occlusive glove (day 5). TEWL was
signiticantly higher compared to the control hand
(p=<0.01). An increase was observed in TEWL on
the occluded hand from day 2 to day 5. while a
decrease was observed on the control hand from
day 2 to day 5, although these changes in TEWL
from day 2 to day 5 did not reach statistical sig-
nificance. TEWL values were without significant
differences between the hands at baseline (day 1),
after immersion (day 2). and at follow-up (day 7).
A positive but not significant difference in favour
of glove hand was observed at baseline. therefore

Tuble . Swudy A: electrical capacitance (arbitrary unils). Me-
dian vatlues and 25/75 pereentiles

Oceluded hand Control hand

baseline 62.0 (34.5-69.3) 63.3 (59.3-70.5) ns
day 3L h 56.0 (53.3-63.8) S8.0(50.0-658)  ns
day31h 57,5 (51.5-69.0) 60.0 (49.3-66.3) s
day 32 h 60.0 (52.5-65.5) 8.5 (52.3-64.8) ns
day 33 h 61.5 (55.5 69.0) 8.5 (54.5-65.0) ns

Tuble 2. Study B: electrical capacitance (arbitrary units). Me-
dian values and 25/73 percentiles

Occluded hand Control hand

baseline 66.2(58.3 735.3) 66.5 (35.3-73.5) ns
day 2 44.5 (35.0-32.5) 44.0 (37.8-50.0) ns
day 3 55.5(51.3-68.5) 540 (43.561.8)  p<0.002
day 7 55.5 (47.0-63.8) 530 (43.5.655) ns

TEWL values were analysed in the form of differ-
ences from baseline. This gave the same result as
above, with significant difference between the
hands at day 5 and no significant difference at day
2 and day 7.

Electrical capacitance (Table 2)

A significant decrease was observed in electrical
capacitance on both hands after immersion
(p==0.001). A significant difference was observed
between the hands after the use of an occlusive
glove (day 5). with higher values on the occluded
hand compared to the control hand (p<<0.002).
Electrical capacitance was without significant dif-
ference between the hands at baseline (day 1). after
immersion (day 2) and at follow-up.

Erythema index

Erythema index was not significantly influenced
after immersion, nor by occlusion. No significant
difference was found between the hands during the
study (data not shown).

Clinical observations

All volunteers were able to complete the 4 immer-
sions without developing clinical symptoms. Slight
dryness was observed after immersion ended. Fol-
lowing occlusion. 4 volunteers developed dryness
with scaling and slight erythema, and 1 volunteer
developed erythema with small papules on the oc-
cluded hand.

Discussion

The study illustrates that glove occlusion on SLS-
compromised skin 6 h/day for 3 days further com-
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promises skin barrier function and delays barrier
regeneration. Barrier function of normal skin was,
however, not significantly affected by occlusion for
the same period of time.

In study A. the time course of TEWL after re-
moval of the glove was studied. TEWL was sig-
nificantly increased 30 min after glove removal.
This reflects temporar water evaporation following
occlusion, and is in agreement with an earlier
study on the effect of patch test occlusion, which
also found increased TEWL values 30 min after
removal of an empty patch test chamber (15). No
significant difference between the hands was found
after Th. However, TEWL values were still declin-
ing from 1-2 h after glove removal, and values
were not stabilised until 2-3 h after occlusion end-
ed; indicating that TEWL values at this point re-
flect the water barrier function of the skin.

Although a relaxation period of at least 15 min
was assured. a decrease was observed on both
hands from | h to 2 h. The measuring situation
might have influenced the volunteers. who may
have become more at ease after 2 h. The paired
observations used in the study assure that interin-
dividual changes are accounted for. No difference
in TEWL was found between the glove hand and
the control hand after 3 h, indicating that oc-
clusion 6 h/day for 3 days does not significantly
influence the barrier function of normal skin,

The decreased erythema index value found 1 h
after removal of the occlusive glove in study A,
corresponds well to the clinical observation of a
spongy appearance of the occluded hand. This

could possibly reflect increased water binding of

stratum corneum.

Occlusion 6 hiday for 3 days had a significantly
negative effect on the barrier function of primarily
irritated skin, when measured by TEWL in study
B. The further deterioration of the barrier function
could be related to occlusion itself, to an intensi-
fied effect of SLS under occlusion. or to a combi-
nation of these 2 factors. That the effect can be
related to occlusion is supported by experimental
studies. Proksch et al. (2) illustrated how disturb-
ances in the barrier function in mice lead to an
increase in the synthesis of DNA and lipids (bar-
rier repair mechanism). This barrier repair was
prevented by latex occlusion, representing an arti-
ficial barrier repair. The delayed barrier repair
under occlusion in humans has only been investi-
gated i a few studies. Wenzel et al. (5) found no
delay in barrier repair under occlusion, neither in
tape-stripped nor in SLS-irritated human skin. On
the contrary. it was indicated in a recent study by
Graves et al. (4) that occlusion for 2 days increased
TEWL. TEWL values remained elevated the day
after removal of an occlusive glove, indicating a

possible hazardous effect of the gloves. This find-
ing was not confirmed in our present study. Differ-
ences 1 set-up and time of measurements could
account for the discrepancy in results. The cellular
mechanism in the human skin barrier afler
occlusion is barely known. Kligman (16) found
ultrastructural injury to keratinocytes, fibroblasts,
Langerhans cells and endothelium after a few days
ol occlusion without any chinical changes. Repair
of trauma to compromised and apparently normal
skin may be disrupted or delayed by occlusion.
Further studies are needed with respect to the skin
barrier function after occlusion, including ultra-
structural investigations.

An intensified effect of SLS under occlusion
could be another explanation for the increased
TEWL after occlusion found in study B. Although
a period of 6 h was assured between the last im-
mersion and donning the glove. some SLS might
still be present in the skin. A recently published in
vitro study on human cadaver skin demonstrated
that penetration of SLS continued after removal of
a 24 h SLS patch test, and that SLS was still pres-
ent in the epidermis after 48 h (17). Occlusion after
SLS exposure was previously found to increase the
irritant effect of SLS (18), and this could explain
the further deterioration of the skin barrier func-
tion following occlusion. These observations could
be of relevance for the situation in wet occu-
pations. A study by our group found no penetra-
tion of *S-SLS through 6 different gloves (19).
However, exposure to soap-containing detergents
before gloves are used may still be present on the
skin, and thus intensify skin irritation.

Electrical capacitance increased significantly
after the use of an occlusive glove on compromised
skin compared to the control hand (study B). The
increased electrical capacitance reflects an in-
creased state of hydration of the stratum corneum
on the occluded hand (20).

The immersion model of compromised skin (8),
used in the present study. was found to be a useful
model to compromise subclinically the skin barrier
function on the hands. Risk ofl sensitization and
reactions to the glove material were minimized by
the use of a hypoallergenic non-latex glove.
Wrangsjo at al. (7) reported that 47% of operating
personnel used gloves for more than 4 h daily, and
also among dental personnel usage of gloves for
several hours was common (82.8%) (6). In our
study a daily exposure of 6 h was chosen.

In conclusion, glove occlusion for 3 days further
aggravated the barrier function of compromised
skin, whereas no effect was found on normal skin.
Occlusion itself may have a negative effect on the
skin barrier. which may only be revealed on al-
ready compromised skin. or possibly by occlusion
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a longer period of time. It is illustrated that

exposure to detergents prior to the use of occlusive
gloves may aggravate their irritant effects, and
working procedures should be considered with re-
spect to this observation. The results indicate that
occlusion may be an additional factor in the
pathogenesis of cumulative 1CD. Further studies
with long-term occlusion should be made.
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