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Abstract

Background: There is a scarcity of data on the effects of duration of bathing and cuta-

neous properties.

Aims: This study aimed to investigate the changes of capacitance and transepidermal

water loss (TEWL) after soaking in water for the different durations.

Method: This experimental biophysical study included healthy volunteers whose fore-

armswere randomized to receive 3, 5, 10, 15, or 20min of soaking of the volar aspect of

the forearm. Skin hydration and integrity were assessed capacitance and TEWL mea-

surement before and after soaking.

Results: Sixty-five subjects (130 forearms) were enrolled with an average age of 33 ±

10.8 years. The change in capacitance after soaking for durations of 3, 5, 10, 15, and 20

minwas 41.54± 14.57, 47.13± 11.80, 40.25± 14.95, 40.48± 14.19, and 39.97± 9.47

AU, respectively. The highest capacitance was observed after soaking for 5 min; how-

ever, there was no significant correlation between bathing duration and capacitance

(p = 0.256). The capacitance measured immediately after soaking was at the upper-

most level, but it rapidly decreasedwithin 5min. The change in TEWL after soaking for

durations of 3, 5, 10, 15, and20minwas30.27±9.74, 30.57±7.45, 33.78±9.25, 33.44

± 7.24, and 35.13± 9.37 g/m2/h, respectively. Therewas also no significant correlation

betweenduration of soaking andTEWL (p=0.191); however, TEWL tended to increase

with longer soaking duration.

Limitations: This study had a small sample size and measured only capacitance and

TEWL. Future studies with more subjects, and that measure other physiologic param-

eters may further improve our understanding of the effect of bathing on skin.

Conclusions: There was no significant correlation between bathing duration and cuta-

neous properties including capacitance and TEWL. However, a 5-min soaking provided

the highest skin hydration for healthy skin.
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1 INTRODUCTION

The skin is a physical permeability barrier that acts to diminish

transepidermalwater loss (TEWL) and to prevent penetration of chem-

ical agents and microorganisms. Adequate skin hydration is critical to

themaintenance of healthy skin.1 Healthy skin can remain smooth and

soft by binding water. The ability of the skin to hold water is primar-

ily related to the stratum corneum (SC), which is composed of corneo-

cytes, their natural moisturizing factor (NMF), and intercellular lipids.2

SC intercellular lipids are arranged in an order that forms a barrier to

TEWL. Normally, the SC has about 20%water content, of which a frac-

tion is tightly bound to NMF and the lipids found in the skin.2 The abil-

ity of water to diffuse across the SC depends on thewater content, and

the diffusion pathway forwater in the SC ismostly transcellular.3,4 Skin

hydration and TEWL have been widely used to evaluate skin barrier

function.5,6 Skin hydration reflects the water content of the SC, while

TEWL reflects the diffusion of water through the SC. Elevated TEWL

values in a disturbed skin barrier are frequently correlatedwith low SC

hydration.

Bathing is the process by which dirt and bacteria are removed from

the skin by direct mechanical action. Bathing is also associated with

improvement in skin texture and a calming effect. Current skin care

practices differ according to tradition, experience, and cultural factors.

There is a current scarcity of evidence-based data specific to the opti-

mal duration of bathing to maximize skin hydration and enhance skin

integrity. Inappropriate bathing may have a negative impact on both

healthy skin and skin with barrier defects, such as atopic dermatitis

(AD). Inappropriate bathing can cause excessive removal of intercel-

lular lipids and NMF from the SC, which results in disturbance of the

skin barrier. The current guideline-based recommendations regarding

the optimal duration of bathing for both healthy people and those with

dermatoses are based on low-quality evidence, and the recommenda-

tions are inconsistent. However, many guidelines mention an optimal

bathing duration of 5–10 min. For example, the European Roundtable

Meeting on Best Practice Healthy Infant Skin Care recommends 5–

10 min of bathing for healthy newborn infants.7 Among AD patients,

European guideline recommends only 5 min of bathing to avoid epi-

dermal dehydration.8 A consensus guideline in Korea specifies a rec-

ommended duration of bathing of 5–10 min.9 The American Academy

of Dermatology recommends that bathing should be limited to short

periods of time (e.g., 5–10 min), but no standard for either the fre-

quency of bathing or the duration of bathing has been established.10

Japanese guidelines forADdonotmention any recommendedduration

of bathing.11

Accordingly, the objective of this studywas to investigate the impact

of bathing on skin hydration to guide future recommendations regard-

ing the optimal duration of bathing.

2 MATERIALS AND METHODS

2.1 Design and instrumentation

Anexperimental, noninvasive, in vivo, biophysical approachwasused in

this study. The volar aspect of the forearmwas chosen as the study site

because it is themost commonly used site for dermatological investiga-

tions, and it is easily assessable. Recruitment was conducted through

bulletin announcement, and the recruitment goal was 65 volunteers

and 130 forearms. Both forearms of each volunteer were randomly

selected and were soaked in tap water for duration of 3, 5, 10, 15, and

20min. Tap water was used for soaking immediately after being drawn

from a tap. When soaking was completed, water was removed by dab

drying with a towel. Capacitance and TEWL were measured in tripli-

catebefore soaking, immediately after soaking, 3minafter soaking, and

5 min after soaking. The same investigator performed all instrument

evaluations, and the average of three measurements for each subject

was used for analysis.

To evaluate the skin hydration, capacitance was assessed using a

Corneometer (model CM825; Courage + Khazaka, Köln, Germany).12

Skin barrier functionwas assessedbymeasuringTEWLwith aTewame-

ter (model TM300; Courage+Khazaka).13 Both instruments were cal-

ibrated according to themanufacturer’s instructions.

2.2 Subjects

Sixty-five healthy volunteer subjects aged 18–60 years were enrolled.

The exclusion criteria were: 1. fever on the study date; 2. a preexisting

TABLE 1 Baseline characteristics and skin physiological function data for all participant groups (65 healthy volunteers and 130 forearms)

3min 5min 10min 15min 20min Total p value

Participants, n 26 26 26 26 26 130

Gender Male 9 11 11 10 13 54 0.845

Female 17 15 15 16 13 76

Age (years) 31.83± 12.57 35.95± 9.07 31.27± 11.24 33.28± 10.56 32.95± 10.80 0.575

Capacitance (AU) 37.57± 8.45 37.88± 8.39 38.57± 7.38 34.33± 4.72 37.47± 7.67 0.263

TEWL (g/m2/h) 13.78± 5.16 13.37± 6.02 13.70± 4.90 12.97± 4.23 16.02± 9.33 0.430

Data presented as number or mean± standard deviation.

A p-value< 0.05 indicates statistical significance.

Abbreviation: TEWL, transepidermal water loss.



100 NITIYAROM ET AL.

F IGURE 1 Changes in skin hydration status
following soaking for various durations. The
result is shown as themean± standard
deviation of capacitance between baseline and
immediately after soaking, and compared
among soaking durations. Fiveminutes of
soaking showed the highest increase in
capacitance, but there was no significant
difference among soaking durations (p= 0.256).
(*p< 0.001)

skin condition; 3. preexisting dermatological and/or medical condi-

tion(s) resulting in xerosis and/or affecting the dermal vasculature; 4.

preexisting conditions that are sensitive towater; 5. current treatment

with any vasoactive medication; 6. shaving at the study site within

7 days before the test; 7. application of topical corticosteroids, cal-

cineurin inhibitors, or moisturizer at the study site within 12 h before

the test; and/or, 8. excessive exercise, smoking, or drinking of caffeine

within 3 h before the test. All measurements were performed in an

environmentally controlled room with the temperature and humidity

set according to international guidelines for the in vivo assessment of

skin properties in non-clinical settings.6 Before commencing the study,

participants rested for at least 20min to acclimatize to the study room

environment.

The study protocol was approved by the Siriraj Institutional Review

Board of the Faculty of Medicine Siriraj Hospital, Mahidol University,

Bangkok, Thailand (approval number: Si683/2016), and all participants

provided written informed consent to participate.

2.3 Outcome measurement and statistical
analysis

The main outcome measures were the differences in the capaci-

tance and TEWL before and after soaking for different duration. The

secondary outcome was to evaluate changes over time in capaci-

tance after soaking. All data were quantitatively documented and

tested for normal distribution. Data are expressed as number or

mean ± standard deviation (SD). A comparison of the baseline data

for each group was performed using one-way analysis of variance

(ANOVA). Differences between before and after soakings were deter-

mined using paired t-test. Changes over time were investigated

using repeated measures ANOVA. A p-value of <0.05 was con-

sidered statistically significant. All statistical evaluations were per-

formed using SPSS Statistics software (version 18; SPSS, Inc., Chicago,

IL, USA).

3 RESULTS

3.1 Baseline data

Sixty-five healthy volunteers aged 18–60 years (mean ± SD age: 33.0

± 10.8 years) participated. Thirty-eight (58.46%) participants were

women, and 27 (41.54%) were men. Baseline skin physiological func-

tion (capacitance and TEWL) measurements were not significantly dif-

ferent among the 3-, 5-, 10-, 15-, and 20-min soaking groups (p= 0.263

and p = 0.430, respectively; Table 1). All volunteers were of Thai eth-

nicity and had Fitzpatrick skin type III–IV.

3.2 Differences before and after soaking after
different soaking durations

The difference in capacitance compared between before and after

soaking for durations of 3, 5, 10, 15, and 20 min was 41.54 ± 14.57,

47.13 ± 11.80, 40.25 ± 14.95, 40.48 ± 14.19, and 39.97 ± 9.47 AU,
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F IGURE 2 Differences in transepidermal
water loss (TEWL) after soaking for different
durations. Themean difference in TEWL
between baseline and immediately after soaking
was assessed, and compared among soaking
durations. Although no significant difference
was observed among soaking durations
(p= 0.191), our results suggest a trend toward a
higher TEWLwith increased duration of bathing.
(*p< 0.001)

respectively. No significant changes were observed in skin hydration

(p = 0.256); however, 5 min of soaking showed the highest increase in

capacitance (Figure 1).

The increment of TEWL compared between before and after soak-

ing for duration of 3, 5, 10, 15, and 20 min was 30.27 ± 9.74, 30.57 ±

7.45, 33.78±9.25, 33.44±7.24, and 35.13±9.37 g/m2/h, respectively

(p= 0.191). A nonsignificant increase in TEWLwas observed following

longer durations of soaking (Figure 2).

3.3 Changes in capacitance at different time
points after soaking for different durations

Skin hydration significantly increased after soaking in all study groups

(p < 0.001) and then abruptly diminished within 5 min in all groups

(p< 0.001) (Figure 3).

4 DISCUSSION

The main purpose of this study was to investigate the quantitative evi-

dence relating to the effect of tap water on the cutaneous biophysi-

cal function of submerged skin in healthy volunteers. Furthermore, we

assessed the dynamic changes in skin surface hydration within 5 min

after soaking. These data may be beneficial in determining the appro-

priate lengthof bathing toprovide thehighest skinmoisture and topre-

vent skin damage resulting from suboptimal bathing.

This study indicated that soaking in all groups significantly increased

cutaneous hydration from baseline. Although there was no signifi-

cant difference in the mean hydration status of each soaking duration

group, a 5-min soaking provided the highest mean capacitance (47.13

or 133.87% of baseline; p= 0.256). The results of this study differ from

those reported from previous studies. Voegeli14 reported that wash-

ing with water did not change skin hydration. Chiang and Eichenfield15

found that bathing for 10 min slightly increased cutaneous hydration.

By comparison, the data from our study may indicate that the skin sur-

face achieved its maximum capacitance when it was soaked for 5min.

Tagami et al12 reported on the hygroscopicity and water-holding

capacity of the skin after the application of water to normal skin for

10 s. That study showed a steep increase in capacitance followed by

a rapid decrease within 30 s, followed by a gradual return to prehy-

dration state within 2 min. A significant change in skin hydration was

observedafter soaking in all groups in this study. Thehighest increment

occurred immediately after soaking, but the hydration level declined

rapidly within 5 min of soaking. A similar result from previous study

by our group16 showed the capacitance was highest immediately after

bathing, and then it decreased over time to the baseline level by 10min

after bathing. The study by Chiang15 also demonstrated the same out-

come that skin hydration after bathing gradually returned to prehydra-

tion levels within 10 min. They also found that capacitance decreased

to a final value of 89% of baseline at the 120-min post-bathing time

point. To preserve cutaneous hydration after bathing, moisturizers

especially in occlusive typearepreferentially applied immediately after

a bath.

The present study found that a duration of soaking longer than 5

minutes did not increase capacitance, but the TEWL value increased.

A study reported by Warner found that prolonged exposure to water

disrupts the SC.17 The possible explanation of increment of TEWL

with longer duration of immersion may result from the evaporation of

remaining water in the SC, or barrier disruption by water.
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F IGURE 3 Changes in capacitance at different time points after soaking for different durations. Skin hydration significantly increased after
soaking in all study groups (p< 0.001), and then abruptly diminishedwithin 5min (p< 0.001). (**p< 0.001)

This study has several limitations. First, this was a pilot study and

thenumberof participants/forearms in eachgroupwas relatively small,

and this may have limited the statistical power of our study to iden-

tify all statistically significant differences. As we wanted to find out

the optimal duration of bathing, we had to divide the subjects into

five groups, which limited the number of participants in each group.

As a result, the data showed no statistical significance. Future studies

with more subjects in each group may demonstrate significant data.

Furthermore, if the studies are done on a pediatric population and

patients with skin barrier dysfunctions, the results will impact on the

recommendations on the optimal bathing duration. The other limita-

tions were the methods for evaluating the cutaneous biophysical func-

tion. We measured only the capacitance and TEWL. If other measure-

ments were made, including skin pH and the moisture accumulation

rate, the additional information would help us to assess the effect of

bathing on skin physiological functions.

5 CONCLUSION

We compared the effects of various durations of soaking on cuta-

neous hydration status and TEWL. We also observed the dynamic

changes in capacitance after soaking. Our results revealed no statisti-

cally significant difference in either capacitance or TEWL among the

five studied soaking duration. However, 5 min of soaking provided

the highest skin hydration, and TEWL value tended to increase corre-

latedwith the duration of soaking. Although soakingwithwater signifi-

cantly increased the skin hydration status, the value rapidly diminished

within 5min. From this result, the authors recommended that 5-min of

bathingmaybe themost appropriate duration to provide themaximum

cutaneous hydration and prevent skin disruption.
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