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Abstract: The effect of topical skin care products on neonatal skin
barrier during first 8 weeks of life has not been scientifically evaluated. In a
prospective, randomized clinical study, we compared the influence of three
skin care regimens to bathing with water on skin barrier function in new-
borns at four anatomic sites. A total of 64 healthy, full-term neonates (32 boys
and 32 girls) aged <48 hours were randomly assigned to four groups
receiving twice-weekly: WG, bathing with wash gel (n = 16); C, bathing and
cream (n = 16); WG + C, bathing with wash gel plus cream (n = 16); and B,
bathing with water (n = 16). Transepidermal water loss, stratum corneum
hydration, skin pH, sebum were measured on day 2, week 2, 4, 8 of life on
front, abdomen, upper leg, and buttock. Skin condition was scored and
microbiologic colonization was documented. After 8 weeks, group WG + C
showed significantly lower transepidermal water loss on front, abdomen,
and upper leg as well as higher stratum corneum hydration on front and
abdomen compared with group B. Similarly, group C showed lower trans-
epidermal water loss and higher stratum corneum hydration on these body
regions. Group WG revealed significantly lower pH on all sites compared
with group B at week 8. No differences in sebum level, microbiologic colo-
nization and skin condition score were found. Skin care regimens did not
harm physiologic neonatal skin barrier adaptation within the first 8 weeks of
life. However, significant influence of skin care on barrier function was found
in a regional specific fashion.

Although full-term healthy neonates have an ana-
tomically well-developed skin, epidermal barrier func-
tion is distinctly different between neonates and adults

and is prone to dermatitis and infection (1–3). Appro-
priate skin care is of particular interest in neonates to
maintain the natural adaptation of skin barrier (4). Skin
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care regimens vary and are based on tradition in many
countries (5–7). However, the influence of commercially
available topical baby products on skin barrier function
has not been scientifically investigated during the neo-
natal period. Some regimen may damage while others
may maintain barrier function (8–10). A prospective
study over the first 8 weeks of life appeared to be
appropriate to assess dynamic changes of skin barrier
comparing continuous skin care regimens (11,12). Neo-
natal skin barrier depends on different functional
parameters and shows regional variability (13–15). We
aimed to characterize neonatal barrier function using
noninvasive techniques to evaluate transepidermal water
loss (TEWL), stratum corneum hydration (SCH), skin-
pH and sebum content in four anatomical regions. We
hypothesized that twice-weekly bathing with commer-
cially available baby wash gel and additional baby
cream would not harm the natural adaptation of skin
barrier in healthy newborns.

METHODS

Study Site and Population

Amonocentric, prospective, randomized study was con-
ducted from October 2006 to May 2007 in close cooper-
ation between the Department of Dermatology, the
Clinic for Neonatology CCM at Charité-Universitäts-
medizin Berlin and the Department of Gynaecology of
Clinic Dahme-Spreewald. A total of 284 full-term new-
bornswerebornat theCharitébetweenOctober2006and
May 2007, and 187 newborns between January andMay
2007 at the Clinic Dahme-Spreewald. Inclusion criteria
met all healthy full-term newborns with 37 completed
weeks of gestation, aged £48 hours. Exclusion criteria
includedsepsis,seriouscongenitalmalformations,asphyxia,
hydronephrosis, severe intracranial hemorrhage, immu-
nodeficiency, pre-existing skin disease with eruptions
covering more than 50% of body surface, relevant skin
macerationor inflammation ⁄ irritation,urticaria,acuteor
chronic diseases with temperatures below 35�C or above
40�C. A total of 407 full-term neonates (86%) did not
meet inclusion criteria, had exclusion criteria or were
participating in another study. After having obtained
written parental informed consent, 64 eligible full-term
neonates were included. The trial had been approved by
the local ethics committee of the Charité-Universitäts-
medizin Berlin, VotumNo. EA1 ⁄139 ⁄06.

Clinical Procedures

Atotalof64healthy, full-termneonates (32girls, 32boys)
aged £48 hours were randomly assigned to four groups

(each n = 16) receiving twice-weekly from day 7 until
week 8 of life: groupWG, bathing with pH 5.5 wash gel
(Top To Toe Baby Gel Penaten�, Johnson & Johnson
GmbH, Duesseldorf, Germany); group C, bathing with
clear water and afterwards topical cream (Baby Caring
Facial & Body Cream Penaten�, Johnson & Johnson
GmbH, Duesseldorf, Germany); group WG + C,
bathingwithwashgelandtopicalcream;groupB,bathing
withclearwater.Allneonateswerewashedtheetimeswith
a cotton washcloth, moistened with water, until day 7.

Bathing lasted about 5 minutes using tap water at
temperature 37–38�C, pH 7.9–8.2, hardness 13.4�dH
(range: 7–25�dH). Diapers from Pampers� Baby Dry
for Newborns were provided. Parents were instructed
to avoid treating skin with any other skin care products,
except of areas of skin trauma or diaper dermatitis:
triclosan1%-cream,octenidin ⁄phenoxyethanol-solution,
zinc paste (optionalwith nystatin), to removemeconium:
oil and vaseline.

Clinical Evaluations

Anatomical test areas for skin functional parameters and
neonatal skin condition score (NSCS) were located at
front (representing uncovered skin), abdomen, upper leg
(mainly covered by clothes) and buttock (upper outer
quadrant, mainly occluded). Transepidermal water loss,
SCH, skin-pH and sebumweremeasured on day 2, week
2, 4 and 8 after birth in all groups, using non-invasive
Multi Probe Adapter System MPA� (all Courage &
Khazaka, Cologne, Germany): Tewameter� TM 300
was applied to skin for 30 seconds averaging data every
2 seconds,Corneometer�CM825andSkin-pH-Meter�

pH 905 were applied for 2–3 seconds, Sebumeter� SM
815 data were received after 30 seconds. Room temper-
ature and humidity were recorded with standard
devices. No skin care was performed<12 hours prior to
measurements.

Skin conditions were evaluated using NSCS: dryness
(1 = none, 2 = dry skin, 3 = very dry skin), erythema
(1 = none, 2 £ 50% of surface, 3 ‡ 50% of surface),
excoriation (1 = none, 2 = small, localized, 3 =
extensive) (16). Microbiological colonization was
documented by bacterial and candida swabs from the
umbilical region at day 2 and week 4. Candida and
bacteria were registered as positive or negative coloni-
zation, subspecies were not further identified.

Statistical Methods

All data in accordancewith scaling and distributionwere
analyzed descriptively and expressed with box plots. In
caseof categoricaldata,Chi-square testswereperformed.
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For closer inspection of temporal courses in four
groups (WG, C, WG + C, and B), a three-factorial
analysis with repeated measurements was used. Analysis
was performed for each test site separately and included
main effect cream, wash gel and time, as well as their
interactions. In cases, in which interactions between
treatment and time showed significant effects, treatment
groups were tested against group B at week 8 using
Mann–Whitney U-Test. As test procedure for nonpara-
metric analysis of variance, we used a method developed
by Brunner, using statistic packets SAS V.9.1 (17).
Otherwise program SPSS 16.0 (SSPS, Inc., Chicago, IL,
USA)was utilized.All analyses resulted fromexplorative
sense, p-value <0.05 was considered as significant. Dif-
ferences in room temperature and humidity between
groups were tested using Kruskal–Wallis Test.

RESULTS

Participants

Baseline characteristics of 64 neonates in four groups
were comparable (Table 1). No newborn was receiving
medication or had clinical disturbances. In total, data of
64 newborns were collected until week 8; no drop-outs
were noted.

Skin Functional Parameters After 8 Weeks

Postnatal adaptation of skin barrier was analyzed after
8 weeks in each skin care group in comparison with
group B. Median TEWL was significantly lower on
front, abdomen, and upper leg in group WG + C. No
significant difference (p = 0.224) was found for TEWL

in groupWG + Con buttock area (Fig. 1). In groupC,
TEWLwas significantly lower on all test areas at week 8
(Fig. 1). Comparing group WG and group B, no signif-
icant differences were found for median TEWL values
on forehead, abdomen, upper leg, and buttock (all
p > 0.110, Fig. 1).

Significantly higher SCH was found on forehead and
abdomen in group WG + C and group C compared
with group B (Fig. 2). Hydration values in group WG
showed no significantly different median values com-
pared with group B at week 8 (Fig. 2). An influence of
room temperature and humidity on given results about
skin functional parameters was statistically excluded at
day 2 and week 8 in all groups.

Skin-pH was significantly lower in group WG com-
pared with group B after 8 weeks at all anatomic test
areas (Fig. 3). No significant differences regarding skin-
pH were observed in group WG + C and in group C
compared with group B on different body regions
(Fig. 3).

Sebum levelwas independent of skin care regimen.All
groups showed similar course of sebum until week 8.
Median values are shown taken all 64 newborns together
(Fig. 4). No sebum production could be found at upper
leg (data not shown).

Skin Condition and Microbiologic Colonization

Skin care regimen did not significantly influence NSCS
comparing day 2 and week 8 (Table 2). Therefore, cor-
relation of NSCS with significant findings in skin func-
tional parameters is unlikely. All groups showed mildly
elevated NSCS at day 2 at all test sites. By contrast, at
week 8 most test sites showed normal NSCS, except for

TABLE 1. Baseline Characteristics of Enrolled Neonates in Skin Care Groups

Characteristic WG + C WG C B

Female, No. (%) 8 (25) 8 (25) 8 (25) 8 (25)
Male, No. (%) 8 (25) 8 (25) 8 (25) 8 (25)
Caucasian, No. (%) 15 (94) 16 (100) 16 (100) 14 (88)
Non-Caucasian, No. (%) 1 (6) 0 (0) 0 (0) 2 (12)
Week of gestation, Mean (SD), week 40 (0.9) 39 (1.3) 40 (1) 40 (1.3)
Birth weight, Mean (SD), g 3371 (422) 3524 (500) 3480 (376) 3618 (387)
Birth length, Mean (SD), cm 52 (2) 51 (2) 51 (2) 52 (2)
Head circumference, Mean (SD), cm 35 (1.2) 35 (1.2) 35 (0.7) 36 (1.1)
APGAR normal, No. (%) 16 (100) 16 (100) 16 (100) 16 (100)
Eutroph, No. (%) 13 (81) 11 (69) 13 (81) 15 (94)
Hypotroph, No. (%) 3 (19) 2 (13) 2 (13) 0 (0)
Hypertroph, No. (%) 0 (0) 3 (19) 1 (6) 1 (6)
Vaginal delivery, No. (%) 12 (75) 12 (75) 11 (69) 9 (56)
Cesarean section, No. (%) 3 (19) 3 (19) 3 (19) 6 (38)
Forceps or vacuum, No. (%) 1 (6) 1 (6) 2 (13) 1 (6)
Primiparous, No. (%) 10 (63) 8 (50) 11 (69) 6 (38)
Maternal history of AD, No. (%) 0 (0) 1 (6) 0 (0) 2 (13)
Paternal history of AD, No. (%) 0 (0) 1 (6) 1 (6) 1 (6)
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the front. The buttock test area was never affected by
diaper dermatitis, which was perianal in all newborns.
NSCS was not evaluated in the affected perianal area.
Frequency of diaper dermatitis was statistically
independent of skin care regimen (Table 3). Candida
colonization was absent in all newborns at umbilicus
until at week 4. Bacterial colonization without clinical
signs of infectionwas present in n = 31newborns at day
2, group WG + C n = 8, group WG n = 7, group C
n = 8, and group B n = 8. Positive bacterial culture
was found at week 4 in n = 35, groupWG + Cn = 9,
groupWGn = 7, groupCn = 10, andgroupBn = 9.
No significant difference was found comparing bacterial

colonization and skin care group (p > 0.75). Percentage
of neonates having a positive family history of maternal
or paternal atopicdermatitisdidnot significantly differ in
all groups (p > 0.29); group B had one neonate with
positive paternal and maternal history of atopic derma-
titis (AD, Table 1).

DISCUSSION

Skinbarrier integrity is essential for infants, and skin care
regimens should be age adapted on a scientific basis (18).
Type and frequency of skin care regimen play a funda-
mental role in the model of environmental dosage effect

Figure 1. Postnatal course of TEWL in all groups. Median TEWL was significantly (all p < 0.000) lower on front 6.7 g ⁄ m2 ⁄ hour
(range: 6.3–7.4), abdomen 6.4 g ⁄ m2 ⁄ hour (6.1–7.6), and upper leg 6.15 g ⁄ m2 ⁄ hour (5.7–7) in group WG + C (cream + wash gel)
versus group B (water) at week 8. In group C, TEWL was significantly (p < 0.000) lower on forehead 6.7 g ⁄ m2 ⁄ hour (6.1–6.9),
abdomen 6.2 g ⁄ m2 ⁄ hour (5.7–6.6), on upper leg 6.1 g ⁄ m2 ⁄ hour (5.4–6.5), and buttock 7.55 g ⁄ m2 ⁄ hour (5.9–8.7, p = 0.011)
after 8 weeks. o ⁄ *outliers.
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provoking skin barrier dysfunction in newborns (19).
Nevertheless, limited basic research about neonatal skin
barrier function in different body regions being influ-
enced by topical care is available (15,20). In this study,
anatomical test areas showed a different response to skin
care regimens.

Transepidermal Water Loss

Predominantly, TEWL is established for evaluation of
skin barrier effectiveness (21). In our study, TEWL was
lower in newborns treatedwith twice-weekly bathing and
application of cream on all anatomic test sites compared
with bathing with water. Newborns, who additionally

receivedwash gel, also presented lowerTEWLcompared
with group B except for the buttock area. The course of
TEWL was equal comparing bathing with and without
wash gel (Fig. 1). In all groups, TEWL values were
physiologic andcomparablewith thoseof healthy infants
and adults (14).

Stratum Corneum Hydration

Skinmaturation is influenced by the water content of the
stratum corneum (22). In this study, increase of SCH on
all test sites was proportionate to age and physiologic in
all groups (12,15). Higher SCH was found on forehead
and abdomen at week 8, if newborns received additional

Figure 2. Postnatal course of SCH in all groups on different anatomic sites. Significantly (both p < 0.000) higher SCH was found
on forehead 66.6 U (range: 63.9–69.7) and on abdomen 64.8 U (60.8–69.6) in group WG + C (cream + wash gel) compared with
group B (water). Moreover, stratum corneum hydration was significantly (both p < 0.000) greater in group C (cream) on front 68 U
(63.8–70.6) and abdomen 66.8 U (63–75.2). o ⁄ *outliers.
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cream (Fig. 2). Buttock and upper leg were not influ-
enced by skin care regimen reflecting regional variability
(15). Application of cream enhanced SCH on front and
abdomen.Bathingwithorwithoutwashgel did not show
any differences.

Influence of Skin Care Regimens on pH

At birth, skin-pH is near-neutral (pH 6.2–7.5), reaching
adults’ level (pH 5.4–5.9) after a few weeks (11). Soap,
detergents, and pure water temporarily raise skin-pH in
infants (23). An elevated skin surface pH is known in
children withAD comparedwith controls (24). Our data
show that the added baby wash gel or additional appli-
cation of cream did not harm the acidification process of

the epidermal barrier during the first 8 weeks of life
(Fig. 3).

Course of Sebum

Little is known about the activity of sebaceous glands in
neonates. Present investigations revealed similar values
of sebum on forehead and upper leg in all groups,
comparable with those reported in older infants (23).
However, even pure water (pH 7.8–8.2) temporarily
shifts sebum to lower values (23). In this study, sebum
production remained stable during the study period. To
demonstrate basic scientific data on the course of sebum
in newborns, values are shown for all 64 newborns
together (Fig. 4).

Figure 3. Postnatal course of pH on different anatomic sites. Skin-pH was significantly (all p < 0.000) lower in group WG (wash
gel) compared with group B (water) after 8 weeks: forehead 4.75 pH units (range: 4.58–4.87), abdomen 4.89 pH units (4.65–5.03)
upper leg 4.86 pH units (4.67–5.05), and buttock 4.98 pH units (4.7–5.21). o ⁄ *outliers.
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Microbiologic Colonization and Skin Condition

In this study, different skin care regimens did not influ-
ence candida or bacterial colonization at the umbilical
region as previously demonstrated (25). Frequency of

diaper dermatitis was not influenced by skin care regi-
mens. Skin condition was comparable in all groups
reflected by amildly elevatedNSCSafter birth, returning
to normal values at most test sites at week 8 (Table 2).
NSCS serves for detection of pathologic skin condition,
but is not as sensitive as biophysical measurements to
evaluate physiologic skin barrier function (16).

The dynamic process of adaptation of skin barrier
function was not harmed by tested skin care regimens in
healthy full-term newborns. Although the use of cream
and ⁄or use of wash gel influenced skin functional
parameters to some extent and seemed to have a mild
positive effect on postnatal skin barrier adaptation
compared with bathing with clear water, this effect was
not statistically significant, and thus we cannot conclude
from our study that any of the regimes we tested exerts a
beneficial effect over the others on the physiologic
adaptation or maturation of the newborn skin. A short
alteration of TEWL or SCH by a single cleansing pro-
cedure has been previously shown (11,23). However, our
data reflect a longer lasting effect of skin care measured
12 hours after last application. Lowest pH was found in
newborns bathed with wash gel, additional use of cream
revealed values equal to group B. Low SCH, high
TEWL, and pH are well documented in patients with
AD(24).Fewneonates hadpositivematernal or paternal
history of AD, which was statistically indifferent in all
groups. Therefore, significant differences observed in
study groups seemed to be independent of a different
genetic backgroundof studied individuals.However, one
neonate had positive maternal and paternal history of
AD. An influence on our data is unlikely, but should be
ruled out in larger groups.
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Figure 4. Sebum content evaluated in all groups together
(n = 64) on day 2, week 2, 4, and 8 at forehead. All groups
showed similar course of sebum until week 8. No influence of
skin care regimen was found in sebum production at all sites.
o ⁄ *outliers.

TABLE 2. Neonatal Skin Condition Score (NSCS) at Day 2
and Week 8 at Tested Body Areas

NSCS-Score WG+C (%) WG (%) C (%) B (%)

Area day 2
Front 3 6 6 9 5

4 17 16 14 20
5 2 3 2 0

Abdomen 3 6 6 8 6
4 16 11 14 19
5 3 8 3 0

Upper leg 3 16 10 11 9
4 9 14 13 14
5 0 2 2 2

Buttock 3 14 11 14 19
4 11 14 11 6
5 0 0 0 0

Area week 8
Front 3 16 19 17 8

4 9 6 8 16
5 0 0 0 2

Abdomen 3 25 25 25 25
4 0 0 0 0
5 0 0 0 0

Upper leg 3 25 25 25 25
4 0 0 0 0
5 0 0 0 0

Buttock 3 24 25 21 22
4 2 0 5 2
5 0 0 0 0

TABLE 3 Frequency of Diaper Dermatitis in Different Groups

Visit
WG + C
n = 3

WG
n = 0

C
n = 4

B
n = 2

Day 2 0 0 0 0
Week 2 0 0 2 0
Week 4 2 0 1 1
Week 8 1 0 2 1
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