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The purpose of this study was to evaluate transepidermal water loss (TEWL),
skin hydration and skin pH in normal cats. Twenty shorthaired European cats of
both sexes were examined in the study. Measurements were taken from five
different sites: the lumbar region, the axillary fossa, the inguinal region, the
ventral abdominal region and the left thoracic region. In each of the regions,
TEWL, skin hydration and skin pH were measured. The highest TEWL value
was observed in the axillary fossa (18.22 g/h/m2) and the lowest in the lumbar
region (10.53 g/h/m2). The highest skin hydration was found in the inguinal
region (18.29 CU) and the lowest in the lumbar region (4.62 CU). The highest
skin pH was observed in the inguinal region (6.64) and the lowest in the lumbar
region (6.39). Statistically significant differences in TEWL were observed
between the lumbar region and the left side of the thorax region (P¼ 0.016), the
axillary fossa (P¼ 0.0004), the ventral region (P¼ 0.005), and the inguinal region
(P¼ 0.009). There were significant differences in skin hydration between the
lumbar region and the left thorax (P¼ 0.000003), the axillary fossa (P¼ 0.002),
the ventral abdomen (P¼ 0.03), and the inguinal region (P¼ 0.0003) as well as
between the thorax and the ventral abdomen (P¼ 0.005). TEWL was higher in
females (15 g/h/m2) than in males (4.57 g/h/m2). Skin hydration was higher in
females (13.89 CU) than in males (12.28 CU). Significant differences were not
found between males and females for TEWL and skin hydration. Skin pH was
higher in males (6.94) than in females (6.54), which was significant (P¼ 0.004).
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A
variety of measurements of biophysical
parameters, such as transepidermal water
loss (TEWL), skin hydration (corneometry)

and skin pH have recently been used to complement
other methods of examining skin. These methods are
validated1 in human medicine and used, among
others, to examine skin in atopic dermatitis,2e6 in or-
der to evaluate the effectiveness of locally applied
treatment,7e9 and in contact dermatitis.10 These pa-
rameters have also been studied in veterinary medi-
cine, most commonly in dogs.11e20

Among the aforementioned parameters, TEWL has
been examined most frequently. TEWL is defined as
outward diffusion of water through the skin into the
comparatively low relative humidity of the
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atmosphere. Tewametry measures TEWL and de-
scribes the skin’s ability to retain water. This non-inva-
sive technique is widely held to be a sensitive
indicator of impaired barrier function of the skin
and epidermal damage.1,3,11,21e23 Increased TEWL
has been observed in people2e5 and dogs21,22 with
atopic dermatitis. In atopic dogs there are ultrastruc-
tural changes in the stratum corneum, including ab-
normalities in lipid lamellae organisation and wider
intracellular spaces.24 These changes in barrier func-
tion are responsible for increased permeability for en-
vironmental allergens and allow an enhanced
penetration of them, increasing the risk for
sensitisation.24

Corneometry, the evaluation of skin hydration, is
based on measures of electric capacitance of the stra-
tum corneum and indicates the relative hydration of
opyright � 2010 Published by Elsevier Ltd on behalf of
ISFM and AAFP. All rights reserved.
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Table 1. TEWL in different regions in cats.

Mean g/h/m2 Median SD

Lumber region 10.53 10.70 3.05
Thorax 15.06 13.3 8.38
Axillary fossa 18.22 16.30 7.34
Ventral region 15 12.25 7.79
Inguinal region 15.34 13.60 5.73
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this epidermal layer. This method determines the wa-
ter content of the outer layer of the stratum corneum
at the depth of 10e20 mm to 60e100 mm.1,5,16

A decrease of the value of this parameter has been
confirmed in atopic dermatitis in humans.5

Changes in skin pH have been demonstrated in
people, with an increase in pH observed in atopic der-
matitis, seborrheic dermatitis, acne, ichthyosis, contact
dermatitis and Candida albicans infections.4,14,25 In-
creases in skin pH have also been demonstrated in
dogs with pyoderma.26

Multiple factors such as age, sex, breed, and ana-
tomical site influencing the value of TEWL, skin hy-
dration and skin pH have been examined in dogs as
well as in humans.11,14e18,21,27

With the exception of skin pH,28 no studies have in-
vestigated TEWL or skin hydration in cats. The pur-
pose of this study was to examine these biophysical
parameters in normal cats of both sexes in different
body sites.
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Fig 1. TEWL in different regions in cats.
Materials and methods
Twenty shorthaired European cats of both sexes
(12 females, including seven spayed, and eight males,
including three castrated), ranging in age from 6
months to 6 years (mean age 26 months) were in-
cluded in the study. The cats were privately owned.
All owners were informed about the details of the ex-
amination and signed permission forms to enrol their
pets in the study. The study was approved by the
University Ethics Commission (resolution number
32/2009 21.04.2009). All cats were given a complete
physical and dermatological examination before tak-
ing the measurements. Only clinically healthy ani-
mals with no history of skin or systemic disease
were included in the study. The animals were accli-
matised in the test room 1 h before the measurements
were taken. The temperature in the room ranged
from 25e28�C and the relative humidity from
40e65%. The examination was performed from
March to November 2009. The temperature and rela-
tive humidity were similar to those reported by other
authors.11,16,19,21

Measurements were taken from five different sites:
the lumbar region, the left axillary fossa, the right in-
guinal region, the ventral abdominal region and the
left lateral thorax region. In each of the regions,
TEWL, skin hydration and skin pHweremeasured. Be-
fore themeasurement, hair was clipped to 1mm length
usingMetzenbaum scissors. In a study byWatson et al,
clipping did not influence the results of TEWL.17 The
measurement was taken 2min after hair clipping, a pe-
riod of time used by other investigators.17 For each pa-
rameters six successive measurements were taken and
the mean value was calculated. The assessment of the
parameters was made by means of the Courage
Khazaka Multi Probe Adapter 5 and the appropriate
probes: the Tewameter TM 300 probe (to measure
TEWL), Corneometer CM 825 (to measure skin
hydration), Skin-pH-Meter PH 905 (to measure skin
pH). The same instrumentation was used in previous
studies in dogs.15,16,19,21

For all parameters, the mean, standard deviation
(SD) and median were calculated. Statistical analysis
was conducted by the ManneWhitney U test at
P-values of P¼ 0.05 (Statistica 6.0 software). For each
parameter, statistically significant differences were
calculated between the results obtained in different
regions. Additionally, statistically significant differ-
ences between the results for females and males
were calculated, taking into consideration the distri-
bution of parameters in the regions.
Results
For TEWL, the lowest values were observed in the
lumbar region (15.53 g/h/m2), while the highest
values were observed in the axillary fossa (18.22 g/
h/m2). TEWL was statistically significantly lower in
the lumbar region as compared to the left side of the
thorax region (P¼ 0.016), the axillary fossa
(P¼ 0.0004), the ventral region (P¼ 0.005), and the
inguinal region (P¼ 0.009) (Table 1, Fig 1).



Table 2. TEWL in male and female cats.

Mean g/h/m2 Median Variance

Males 14.57650 12.80000 49.50281
Females 15.00100 12.70000 50.60481
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Fig 3. TEWL in different regions in female cats.
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TEWL was higher in males (14.57 g/h/m2) than fe-
males (15.00 g/h/m2), but the differences were not
statistically significant (P¼ 0.89). No statistically sig-
nificant differences were observed between males
and females for TEWL in different body regions (lum-
bar region P¼ 0.97, thorax region P¼ 0.98, axilla
P¼ 0.91, ventral region P¼ 0.06, inguinal region
P¼ 0.57) (Table 2, Figs 2 and 3).

For skin hydration, the lowest values were observed
in the lumbar region (4.62 CU) and thehighest values in
the inguinal region (18.29 CU). The value of this param-
eter was statistically significantly lower in the lumbar
region than in the left thoracic region (P¼ 0.000003),
the axillary fossa (P¼ 0.002), the ventral abdomen
(P¼ 0.03), and the inguinal region (P¼ 0.0003). There
were also statistically significant differences between
the results for the left thoracic region and the ventral
abdomen (P¼ 0.005) (Table 3, Fig 4).

No statistically significant differences were ob-
served for the results between males and females for
skin hydration in corresponding body regions
(P¼ 0.81) (Table 4, Figs 5 and 6). In females, the values
were higher (13.89 CU) than in males (12.28 CU).

Skin pH ranged from 6.39 (the lumbar region) to
6.64 (the inguinal region). Statistically significant dif-
ferences in skin pH were observed between the lum-
bar region and the axillary fossa (P¼ 0.02), and
TEWL - Male 
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Fig 2. TEWL in different regions in male cats.
between the lumbar region and the inguinal region
(P¼ 0.01) (Table 5 and Fig 7).

The mean skin pH value for males (pH 6.94) was
more basic than the mean female skin pH (pH 6.54)
(P¼ 0.004). A statistically significant difference be-
tween males and females was found for skin pH
from the left thoracic region (P¼ 0.004) but not for
the ventral abdomen (P¼ 0.09), the lumbar region
(P¼ 0.39), the axilla (P¼ 0.18) or the inguinal region
(P¼ 0.49) (Figs 8 and 9).
Discussion
TEWL, skin hydration and skin pH measurements are
considered to be useful techniques to assess the dam-
age of skin in humans and are widely used to evaluate
skin barrier function in patients with atopic dermatitis
as well as to evaluate the therapeutic efficacy of
locally administered treatments.1e5,8,9

The integrity of skin barrier function is important in
the aetiopathogenesis of atopic dermatitis. In dogs
with atopic dermatitis, there are numerous defects in
Table 3. Skin hydration in different regions in cats.

Mean
(corneometer

units)

Median SD

Lumber region 4.62421 3.87000 4.35559
Thorax 14.18632 9.62000 15.02929
Axillary fossa 15.44421 13.08000 9.57414
Ventral region 13.38263 13.10000 7.51884
Inguinal region 18.29350 14.11500 10.75044
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Fig 4. Skin hydration in different regions in cats.
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Fig 5. Skin hydration in different regions in male cats.
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skin barrier function. Marsella et al found ultrastruc-
tural changes in the epidermis in such animals.24

Atopic dogs have abnormalities in lipid lamellae orga-
nisation and wider intracellular species containing ab-
normal lipid material.24 Lamellar lipids are reduced in
number and highly disorganised.29 Lipid lamella are
also markedly heterogenous compared to normal
dogs.30 It is hypothesised that these defects are re-
sponsible for enhanced penetration of environmental
allergens and increased risk of sensitisation in predis-
posed patients.24 Reiter et al and Pin et al also ob-
served a decrease in the amount of ceramides in the
skin in atopic dogs.31,32 Ceramides are the largest
group of stratum corneum lipids. A ceramide defi-
ciency is associated with an increase in TEWL and
may be involved in impaired skin barrier function.31

In veterinary medicine, information regarding these
biophysical parameters in different diseases is lim-
ited.21,22,26 There is also little information concerning
the baseline values of these parameters in different an-
imal species with most information obtained from ca-
nine studies. With the exception of pH, TEWL and
skin hydration have not been investigated in cats.

Research conducted by other authors has pointed to
statistically significant differences in the case of TEWL
between different dog breeds. Hestler et al determined
that TEWL values differ significantly between Beagles
Table 4. Skin hydration in male and female cats.

Mean Median SD

Males 12.28436 9.930000 9.04522
Females 13.89281 9.720000 12.05099
and Basset Hounds.16 Differences in TEWL between
breeds have also been described by Young et al.15

TEWLmayvary indifferent body regions inpeople27

anddogs.11,17Oh andOh found that TEWL inBeagles is
the lowest for ear pinnae and for the lumbar region, as
compared to other body regions,11 with the highest
values found on the head and the tail. Yoshihara et al,
who also took measurements with Tewameter TM
300, showed that the lowest values of TEWL are found
in the lumbar region.18 A similar relationship was
found in the present study, in that TEWL was lowest
in the lumbar region, which was statistically
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Fig 6. Skin hydration in different regions in female cats.



Table 5. Skin pH in different regions in cats.

Mean (pH) Median SD

Lumber region 6.394000 6.340000 0.281395
Thorax 6.570000 6.480000 0.354933
Axillary fossa 6.628500 6.625000 0.452842
Ventral region 6.553684 6.460000 0.443123
Inguinal region 6.643158 6.600000 0.509826
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Fig 8. Skin pH in male and female cats.
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significantlydifferent fromvalues obtained forother re-
gions. In contrast, Watson et al, determined that the
lowest TEWL values were found in the ventrum in
dogs.17 Previous studies regarding values of this pa-
rameterhavenot been conducted in cats, therefore, a di-
rect comparison of results in the present investigation
and other studies cannot be made.

The influence of body region on skin pH in animals
was investigated by Meyer et al28 In this investigation,
various animal species (cattle, horses, goat, sheep), in-
cluding dogs of different breeds and cats were stud-
ied. They concluded that there were no statistically
significant differences in skin pH of different body re-
gions. This is in contrast with the results of the present
study. Similarly, research in humans has shown that
pH values vary according to site.25 Having compared
the values of skin pH, Mayer et al concluded that skin
pH obtained from most sites in cats was slightly acidic
at 5.94e6.81, as compared to the results in the present
study of 6.39e6.64.

Young et al assessed the influence of sex on TEWL,
skin hydration, and skin pH15 in Beagles, Fox Terriers,
Labrador Retrievers and Manchester Terriers. In this
study, the sex did not significantly influence the
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Fig 7. Skin pH in different regions in cats.
parameters, although males exhibited a larger range
in skin pH than females.15 These results correlate with
the results obtained in the present study in regards to
TEWL and the hydration of the epidermis. However,
in the present study a significant difference in skin pH
between males and females was observed (6.94 in
males, 6.54 in females). The influence of sex on skin
pH was also examined by Mayer et al and Bourdeau
et al13,28 These authors also failed to observe any influ-
ence of sex on skin pH in cats, but in cattle, the pH
values of males were more basic than in females.28
pH 
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Matousek andCampbell also found thatmale dogs had
a more basic pH than females in dogs.14

We anticipate that the assessment of biophysical pa-
rameters of skin, especially TEWL, will be useful in
understanding atopic dermatitis in cats. Much re-
mains to be known about atopic dermatitis in cats,
and the diagnosis of this disease can be challenging.
The diagnosis is made on the basis of historical and
clinical features and immunological tests (positive
skin tests or increase of specific IgE) and the exclusion
of other skin diseases which exhibit similar clinical
signs.33 In dogs, it is known that there are differences
in TEWL in non-lesional skin between healthy dogs
and dogs with atopy, with an increase in TEWL in
atopic dogs. It is possible that such a relationship in
cats exists, and disturbances in biophysical para-
meters of skin may be useful tools in the early diagno-
sis of atopy in this species.

The knowledge of skin pH in cats may also be use-
ful in topical therapy. It is known that in dogs a in-
crease of pH is found in pyoderma.26 In dogs the
use of topical products containing ethyl lactate, ben-
zoyl peroxide, chlorhexidine, calicic acid, and sulfur
causes a normalisation in skin pH, and it is possible
to shorten the duration of topical therapy by using
agents with pH similar to dogs skin.26

In cats, similar to dogs and humans, there are dif-
ferences between body regions in biophysical param-
eters of skin. Further research is necessary in order to
specify the range of values of the biophysical para-
meters in healthy cats, and to assess them in various
cutaneous diseases.
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