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TransepidermaI water loss (TEWL) was measured as 
a function of skin temperature, us ing human cadaver 
s kin in modified skin diffusion chambers. A formula was 
d erived to allow conversion of TEWL at any skin tem
perature to a standard reference temperature. This for
mula permits more accut'ate comparison ofTEWL within 
and betw een subjects. 

In t he absence of sweating, the rate of evaporation of water 
from t he surface of t he skin (transepidermal water loss, TEWL) 
may be used as an indirect measurement of skin permeability 
a nd barrier function. TEWL varies directly with skin tempera
t ure [1-9). To fa cilitate inter- and intrasubject comparisons, 
fo rmulas have been proposed to convert TEWL at a ny given 
skin surface temperature to a standard reference temperature 
[7,9]. 

In a pilot study using TEWL as an index of resistance to s kin 
irritants, we found that application of existing formu las to our 
data actually increased the variability. We therefore undertook 
this study to measure TEWL th.rough human cadaver skin in 
response to changes in skin temperature, and compared our 
resu lts to existing formulas. 

MATERIALS AND METHODS 

Shin. Sarnp les 

Fu ll thickness, normal appearing skin was excised from the late ra l 
thighs of 22 human cadavers at autopsy, usually wi thin 5 days post
mortem. S kin samples from 10 Black and 12 Caucasian cadavers, a ll 
over the age of 30, were employed. Seven teen were from male cadavers, 
5 from fema le cadavers. No other consideration was given with regard 
to associated disease, except that the thigh skin appeal'ed clinically 
norma l. Adjacent samples of thigh skin were taken for skin surface 
temperature measurements. 

Measurem.ent ofTEWL 

Using the method of Spruit and Malten [10], a Meeco electrolytic 
wate r ana lyzer was used to measure T EWL. S ubcutaneous flat was 
trimmed from skin specimens, which were then placed between 2 halves 
of' modified skin glass diffusion chambers, with in ternal dia meter of 
1.8 em (skin surface a rea 2.54 em"). The dermal surface of each skin 
sample was oriented toward the bottom ha lf of the d iffus ion chamber, 
which was fill ed wi th buffered Hank's solu tion. The upper half of the 
chamber, placed over the epidermal surface, was modified to a llow a 
stream o f' dJ'y nitrogen gas to pass through the chamber (flow rate of 
100 cc/min) over the s kin surface. Increased water vapor in the ni trogen 
gas was recorded by the Meeco analyze r in parts per million. TEWL 
was calculated in Ilg/cm1 / hr, us ing a convers ion factor of 1 ppm water 
vapor/ cc of gas = .000736 I'g, at 25 ° C and 760 mm Hg pressure [II). 

Five brea kers of wate r were individua lly hea ted with aq uari um 
heaters to approximate temperatures at 20°, 25°, 30°, 35°, a nd 40°C 
respectively. Water bath temperatures were moni tored wi th mercury 
thermometers. A diffusion chamber conta ining a skin sample (see 
above) was suspended so that the bottom, fluid containing chamber 
was heated by the water bath. Adjacent thigh skin was placed in a 

Manuscript received August 29, 1980; accepted for publication Jan
uary 21, 198 1. 

Reprint requests to: C. G. Toby Mathias, M.D., Room A 342, De
partment of Dermatology, University ofCalifol'llia Medical Cente r, Sa n 
Francisco, CA 94 143. 

Abbreviations: 
TEWL: transepidermal water loss 

219 

separate d iffusio n chamber. S kin surface temperatur e of the latter 
sa mple was monitored by plac ing a therm istor (Yellow Springs Inst.ru 
ment Compa ny, Yellow Springs, Ohio) on the skin surface. held in 
place by a th in layer of fine mesh gauze. TEWL for each ski n sample 
was measu red al. 5 different skin surface temperatures. 

RESULTS 

The obtained data were plotted semilogarithmically, with 
TEWL as a function of skin surface temperature (Figure). The 
s lope of t he resul t ing line, calculated by the method of least 
squares, was 0.035. A test of lineari ty on the resulting line was 
s ignifi cant, (p < .01). 

Using t he mathematical formula fo r a straight line, where 

y = ax + b (1) 

y log TEWL at a given skin temperature '1' (TEWL'r) 
a = slope = 0.035 
x skin temperature '1' 
b = slope intercept 

t he formula becomes 

log TEWLr = 0.035 ('1') + b. (2) 

For a standa rd reference temperature of 30°C, equation (2) 
becomes 

log TEWLIO = 0.035 (30) + b. (3) 

Equating both equations (2) a nd (3) to b, the following rela tion
ship is obtained: 

log TEWL:1O - 0.035 (30) = log TEW63Lr - 0.035 (T) 

log TEWL ,o = log TEWLr + 0.035 (30) 

- 0.035 ('1') (4) 

log TEWL1n = log TEWLr + 0.035 (30 - T) 

DISCUSSION 

Measurements of TEWL th.rough human cadaver skin 
[2,3,11,12) compar e favorably with measurements on nonsweat
ing or sweat gland inactivated skin in vivo [1 ,2,4,6-9,13). Values 
of T EWL obtained in t he present study also compare favorab ly 
w ith values on nonsweating skin in vivo in our laboratory . 

The F igure clearly shows that increasing the skin surface 
temperature increases t he rate of TEWL. Equation (4) may be 
used to convert TEWL at any given skin surface temperatlll'e 
to a common reference temperature of 30°C. This will facili tate 
inter- and in trasubject compal'isons when TEWL is used as an 
indirect measurement of skin permeabili ty. 

Grice et al [7) have published a prE:vious equation from data 
obtained on sweat-inhibi ted skin in vivo relating TEWL to a 
common reference standard of 30°C: 

log TEWL:I(' = log TEWLr + 0.084 (30 - '1') (5) 

The s lope in their equation (0.084) differs significantly from 
ours (0.035). In reviewing their article, we have noted that, 
a lthough thei.r raw data is plotted using common logarithms, 
they refer in their text to t he use of natural logarithms. Assum
ing t hat natura l loga ri t hms were used in deriving their formula, 
their s lope (0.084) may be converted back to a common loga-
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skin slu-f'ace temperature . T he s lope of t he resulting line is 0.035. 

r it hm (0.036), which agr ees closely with our in vitro data. A 
2nd possibili ty incl udes a typographical error in the original 
equation of Gri ce et al. A 3rd possibil ity includes an error in 
calculation of their origina l equation. 

T he data obtained in our experiment show that T E WL rates 
in nonsweating skin increase with increasing skin temperature. 
On the basis of our observations, an equation (4) has been 
deri ved to allow conversion of T E WL to a standard skin refer-
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ence temperature, facil itating comparisons between and within 
subjects. 
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