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Abstract. The skin relief in!luences the exterior a,pect of 
1he skin which is very sensitive to aging. It could also be 
related to the mechanical properties and structure of both 
dermis and stratum corneum. Consequently. quantitative 
mcasurement of the skin surfacc roughness would seem 
mo,1 uscful. a, it would permit a quan1ification of skin 
aging, an in vivo analysis of mechanical forces acting on 
the skin ,tructure, and the detection of abnormalities 
otherwise not visible. The method described compnse, 
three steps: (I) making a silicone rubber negative replica. 
(2) making an Araldite positive cast. (3) roughne,, mea;,­
urement of the casl with a device commonly used in en­
gineering, which provides quantitative parameters: R •.

R0 • R,. Rmax and olhers. The reliability of each of the,e
steps wa, checked, and also the absolute need to locate 
precisely the site of sampling and LO know the angle of the 
scanning direction with rhe main axis of rhe limb or the 
body. The method seem, useful for �tudying aging. cither 
normal or affected by UV ray, and other physiopatho­
logical events inlluencing the skin surface. 

Key II ords: Skin surface: Skin replica�: Skin micro­
topography; Human skin roughness 

One of the skin·� most salient characteristics is to 
have a very !arge surface (in between 1.5 and 2 m2 

for an adult- for a �mall volume �50 cm3); yet 

surprisingly. not very much attention has been paid 
to it. This surface is not flat. It contains incidental 

features of physiological and possibly pathologi­

cal significance. which probably express the bio­

mechanical properties of the dermis and overly­
ing tissues. The general relief is difficult to visualize 
on a child's body without a magnifying glass. but is 

easier to observe on adults. However. a technique 
to reveal both qualitatively and quantitatively the 

microtopography of the skin surface would allow 

one to study the relationship between skin relief and 

physiological parameters such as agc and sex, the 
influence of externa! factors such as sun exposure 
or UV treatment. or interna! ones acting on skin 
structure. Such a method would be of use lo exa­
mine the effects of medicines and cosmetic prepara-
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tions on the skin surface, as well as to detect with 

precision certain pathological processes such as the 

evolution of tumours. 
To tackle these problems, we have used an ap­

paratus cmployed in industry lo measurc the rough­
ness of su1faces. The technique comprise� three 

�teps: (a) making a silicone rubber negative replica. 

(b) making an Araldite positive cast, (c) studying
this cast with a roughncss-meter which providcs
quantitative paramenters (r ., R 0, R ,, R max and oth­

ers) characterizing the surface. 

MATERIALS AND METHOD 

Negative replica� were obtained from impres,ions of the 
skin. from which casts (positive rcplicas) were prepared. 

The choice of substance with which lo make the nega­
tive replicas is important. It should be fluid enough 10 

penetrate the furrows and 10 flow over all the details of the 
skin surface. It should set at body temperature and in a 
,hon time without forming bubbles or artifacts. Finally it 
should be harmlcs� and easy 10 apply and remove. For the 
purpose of this study. three groups of materials were 
inveMigated: dental silicone rubber impression materials. 
a polysulphide dental impression material. and an industri­
al grade silicone rubber. The results of the comparison arc 
displayed in Table I and it is clear that the siliconc rubbcr 
impression materials 2. 3. 4 and 5 have advantages over 
the other materials. The substance found to be most suita­
ble was Silt10•. which was first suggested for use by 
Sampson (1961) (14). It fulfilled all the above require­
ments. Si!Oo is a monomere silicone rubber which trans­
forms into a polymere. when mixed with a catalyst. I ml of 
Silllo was mixed with 2-3 drops of catalyst. The mixture 
was applicd onto the area to be replicated, after having 
�haved the hairs. A glass microscope slide was placed on 
the unset material to provide both uniform thickness of the 
negative replica and firm support so as to prevent the 
flexible set material from distoning du ring removal. It is 
importanl to indicate the orientation of the replica with 
regard to the body axis, as it will influence the profile of 
the relief traced by the roughness meter. 

As with the impression materials. cast material should 
ideally have a low viscosity and be easy to mix. It should 
also be bubble-free and have a reasonably shon curing 
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Table I. Properties oJ i111pressio11 11w1erials 

Chcmical 
Tr:,de name Supplic1· composition 

I. Ken-perm- Kerr. Rog. U.S .. Polysulphide 
plastic (light) Kerr-Europe rubber 

Germany 
2. Flexicon G.C. Chemical Mfg Silicone 

(injection type) Co. Ltd .. Tokyo. rubber 
Japan 

3. Silflo Flexico Silicone 
Development Ltd. rubber 

4. Verone Davis Schotlander Silicone 
& Davi� Ltd. rubber 

5. Verone G Davis Schotlander Silicone 
& Davis Ltd. rubber 

6. Silicoset 105 lmperial Chemical lndustrial 
(Batch21) lndustries Ltd. Silicone 

Rubber 

Charactcristics 

Ease of Currcnt 
Flow Smell removal use 

Not good Not well Not easy Dental impression 
appreciated material 

Not good Acceptable fa1sy Dental impression 
material 

Good Acceptable Easy Dental impression 
material 

Good Acceptablc Easy Dental impres�ion 
material 

Good Acceptable Easy Dental impression 
materiaJ 

Good Not appre- Easy I ndustrial use 
ciated 

time at room temperature. The materials investigated 
were a group of epoxy resins. a two-phase methyl 
methacrylate replica material (Acrulitc). and a calcium 
sulphate a-hemihydrate (CaSo.). H,O. It was apparent 
(Table Il) that epoxy resins Aralditc MY 753 and Araldite 

MY 778 with hardener HY 956 proved thc most acccpta­
ble. as having the advantages of curing at room tempera­
ture and the air bubles of the mixlllre being ea�y to elimi­
nate. 

The cast materials were prepared according to the man-

Table 11. ProperJies of Call malerials 

Characteri�tics 
Chemical 
composi- Mixing pro. Ease of Air incor- Setting 

Trade name Supplier tion portion mixing Flow poration tempcraturc 

I. Araldite Ciba-Geigy Epoxy Resin 50% Aralditc Good Poor Difficult lo Room tem-
Standard France 50% Hardener eliminate pera1ure 

2. Araldite Ciba.-Geigy Epoxy Re�in 50 % Aralditc Good Poor Difficult to Room tem-
Nouveau France 50 <:f Hardener eliminate perature 

Rapide 

3. Araldite Ciba-Geigy Epo;,.y Resin 10 parts Araldite Good Good Easy to 60
°

c 

CY 219 Duxford 5 parts Hardener eliminate 
I part Accelerator 

4. Araldite Ciba-Geigy Epoxy Resin 80 %Araldite Good Good Easy to Room tem-
MY 753 Duxford 20 9< Hardener eliminate perature 

5. Araldite Ciba-Geigy Epoxy Resin 80 % Aralditc Good Good Easy to Room tem-
MY778 Duxford 20 % Hardener eliminate perature 

6. Aliphatic Shell Chemi- Epoxy Resin 62 ml Araldite Good Good Easy to 60°C 
Epon 812 cal Co .. 100 ml Hardener eliminate 

San Francisco 

7. Acrulite Rubert Co. Methacrylate5 part� Polymer Bad Not No air in- Room lem-
Type GA Ltd., Resin 3 parts Monomer good corporation peratore 

Acru Works. 
Cheadle. 
Cheshire 

8. Stone hard The Dental (Ca-So,), 100 parts Stonehard Good Poor No air in- Room tem-
Manufaclllring H,O 30 parts wa1er corporation peralllre 
Co. Ltd .. 
London 
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Fig. I A. Skin relief profile obtained 
from Rank Taylor Hobson Talysutf 
4. scanned at angle zero. Adult
male·s abdomen. Magnification: 
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ufacturer's instructions and any air bubbles incorporated 
during miidng of 1he cpoxy rcsm were eliminated by plac­
ing the mixed material in a container in an ultrasonic 
cleaner (Dawe Soncleaner type 6442 A or Ponsonic 
S.C.M.A. PONS) for about 15 min. A "'all of frcshly
mixed Silflo wa, constructed upon the negative replica so 
as to enclose an approximately 12 mm diameter area to be 
reproduced. The prcpared epoxy resin was then slowly 
llowed into the prepared wall, thoroughly coating thc im­
pression surface. It is convenient for measurcment pur­
poses to have the �urface and base of the cast nearly 
parallel. A jig was constructed which allowed a glass 
slide to be held parallel 10 the �lide supporting the 
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Fig. 2. Meaning of R,, parameter Rn

= l/LJl•.,.ld.,. , where 
I Y.,.j is the amplitude in a given point. 
and fl Y.,. ld., is the hatched area. Accordingly R. is the 
hatched area per unit length. 
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X65 both vertical and horizontal 
(photography of an original irncing). 
Fig . B. Skin relief profile obtained 
from Fcrranti Surfcom 38, scanned 
at angle zero. Atlult mate·s abdo­
men. Magnification: vertical x325. 
horizontal X52 (photogrnphy of an 
original !racing). 

replica. The replica and cast wcre stored at room tempera­
ture for 24 hour� and the hardened cast wa� ,cparated. 

Measuremenr ofsu�face rougltness 
There is a widc variety of devices available for measuring 
the surfacc roughness of engineering material� and com­
ponents. In thc present investigation we used a Ferranti i 
Surfcom 38 (Besam;on)' and a Rank Taylor Hob�on 
Talysurf 4 fitted with a low sensitivity setting (Glasgow) .2 

Both devices draw a stylus system across thc surface of 
the cast. which converts venical displacements into 
electrical signals. The output is in the form of a chart of 
the surface eon figuration (Flg. I) and the signal may also 
be processed 10 provide quantitative measurements of 

' Ecole nationale Superieure de Chronometrie et Mi­
cromecanique, Besan�on.
2Division ofMetrology, National engineering Laboratory. 
Glasgow. 
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and R, parameters. 
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Table 111. Mean and 11a11dard del'iation of coe.fJi­
cie111 of 1·aria1io11 of Rn and R., accordi11g 10 hod\' 
sile a11d directio11 of sc<11111i11g 

The numbers of casts examined are given in parentheses 

Angle Coefficient of variation 
of 

Site scan of R. ofR,, 

Abdomen oo 12.6±6.7 ( 15) 15.9±4.8 ( 14) 
90° 12.5=5.4 (5) 17.1 ±6.2 (14) 

Forearm oo 12.3±6.2 (14) 18.1±9 .3 (14) 
90° 17.5:!:9.4 (14) 20.1±5.2 (14) 

the surface roughness (8). The parameters which were 
used in the present study were the mean Surface rough­
ness (Ra), the maximum peak to valley depth (R,), and 
maximum peak height (R,,). The geometrical significance 
of these parameters is displayed in Fig�. 2. 3. 

Statistical studies have been performed using Stu<lent's 
Hest for paired comparisons. 

Rt:::SULTS 

I. Reprod11c1ibility of the Method

I. Preciseness

The preci�cness of R" and R ,, measuremcnts was 

assessed by the coeflicient of variation (CV) 

(S.D./mean) <n obtained for each of them. The two 

parameters were calculated on both forearm and 
abdomen for 14 individual!>, wirh �cannmg in two 
perpendicular directions (Table LII). The ev values 

were lower 1han 0.2 in 78 % of case� higher than 0.3 
in 6% (Table IV). 

The ev of Ra were on the whole lower than these 

Table [V. Dis1rib111io11 ,�r COl'.{(icie11/s <d' l'<1ria1io11 
(CV) <�/' R. and R µ, irrespeui,·e of hod\' sile vr
direc1io 11 of scw111i11g.

(58)R0 

(56) R,,

CV<0.I 

10 (35 %) 
1112 m

0.l<CV<0.2 0.2<CV

32 (55 9c) 
30 (54 <;f) 

6(10%) 
19 (34 91:) 

of R 1,. This difference ,, as significant with the x2-

1est (p<0.01) and was relatec.l neither to body �ite 

nor angle of scanning. 

2. Relinbillit.,· 

Replicas arc useful for quantitative analysis only if 

they accurately reproduce the contors of the skin's

swface. Two casts (cast I. and cast I Il were

obtained from the two replica� R, and R2 according

to the following scquence

We performed on cast I and cast 11 (2 to 17) of 
parallel seans. at varying angles to the main body or 

limb axis. The comparison of these 2 ca�ts in thc 

same direction of scanning (Table V) showed that 

the means of R .,. as of R v ob1aincd were nearly 

identical. the difference being not statisrically 
�ignilicant (p>0.3l. 

We also compared the casts ma<le from two rep­
licas of the same site on the same person (Table 

V I). The differences in the mean R a or R P of the two 

cast!, were not l>ignificant (p>0.5). 

Table V. Co111pariso11 be/l,·ee11 two cas/J 111adefro111 011e replica (1111der the co11ditio11s 111e11tio11ed in text) 

In columns 4 and 6 are indicated the �tatistical significance (r Student Fisher for paired comparison; in brackets, 
probability figures) 

No. of No. of R 0 (µm) R., (µm) 
sample seans Mean ± S.D. (pi l/ea,1 ± S.D. (p) 

4-1 -0° IO 18.9±2.6 (>0.9) 38.8±6.0 (>0.5) 
4-11-0° 

17 19.0± 1.9 38.1 :r4.9 

4-1-90° 9 17.8± 1.9 (>0.5) 31.1±8.I (>0.5) 

4-11-90" 2 18.3± 1.2 27.5±5.3 

5-1-00 5 17.8±2.7 (>0.3) 39.2±5.1 No difference 
5 -11-0° 

5 16.1±2.9 39.2:!:5.8 

6-1-00 8 13.7::!:2.5 (>0.5) 27.0±6.2 (>0.3) 
6-11-0° 8 13.3±2.2 30.0±6.2 
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Table VI. Two casts obtainedfi-0111 111·0 replicas made 011 the same area (forearm) and both scanned at the 
same angle, 0°, 4-5: man (38 years old), 60--61: man (20 years old) 

Sample and No. of R. (µm) R
0 

(µm) 
orientation seans Mean ± S.D. p Mean ± S.D. p 

4-1-0° 10 18.9±2.6 >0.50 38.8±6.0 >0.50
5-1-0" 5 17.8±2.7 39.2±5.1 
60-1-0°

5 16.6±2.0 >0.50 37.2±6.6 >0.50
61-1-0" 6 14.3± 1.7 32.6±9.1 

Table VII. Compariso11 ofR
a l'al11esforforear111 and abdomen in the same suhject 

Case Angle of Forearm Abdomen 
no. Sex Age scanning R. Ra p 

IOC F 47 o· 14.7±2.4 10.7±1.9 <0.05 
900 15.45±2.1 10.9±0.9 <0.01 

20A M Il oo 14.7±1.2 13.2± 1.0 <0.05 
90° 13.2± 1.4 13.5± I. I NS 

Il B M Il oo 22.0±3.64 15.5±2.3 <0.01 
90" 17.0±2.9 12.95± 1.4 <0.05 

Il. Local Factors Influenci11g the Pro./ile 

and the Microrelief Parameters 

1. Topographica/ variations

The epidermal grooves which form the characteris­
tic skin surface pattern are irregularly disposed. 

Therefore different scannings will cross different 

lines--or, not the same number of lines. This will 

produce changes in the roughness parameters. To 

obtain representative values, multiple parallell 
seans 0.5 mm apart were made allowing mean val­

ues and standard deviations to be calculated for the 

area surveyed. Then two areas (forearm and abdo­

men) of3 persons of different ages (Table VII) were 

compared. The results clearly showed a statistically 

significant difference in roughness parameters, 

while any difference was barely visible on photo­
graphs produced under the scanning electron mi­

croscope. 

2. Directional variations

The characteristic sU1face pattern is oriented and

accordingly the SU1face roughness parameters were

Table VIII. Comparison oj R • and Rtfor different angles of scanning 

(+) indicates hte highest value, (-) indicates the lowest value. CV %: coefficient ofvariation x 100 

Sample No. No. of Body 
site Sex Age Angle seans 

Abdomen M 28 

Forearm M 11 

21-1-0° 

2I-I-30° 

21-1-60° 

21-1-90° 

21-1-120"
21-1-150°

20-(-0°

20-1-30° 

20-1-60° 

20-1-90° 

20-1-120°

20-I-150° 

5 

6 
7 
5 

5 

5 

6 
6 
6 
6 
6 
6 

R. (µm) 

(-) 

(+) 

(-) 

(+) 

Mean ± S.D. ev % 

12.11±0.4 3.5 
12.9 ± 1.5 8.1 
14.3 ± 1.6 I I. I 
13. I ± 1.2 9.1 
15.1 ± 1.5 9.9 
14.2 ±1.0 7.0 

14.7 ±0.5 3.4 
13 0 ±0.5 3.8 
11.6 ±0.4 3.4 
13.2 ±0.6 4.5 
14.1 ±0.4 2.8 
17.1 ±0.9 5.2 

R, (µm) 

(-) 

( +) 

(-) 

( +) 

Mean ± S.D. ev% 

54.4± 5.3 9.7 
61.9± 4.5 7.2 
66.8± 6.6 9.8 
66.2± 6.2 9.3 
72.6±10.9 14.8 
64.0± 6.8 10.6 

72.9± 3.2 4.3 
61.3± 1.0 1.6 
57 .3± 2.0 3.4 
64.0± 1.9 2.9 
73.4± 2.0 2.7 
85.7± 3.4 3.8 
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Fig. 4. SEM photograph!> of two different cast5 obtained 
from the same replica. Cast (Al i!> the original. Arrov. s 
poin1 toa hair which wa!> as long in ca�, (A) as in cast (B) 
bcfore being accidcntally broken. 

significantly direction-dependent. The results of 
multiple parallel scan� made at !>ix different angles 
(0° . 30°. 60°. 120°. 150°) are displayed in Table VIII. 
The two examples wcre taken from abdomen and 
forearm skin on 2 different subjects. For each of 
them one particular direction gave thc highe:.t or the 
lowest value!> of R

8
• and R,. The highe:.t values 

werc at 120° to the body axis for thc abdomen, and 
at 150° to the arm axis for the forearm. The 
minimum values were at O" for the abdomen and at 

30° for the forearm. The differences between the 
extreme values were significant: 11<0.0I for the 
abdomen and p<0.001 for the forearm. 

Acr" /)ermmo,fnl.'r ( Stoc-J../w/m J 59 

DISCUSSION 

The microscopic morphology of the su1face of the 

skin ha5 long been studied by dermatologists and 
anatomi5tS by light microscopy (3. 4. 15) and scan­

ning electron micro!>copy (I, 2. 5, 6. 7. 9. I0. l l. I6. 
18). and described qualitativcly as consisting of 
characteristic skin patterns of epidermal furrows. 

The distribution of these patterns and their varia­

tions with age. sex and disea!>e have also been de-

cribed (3, 19, 20). But these data, bcing only qual­
itative. are of little use in clinical diagnosis or 
in assessing physiological or therapeutical !>kin 

change�. A quantitative approach to this problem 
gives more valuablc information and care serve as 
a useful tool in cxpe1imen1al derma1ology and 
cosmetology. as it allows the detection and meas­
urement of variation� barely visible to the naked 
eye or even under the scanning electron mi­

croscope. The only attempts to produce such 

quantitative descriptions of the surface roughne�:, 

of human �kin were made by Marks. Nicholls, and 
Pearse ( 12. 13) who investigated thc interna! 
structure of the stratum corneum obtained by strip­
ping. using cyanoacrylate. Jn this case. what was 
looked at was not the skin !>Urface itsclf, but thc 

interface :.tratum corneum layers after stripping 
some of 1hem. The most convenient and sat­
isfactory method of examining the skin surface 

structure is by the production of replicas which 
accurately reproduce the structure of the stratum 
corneum. 

Among many impression and cast materials 
commercially availahle. the combination of Silflo 
!>ilicone rubber impression material and Araldite 

MY 753 or 778 was shown to be the most reliable. 
qualitativcly and quantitatively. for reproducing thc 

�kin·s sU1face (Fig. 4). The replica technique has 
the advantage of being rapid and harmless even for 
very young people. It can be repeated many times 

on the !>ame area. The casts can be conscrved for 
long period, of tir ,._ 11vothout any risk of modifica­

tion of the surface pattern. The precision was 

satisfactory. as shown by the good valucs of the 
coefficient of variation (Table 111). The reliability 

wa!> good (Tables V and VI) when the protocol of 
the method was rcspected. cspecially the paral­
lclism of thc superior and inferior surfaces of thc 
cast and thc absence of air bubbles in the Silflo or 

the Aralditc. 
The di ffcrences observed between casts made 

from the ,ame replica (Table V) or from different 



replicas of the same cutaneous area on the same 

individual (Table Yl) provcd non-significant. In 

contrast, we found highly significant differences be­
tween forearm and abdomen skin relief in the same 

person (Table VII). In a given region of the body 

the figures wcrc individual-dependent. 

The su1face parameter values changed according 

to thc angle of scanning (Table VIII). Consi:quenlly 
it is necessary to scan at different angles and find 

which direction should be adopted in order to ob­

tain the most specific results. How many seans 

should be made in the chosen direction? Is it suita­

ble to get a coefficient of variation lower than 0.2. 

This result could sometimes be obtained by only 
two seans, but pe1forming 5 seans systematically 

would afford good precision when the coefficient of 

correlation could not be calculated immediately. 
Which of the parameters is the morc irnportant and 

gives better reliability? R" is the more complete one 

as it reflects the mean amplitude of peaks and 

troughs. R, probably represents the adnexal pores, 

which are not numerous. and accordingly gives 

serious standard errors. Nevertheless these two 

parameters seem complementary. But a corrcct in­

terpretation would require a better knowledge of 

their anatomic nature. which is the objective of a 

work present ly in progress in our Laboratory. 
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