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RHEOLOGICAL ANALYSIS OF CONNECTIVE TISSUE*
A BIO-ENGINEERING ANALYSIS OF THE SKIN

BY

M. D. RIDGE,1 AND V. WRIGHT2
From the Rheumatism Research Unit, University Department of Medicine, General Infirmary at Leeds,

and the Royal Bath Hospital, Harrogate

Investigations of the metacarpo-phalangeal joint
of man and the wrist joint of the cat have shown that
the major components of joint stiffness are elastic
and plastic (Wright and Johns, 1960a, b, 1961;
Johns and Wright, 1962). Frictional stiffness con-
tributed very little even in the most badly damaged
joints. Changes in joint stiffness appeared to be due
therefore to changes in the capsule surrounding the
joint.
To study the physical changes in connective tissue

which comprises most of the joint capsule, a rheolo-
gical analysis has been made of skin, since this is the
most readily accessible source of connective tissue
and is dramatically affected by disorders such as
Ehlers-Danlos syndrome (McKusick, 1960). This
disorder also produces decreased stiffness in joints.
Skin is also well known to be affected in rheumatoid
arthritis, which is usually characterized by increased
joint stiffness (Short, Bauer, and Reynolds, 1957).

Previous attempts to investigate the properties of
materials such as skin by theoretical mathematical
analysis have all failed to describe completely the
behaviour of the material, and even if they did, they
would be far too complex to use experimentally
(Frenkel, 1946; Wall, 1942a, b). In the present
work an empirical equation has been found which
characterizes the stress/strain curve produced from
skin, and the parameters in this equation have been
interpreted in terms of various characteristics of the
structure of the skin.

Material and Methods
Autopsy and biopsy specimens from the back, forearm,

and thigh were used. Dumb-bell shaped specimens were
cut from the frozen sample which had previously been
shaved to a thickness of 0 1 in. The test length was

*This paper was given in part at a meeting of the Heberden Society on
November 20th, 1965.
Research Fellow.
Senior Lecturer in Medicine, Consultant Physician in Rheumatology.

1 cm. long and 0 4 cm. wide, with wider portions at the
end to minimize the damage caused by the jaws of the
extensometer.
The extensometer has been described in detail elsewhere

(Ridge and Wright, 1965, 1966). The specimen was
mounted between the jaws of the machine so that they
gripped the wider portions. It was extended at 0-2 in.
per min. to the maximum load of 2 kg. From the
stress/strain curve nineteen ordinates were measured at
50-g. intervals from 100 to 1,000 g. These were then
punched on paper tape which was fed into a computer for
the calculation of the results.
The skin on removal from the extensometer was frozen

in liquid nitrogen and crushed. The percentage collagen
was determined by a modification of the method of
Neuman and Logan (1950) introduced by Woessner
(1961). It depended on the determination of the per-
centage of hydroxyproline in the specimen.

General Results
Significance of Stress/Strain Curve

Fig. 1 shows a typical stress/strain curve obtained
for skin, where the vertical axis represents extension
and the horizontal axis the load applied to the
specimen. It was found that this curve could be
divided into three regions by boundaries placed at
approximately 100 and 1,000 g.
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Fig. I.-Stress/strain curve of normal skin, continuing to a load of
1,000 g. Yielding has not occurred.
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ANNALS OF THE RHEUMATIC DISEASES

During the initial stage large extensions were
produced for small applied loads. Histological
investigations carried out in parallel with this
demonstrated that this was due to the orientating of
the fibres in the direction of extension (Wright and
Ridge, 1965). It was found that this part of the
extension could be described by an equation in the
form of a simple logarithmic law:

E = x + y log L
where E= extension

L= load
x and y are constants

The second stage of extension proved to be of
greatest interest. It was found that this could be
described by an equation in the form of a power law:

E= kLb
where k and b are constants

Tests carried out on rat-tail tendon fibres produced a
stress/strain curve characterized by an equation of
exactly the same form (Fig. 2). These fibres are
known to consist of highly-orientated collagen, and
the findings support the suggestion that in this region
of the stress/strain curve for skin orientated collagen
fibres are being considered.
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Fig. 2.-Load/extension curve for rat-tail tendon.

In the third phase of extension yielding occurs
through the structures gradually breaking down and
the fibres sliding over one another until rupture.
The equation characterizing the second portion of

the extension is empirical and is not derived from
theoretical considerations of structure. However,
it has been found possible to attach physical signifi-
cance to the constants in this equation and thus
attribute changes in the results to variations in
specific components of the specimen.

Consider an ideal specimen of unit size which
obeys the law:

E= Lb. .. (1)

Let n such specimens be placed in parallel and
extended. It will require n times the original load
to achieve a given extension and the equation now
becomes:

Lb
E.= b .... (2)

The term n is a co-efficient representing the area of
fibre under load.

If a of the original unit specimens are placed in
series, the extension produced for a given load will be
a times that achieved with a single specimen and the
original equation now becomes:

E= aLb .. ... (3)

The term a represents the relative length of the
orientated fibres. Combining the two expressions:

E= bLb .... ... (4)

a
if k= a

E= kLb .. ... (5)

The term k represents the dimensional characteris-
tics of the specimen. The term b represents the
degree of curvature of the stress strain curve. This
is a measure of the rate at which the stiffness of the
specimen increases and represents a specific property
of the collagen fibres.
The validity of this reasoning was demonstrated by

preparing a number of specimens of various sizes
from a single piece of skin. Table I shows that the
constant k varied as predicted from the size of the
specimen and that the value of the constant b did not
alter (since specimens were prepared from the same
sample and contained the same type of collagen, this
result would be expected).

TABLE I
EFFECT OF CHANGES OF LENGTH AND AREA OF
SPECIMENS OF SKIN TAKEN FROM THE ABDOMEN

OF A WOMAN AGED 75 YEARS

Length (cm.) Area (sq. mm.)

1 2 8 16

0-21 0 41 0-21 0 18
0-20 0.19 0-20 0 20

- - - -

Langer's Lines
The direction of Langer's lines was verified by the

use of an awl, * in. diameter, with a stainless steel
point. A number of holes were made with the awl
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RHEOLOGICAL ANALYSIS OF CONNECTIVE TISSUE

in a cadaver, and the major axes of the elipses formed
when joined produced the pattern shown in Fig. 3.

u

tL.

Fig. 3.-Langer's lines-plotted by joining the major axes of the
ellipses produced by puncturing the skin with a circular awl.

To investigate the effect of the direction in which
the specimens were cut relative to Langer's lines
specimens were cut from a piece of abdominal skin
along and across the direction of Langer's lines.
The extension for a given load for specimens across

Langer's lines was approximately twice that for
specimens cut along the lines. In both directions
the value of b was identical, but the value of k
differed (Table II).

TABLE II
RHEOLOGICAL CONSTANTS FOR ABDOMINAL SKIN OF A

WOMAN AGED 88 YEARS

Direction k b

Along Langer's lines 0-43 0-16
Across Langer's lines 0-64 0-16

Collagen Content
The collagen content of specimens was expressed

as a percentage of the dry fat-free weight of the skin
sampled. The results for female abdominal skin are
shown in Fig. 4.

It was found that, for skin from male forearms and
abdomens and female forearms, the percentage of
collagen did not alter with age. Male abdominal
skin contained 70-1 per cent. collagen (standard
deviation ±4 4). Over the whole age range of 0 to
90 years it was found that the values of the collagen
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Fig. 4.-Variation in collagen content with age in the skin from female
abdomens.

contents for both male and female forearms were
very similar, mean 60-5 per cent. (standard devia-
tion 3 6) and 61-7 (standard deviation L2 54)
respectively.

There was a suggestion in female abdominal skin
of some variation with age. The mean value in the
first 5 years was 65 per cent., between the ages of 24
and 53 years values of 75 per cent. were found, and
in the ninth decade the mean collagen content was
67 per cent., but the data are too few to draw statis-
tical conclusions.

Physiological Changes
Age.- The constants b and k were found to vary

with age. The relation of the constant b to age for
female abdominal skin is shown in Fig. 5.040~~~
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Fig. 5.-Variation of constant b with age for skin from female
abdomens.

It will be seen from the form of the b/age curve
that there was a peak in the region of 40 years. This
was the same for both sexes. In the skin from
females' forearms a similar curve was produced,
although the differences were not so striking. In
the case of skin from male forearms, there was
considerable scatter and no correlation with age
could be deduced.

Because of the relative scarcity of the specimens in
the second, third, and fourth decades, the data were
scanty in this region. There can be no doubt, how-
ever, about the significance of the difference of the
value of b in the decade 55 to 64 (mean 0 35,
standard deviation ± 0-016) compared with the
decade 75 to 84 (mean 0-22, standard deviation
± 0 -009) for female abdominal skin. For male
abdominal skin for the same decades a similar drop

z) 0
00P-0

511

O,1

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.25.6.509 on 1 N

ovem
ber 1966. D

ow
nloaded from

 

http://ard.bmj.com/


ANNALS OF THE RHEUMATIC DISEASES

in the value of b was observed. From the age of 40
years there was a striking correlation between age
and the constant b for skin from male abdomens
(r = 0-985; P < 0-001) and female forearms
(r = 0-972; P< 0-001). This correlation was not
seen in the male forearms (r = 0-05; P > 0* 1).

In both sexes the relationship of the constants to
age followed a similar pattern, but with abdominal
skin the value of the constant b was about 0-07
higher throughout the complete age range.

Site.-The constants differed according to the site
(Table III). Most specimens were obtained from
the abdomen and forearm. The curves for the
constant b in relation to age for the skin of female
abdomens and forearms were similar, but in the
later decades there was much less reduction in the
value of b with advancing age in the forearm skin
than there was in abdominal skin. The fall in this
part of the curve for forearm skin was from 0-44 to
0-36 compared with a fall of 0-44 to 0-14 for
abdominal skin. In the earlier decades the increase
in the value was similar (0 - 27 to 0-44 from birth to
40 years of age) in both sites.

TABLE III
RHEOLOGICAL CONSTANTS FOR SKIN FROM THE

ABDOMEN, FOREARM, AND THIGH IN A
24-YEAR-OLD WOMAN

Over the complete age range the reduction of the
value of the constant k was less for forearm skin than
for abdominal skin.

Pathological Conditions
Protein-Depleted Rabbits.-Two pairs of albino

rabbits were selected at birth, one member of each
pair was fed a normal diet while the other was fed a
diet deficient in protein. On reaching maturity the
rabbits were killed and specimens of abdominal skin
were taken. The thickness of the skin was less in
the protein-depleted rabbits. Skin thickness of
normally-fed rabbits was 0 -049 in. and that of
protein-depleted rabbits was 0 -045 in. The collagen
content dry weight was essentially the same in both,
80-0 per cent. for normal rabbits and 81 -2 per cent.
for protein-depleted rabbits. After compensation
for the reduction of thickness there was no signifi-
cant difference in the values of the constants (Table
IV).

TABLE IV
RHEOLOGICAL CONSTANTS OF SKIN OF NORMAL
RABBITS COMPARED WITH PROTEIN-DEPLETED

ANIMALS

Rabbits k b

Normal 0 37 0*38
Protein-depleted 040 040

Rheumatoid Arthritis.-Six specimens of skin were
tested from four men with rheumatoid arthritis.
The results are summarized in Tables V and VI, and
mean values for subjects without arthritis of the same
sex and age group are compared. All the patients
except Case 1 were receiving prednisolone.

TABLE V
COMPARISON OF RHEOLOGICAL CONSTANTS AND
COLLAGEN CONTENT OF ABDOMINAL SKIN FOR THREE
MEN WITH RHEUMATOID ARTHRITIS COMPARED WITH
MEAN VALUE FOR NON-ARTHRITIC MEN IN THIS AGE

RANGE

Collagen
Case No. Age (yrs) k b Content

(Percentage)

2 66 0-49 0 18 68
3 60 0-68 0-20 67-9
5 54 0 47 0-20 -

Non-arthritic Men 0 36 026 70*1

TABLE VI
COMPARISON OF RHEOLOGICAL CONSTANTS AND
COLLAGEN CONTENT OF FOREARM SKIN FOR THREE
MEN WITH RHEUMATOID ARTHRITIS COMPARED WITH
MEAN VALUE FOR NON-ARTHRITIC MEN IN THIS AGE

RANGE

Collagen
Case No. Age (yrs) k b Content

(Percentage)

1 59 0 39 0*27 58*3
2 66 0 54 0-22 56-0
3 60 0-56 0 30 51-8

Non-arthritic Men 0 55 0 33 60- 5

Discussion
Methodology.-The apparatus developed to carry

out the present work operated on the constant rate
of extension principle. This is more versatile than
the constant rate of loading system used commonly in
the biological field (Krafka, 1937; Hall, 1951a, b;
Morgan, 1960; Morgan and Mitton, 1960). The
system used was one which has been adapted for
many industries, including engineering, leather, and
textiles. Its main advantages lie in the fact that
tests may be carried out under widely-differing
conditions and the results presented in a convenient
and accurate form.

Reproduceability of specimens was obtained by
freezing the skin, cutting it to constant thickness,
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RHEOLOGICAL ANALYSIS OF CONNECTIVE TISSUE

and stamping out specimens with a die. Experi-
ments showed that freezing did not alter the con-
stants measured. Care was taken not to stretch the
skin before testing, since it is a plastic structure
exhibiting creep (Ridge and Wright, 1964).

The Stress/Strain Curve.-For ease of handling
and to avoid complex mathematical theory, a simple
empirical formula was found which described the
stress/strain curve.
Two equations were found to apply. The first

applied up to a load of approximately 100 g. and
was concerned with the orientation of fibres within
the specimen as demonstrated histologically (Wright
and Ridge, 1965). Further exploration of this part
of the curve may yield information about changes in
the ground substance. The second equation applied
between the approximate loads, 100 and 1,000 g.,
these limits being accurately determined by a com-
puter. This region was concerned with the exten-
sion of orientated collagen fibres. Supporting
evidence for this was provided by tests on the
highly-orientated collagen fibres of rat-tail tendon
which showed a stress/strain curve characterized by
exactly the same power law. The process could be
described by two main constants in the equation.
The constant b yielded information regarding the
collagen fibres and gave an indication as to the way
in which the stiffness of the collagen increased as the
extension progressed. The constant k gave infor-
mation regarding the dimensional aspects of the
orientated fibres. This interpretation was verified
by testing specimens of different sizes and specimens
cut in different directions in relation to Langer's
lines.

Physiological Changes. The differences in skin
taken from different areas of the body are in keeping
with the findings of Wenzel (1949), who noted that
thoracic skin was less extensible than abdominal
skin, and those of Dick (1951), who found that skin
from the abdomen was much more extensible than
that from the legs. The value of k decreased with
age. k is a composite term made of the quotient

a
nb

where a is the straightened orientated fibre length and
n is the area of collagen under load. Biochemically
it has been shown that the percentage of collagen,
dry weight, did not differ throughout the age range.
From theoretical considerations the value of n in a
given direction must be constant with age. The
reduction in the value of k with age, therefore,
suggests shortening of the fibres, probably due to

increased cross-linkage and possibly to the fact that
perfect orientation is restricted by increased amounts
of interfibrillar material (Tunbridge, Tattersall, Hall,
Astbury, and Reed, 1952).

It appears that for women changes due to ageing
are less pronounced for forearm skin than for
abdominal skin, both with respect to stiffness in the
collagen (b) and the architecture of the wicker-work
(k). In the case of male forearms the scatter in the
values was large. This may be due to environmental
differences to which patients had been exposed, some
having their forearms exposed to sunlight and
mechanical action. There is evidence that sunlight
not only contributes to the breaking down of elastin
but may also effect collagen in the same way to a
lesser extent (White, 1910; Dick, 1947).

It has been shown that there is great similarity in
the b/age curves for skin from male and female
abdomens; the only difference was that over the
whole age range the value of b for females was 0 * 07
higher than that for males signifying greater exten-
sibility.
The variation of the stiffness of skin with age found

in the present study agrees well with the findings of
Harkness and Harkness (1964) in rabbits and of
Kenedi, Gibson, and Daly (1964) in man. These
differences are statistically significant, particularly
with abdominal skin. The most likely explanation
of the increased stiffness with advancing age after 40
years is that the number of cross-links in the collagen
fibres has increased.

It is clear from the biochemical studies that the
increased stiffness is not due to a greater percentage
of collagen in the skin with advancing years.
Verzair (1963) stated that collagen fibres once
synthesized are permanent and remain for the rest of
life, but are nevertheless subject to a maturing pro-
cess, in which the number of cross-links increase.
This is somewhat at variance with the findings of
Neuberger and Slack (1953) and Slack (1954a) who
believe that the turnover of collagen, while being
very slow, is completed in a cycle of approximately
15 years. There are well-known exceptions to this,
e.g. in the carragenin-induced granuloma (Jackson,
1957), the pregnant uterus (Harkness, 1961), and the
rat limb stripped of skin and enclosed in the animal's
abdomen (Slack, 1954b). In adult life, however, the
turnover of collagen is undoubtedly slow (Slack,
1954a). It is possible that with advancing years the
skin contains a progressively higher proportion of
older collagen which will contain a greater number of
cross-links. Strong evidence to support the cross-
linking theory is that the tensile strength of skin
increases with age. The present work provides
confirmatory evidence of this, since the points of
inflection of difference distribution systems (an
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514 ANNALS OF THE RHEUMATIC DISEASES

indication of the beginning of the yielding process)
appear to be higher with increasing age. This has
also been demonstrated by Verzar (1957), investigat-
ing the thermal shrinkage of collagen fibres.

This theory explains the increase in stiffness with
age but does not explain the increase in the value of
b up to the age of 35 or 40. This implies a reduction
in stiffness. The work of Vohwinkle (1931) pro-
vides support for this suggestion. He investigated
samples of facial skin in the age range of 5 to 101
years and formed the opinion that senile alterations
commenced in the fourth decade, starting in the
epidermis and extending down into the dermis with
advancing years. Alterations involved a degenera-
tion of both elastic and collagenous fibres and
resembled those caused by Roentgen rays and
radium.

Pathological Changes.-In animal experiments,
Fry, Harkness, Harkness, and Nightingale (1962)
have investigated the tissues of lathyritic rats and
chickens and shown that the collagen was un-
changed but that the tensile strength was consider-
ably reduced in rat aorta, chicken skin, and rat
intestine. The extensibility was normal for rat
skin and intestine, but greater for chicken skin.
Protein-depleted rabbits have been used in the
present work to observe the effect of protein deple-
tion on the rheological characteristics of skin. This
was done in parallel with work on the impact load on
sutures in aponeurosis of these animals (Tate, 1964).
It was found that protein depletion reduced the
thickness of skin and aponeurosis but made no
difference to the values of the constants obtained,
indicating that the amount, the meshwork, and the
cross-linkage of collagen fibres was unchanged both
in the skin and aponeurosis.
The application of this technique may provide

information about a variety of connective tissue
disorders. For example, in Ehlers-Danlos syn-
drome, there is alteration in the distensibility of skin,
obvious clinically. This rare disease has attracted
much interest, so that McKusick (1960) quoted 152
references to it over a period of 300 years, yet the
basic pathology is still not elucidated. Wright and
Johns (1960b), using rheological techniques in the
evaluation of joint stiffness, produced evidence in a
single case that the major alteration may be in the
ground substance.

Recently, in the controversy on whether osteo-
porosis is primarily due to a calcium deficiency or to
a defect in the collagen matrix, clinical evidence has
been produced to suggest that there is indeed a
generalized alteration of the collagen affecting the
skin as well as bone (McConkey, Fraser, Bligh, and
Whiteley, 1963). These findings require quantita-

tion and could be investigated further by the use of
the techniques developed in this study. A reduction
in the value of b was a consistent finding in skin
taken from six sites in four patients with rheumatoid
arthritis. The explanation would seem to be that
there was less collagen and that it was stiffer,
probably due to increased cross-linking. The inter-
pretation of the significance of these results must,
however, be tentative at the moment, since some of
the patients were on corticosteroid therapy and this
itself is thought to affect collagen (Chieffi, 1950).

Summary
Using an extensometer developed specifically for

testing skin, techniques have been developed for
preparing specimens of accurate size. It has been
shown that the stress/strain curve for skin may be
described by two simple empirical equations. The
first is of logarithmic form and yields information
regarding the orientation of fibres within the
specimen. The second is a power law which
characterizes the extension of orientated collagen
fibres and yields information regarding the properties
of the collagen.
Data are given regarding the way in which the skin

constants vary with age for both sexes and for the
sites investigated. The significance of these varia-
tions is suggested. Langer's lines have been verified
and shown to be due to a preferential direction of
fibre orientation.
The effect of protein depletion on the rheological

properties of skin in rabbits has been studied. The
results on six specimens from four patients with
rheumatoid arthritis are discussed.

REFERENCES
Chieffi, M. (1950). J. Gerontol., 5, 17.
Dick, J. C. (1947). J. Anat., 81, 201.

(1951). J. Physiol. (Lond.), 112, 102.
Frenkel, J. (1946). "Kinetic Theory of Liquids", p.

454. Clarendon Press, Oxford.
Fry, P., Harkness, M. L. R., Harkness, R. D., and

Nightingale, M. (1962). J. Physiol. (Lond.), 164,
77.

Hall, R. H. (1951a). J. Soc. Leather Trades' Chemists,
35, 11.

(1951b). Ibid., 35, 195.
Harkness, R. D. (1961). Biol. Rev., 36, 399.
Harkness, M. L. R., and Harkness, R. D. (1964). In

"N.A.T.O. Conference on the Structure and
Function of Connective and Skeletal Tissues,
University of St. Andrews, 1964", p. 376.

Jackson, D. S. (1957). Biochem. J., 65, 277.
Johns, R. J., and Wright, V. (1962). J. appl. Physiol., 17,

824.
Kenedi, R. M., Gibson, T., and Daly, C. H. (1964).

"Skin Research"-Report No. 2, Department of
Bio-engineering, University of Strathclyde.

copyright.
 on M

ay 16, 2023 by guest. P
rotected by

http://ard.bm
j.com

/
A

nn R
heum

 D
is: first published as 10.1136/ard.25.6.509 on 1 N

ovem
ber 1966. D

ow
nloaded from

 

http://ard.bmj.com/


RHEOLOGICAL ANAL YSIS OF CONNECTIVE TISSUE 515
Krafka, J. (1937). Arch. path., 23, 1.
McConkey, B., Fraser, G. M., Bligh, A. S., and Whiteley,

H. (1963). Lancet, 1, 693.
McKusick, V. A. (1960). "Heritable Disorders of Connec-

tive Tissue", 2nd ed., p. 135. Mosby, St. Louis.
Morgan, F. R. (1960). J. Soc. Leather Trades' Chemists,

44, 121, 170.
and Mitton, R. G. (1960). Ibid., 44, 2.

Neuberger, A., and Slack, H. G. B. (1953). Biochem. J.,
53, 47.

Neuman, R. E., and Logen, M. A. (1950). J. biol. Chem.,
184, 299.

Ridge, M. D., and Wright, V. (1964). Biorheology, 2, 67.
(1965). Brit. J. Derm., 77, 639.
(1966). Med. electron biol. Eng., in press.

Short, C. L., Bauer, W., and Reynolds, W. E. (1957).
"Rheumatoid Arthritis". Harvard University
Press, Cambridge, Mass.

Slack, H. G. B. (1954a). Nature (Lond.), 174, 512.
(1954b). Clin Sci., 13, 155.

Tate, G. (1964). Personal communication.
Tunbridge, R. E., Tattersall, R. N., Hall, D. A., Astbury,

W. T., and Reed, R. (1952). Clin. Sci., 11, 315.
Verzar, F. (1957). In "Connective Tissue: A Symposium

organized by the Council for International
Organizations of Medical Sciences", ed. under
the direction of R. E. Tunbridge, by M. Keech,
J. F. Delafresnaye, and G. C. Ward, p. 208.
Blackwell Scientific Publications, Oxford.

(1963). Scient. American, 208, No. 4, p. 104.
Vohwinkel, K. H. (1931). Derm. Z., 62, 95.
Wall, F. T. (1942a). J. chem. Phys., 10, 132.

(1942b). Ibid., 10, 485.
Wenzel, H. G. (1949). Zbl. allg. Path. path. Anat., 85, 117.
White, C. J. (1910). J. cutan. Dis., 28, 163.
Woessner, J. F. (1961). Arch. Biochem., 93, 440.
Wright, V., and Johns, R. J. (1961). Ann. rheum. Dis.,

20, 36.
andRidge,M.D. (1965). Engineering(Lond.),199,363.

DISCUSSION
DR. W. HIJMANS (Leiden): From this curve it can be

seen that k goes down with age. At a certain age, k must
cross the horizontal line. What does this mean theoreti-
cally ?
DR. RIDGE: We investigated skin from patients up to

the age of 90 and the line was still quite a long way from
the horizontal axis. We did some biochemical tests to
discover the variation in the collagen content of skin with
age. We found that this did not vary in any noticeable
amount from birth to the time of death at 90-odd. That
was fairly constant and means that the area of fibre in the
specimen remains pretty constant. It would therefore
seem that the fall in the value of k is due to a difference in
the orientation of fibres. This could be due to the fact
that as skin gets older it loses a lot of its "elasticity",
because of a number of factors. The breakdown of
elastin is known to occur and this will influence the
alignment of collagen fibres after excision of a specimen.
DR. J. A. SZIRMAI (Leiden): The question was really at

what point in age does line k cross the horizontal. If
age has some relationship to the collagen fibres one would

like to know whether this is 600 or 800 years. Some
years ago collagen fibres were found to have a maximum
age of 600 years.
DR. W. A. BOURNE (Hove): You began by mentioning

morning stiffness, for example, but then you examined
abdominal skin.
DR. RIDGE: I do not actually remember saying anything

about morning stiffness. Our starting point was stiffness
of joints-the differences in stiffness which we found in
joints we assume to be largely due to changes in the
connective tissue which forms the joint capsule. It is
difficult to obtain specimens, particularly biopsy speci-
mens, from joint capsules, but similar changes are
reflected in the skin.
DR. H. MUIR (London): I wonder, when you have scars

in the surrounding skin, whether the newly-laid down
collagen has the same properties?
DR. RIDGE: We have not yet done any work on this.

Analyse rheologique du tissu conjonctif
Analyse bio-mecanique de la peau

En utilisant un appareil specialement concu pour
mesurer l'extension de la peau, on a mis au point des
procedes pour preparer des prelevements de dimension
appropriee. On sait que la courbe traduisant le degre
d'extension en fonction de la tension exercee represente
deux equations empiriques de formule simple. La
premiere est logarithmique et fournit des renseignements
concernant l'orientation des fibres dans le prelevement.
La deuxieme est potentielle et caracterise l'extension des
fibres collagenes orientees; elle fournit des renseigne-
ments sur les proprietes du collagene.
On offre des donnees concernant la fagon selon laquelle

les constantes de la peau varient avec l'age dans les deux
sexes et en diff6rents lieux de pr6levement. On suggere
une interpretation de ces variations. On a v6rifie les
lignes de Langer et montre qu'elles etaient dues a un sens
preferentiel dans l'orientation des fibres.

L'effet de la depletion protidique sur les proprietes
rheologiques de la peau a ete 6tudi6 chez le lapin. Les
resultats obtenus sur six prelevements chez quatre malades
atteints d'arthrite rhumatismale sont discutes.

Analisis reologico del tejido conectivo
Anilisis biomecanico de la piel

Usando un extensometro especialmente construido, se
perfeccionaron tecnicas para preparar cortes de la piel de
tamanto exactamente apropiado. Se sabe que la curva
extension/tensi6n de la piel se puede traducir por dos
ecuaciones empiricas simples. La primera es de forma
logaritmica y provee informaci6n acerca de la orientacion
de las fibras dentro del corte. La segunda es potencial y
caracteriza la extension de las fibras colagenas orientadas
e informa acerca de las propiedades del colageno.

Se dan detalles sobre la manera en que las constantes
de la piel varian con la edad en ambos sexos y segfun los
sitios investigados. Se sugiere una interpretaci6n de
estas variaciones. Se verificaron las lineas de Langer y
queda demostrado que estas se deben a un sentido pre-
ferencial de la orientaci6n de las fibras.

Se estudiaron en el conejo los efectos de la depleci6n
proteinica sobre las propiedades reol6gicas de la piel.
Se discuten los resultados obtenidos en seis cortes de
cuatro enfermos con artritis reumatoide.
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