
Abstract Scars of human skin can on occasions provide
a very useful ancillary method of identification of an un-
known deceased. If the age of any visible scars can be es-
timated objectively, then this might be of some assistance
in the identification procedure. Melanocytes migrate into
scar tissue as it ages and their number within the epider-
mal basal layers alters during the maturation of a scar. 
A total of 64 scar samples, all from previous surgical
sites, were taken in the course of autopsies. Each scar was
stained by the H & E method and by an immunohisto-
chemical method using polyclonal S100 antibody. The
number of melanocytes in the basal layer was counted in
the epidermis overlying the scar and in the adjacent epi-
dermis. This ratio was matched with the documented age
of the scar and a statistical evaluation was carried out
matching the chronological age of the scars to the
melanocyte/basal epidermal cells ratio. Scars with a dura-
tion between 1 and 3 years showed a mean ratio of 1.85
and a maximum ratio of 1.94, 1.8 years after a surgical op-
eration. The number of basal melanocytes declined there-
after and reached that of the adjacent epidermis after
about 10 years. The immunohistochemical detection of
melanocytes can be used for the diagnostic ageing of scars

which may be a valuable contribution to improve the
identification of unknown deceased persons.
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Introduction

Human melanocytes (HMs) originate from the neural
crest, migrate to the skin and can be detected in skin biop-
sies of human fetuses as early as 11 weeks gestational age.
During the post-natal life, HMs reside in the basal layer of
the epidermis. Laminin-5 is a ligand that attaches HMs at
the lamina lucida of the basement membrane [9]. Because
of their clear cytoplasm, melanocytes are readily identifi-
able by light microscopy as “clear cells” in haematoxylin &
eosin (H&E) stained preparations. After trauma, HMs mi-
grate from the immediately adjacent epidermis into the re-
plenished epidermal defect and recolonise the epidermis
[3, 6].

The purpose of this study was to establish if there is a
correlation between the ratio of melanocytes to basal cells
within the basal layer of the epidermis and the age of scars
[5, 10] and also to ascertain whether this correlation can
be used in a scar of unknown age to accurately estimate
the time that has elapsed since the wound was inflicted to
objectively improve the ageing of scars. This can occa-
sionally prove useful and assist other methods used in the
identification of unknown deceased persons, perhaps mu-
tilated, from the scars that are present on the body.

Material and methods

A total of 64 scar samples were taken from healed surgical scars in
the course of autopsies carried out in the Forensic Medicine Unit
of the Department of Pathology of the University of Edinburgh.
The autopsy samples were available from different age groups and
anatomical sites, all in white Caucasians and the corpses were kept
at 4 °C in a refrigerated chamber for a maximum of 3 days prior to
autopsy.
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The age of scars sampled varied between 10 days and 39 years.
The surgical scars that were chosen had all healed by primary in-
tention with no documented evidence of associated wound infec-
tion or other delayed healing. The scarred skin, including a 1.0 cm
margin of adjacent epidermis, was excised and the margin acted as
an in-built control for the skin constituents for the specific anatom-
ical part of the body. The samples were flattened on to cardboard
and fixed in buffered 10% formalin solution.

Samples were stained with H & E or by the elastic/van Gieson
method. The indirect avidin-biotin-complex method (ABC) was
used on deparaffinised sections which were hydrated and pre-
treated in a microwave (1000 W, 3 × 5 min) and incubated with the
rabbit anti-cow S100 antibody (polyclonal antibody, Z0311, Dako,
Hamburg) at a 1/2,500 dilution.

The number of melanocytes in the basal layer of the epidermis
was counted microscopically under × 180 magnification in 5 visual
fields both in the epidermis overlying the scar and in the adjacent
epidermis. From these the ratio (number of HMs in the scar/num-
ber of HMs in the adjacent epidermis) was estimated. The TBS
buffer was substituted for the primary antibody in the negative
control test. Samples of melanocyte lesions [2] which were stained
with the S100 antibody and ABC kit of the same batch, were used
as the positive control.

The ratio of HMs were matched with the known age of the
scars and statistically evaluated.

Results

Melanocytes in normal skin

Human melanocytes (HMs) can be specifically detected
with the antibody S100 (Fig.1a). The mean number
counted microscopically in five visual fields chosen at
random under this power of magnification was compared
with the number of HMs in the scar. Cells of Langerhans
within the epidermis exhibited an immunohistological
staining reaction, but their characteristic shape and gen-
eral appearance allowed a reliable differentiation and ac-
curate counting.

Ratio of melanocytes to basal epidermal cells in scars

The ratio of melanocytes to basal cells in the scar in-
creased 10 days after a surgical operation. Scars where the
duration was between 1 and 3 years (Fig.1b) showed a
mean ratio of 1.85 (± 0.41) and a maximum ratio of 1.94,
1.8 years after a surgical operation. The mean ratio of
scars aged 3–10 years was 1.36 (± 0.27), scars aged 
10 years or more had a mean ratio of 0.92 (± 0.38). The
number of melanocytes declined thereafter and reached
that of the adjacent epidermis after about 10 years.

A model for the prediction of the most probable scar age

A cubic regression analysis was used to generate a model
for the prediction of the most probable scar age with the
help of the estimated ratio of melanocytes. The predictor
quality with a 95% confidence interval for the individual
cubic regression was satisfactory (P = 0.0001, r2 = 0.8227).

Discussion

The characterisation of the age of scars in skin by esti-
mating the ratio of human melanocytes (HMs) to basal epi-
thelial cells, has not been described previously. Most of
the recent studies which deal with the estimation of the
wound age, have utilised various immunohistochemical
techniques with the emphasis being directed at the con-
nective tissue and vascular changes within the wound [1,
4, 7, 8].

Botella-Estrada et al. [3], in one of the very few histo-
logical reports on scars, described melanocytic pigmenta-
tion in excision scars of melanotic and non-melanotic skin
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Fig.1 A sample of 1.8-year-old scar tissue showing a low number
of human melanocytes (HMs, arrow) in the basal layer of the nor-
mal epidermis (paraffin, ABC × 250) and b increased number of
HMs in the epidermis of the scar/ratio 1.94 (paraffin, ABC × 250)



tumours. These authors estimated that the scarring pro-
cess itself seems to modulate the pigmentation, with the
likely existence of a chemically-mediated induction pro-
cess through which scar tissue acts on HMs of the local
epidermis and directs their migration. Toyoda and Moro-
hashi [11] examined the pathological changes of HMs in
light-damaged skin and in sun-exposed facial skin they
found a statistically significant increase in the number of
HMs, a marked nuclear heterogeneity (shown in ultra-
structural studies), signs of cell activation, close apposi-
tion to light-damaged degenerate keratinocytes, degenera-
tive changes represented by large intracytoplasmatic vac-
uoles and frequent direct contact with the cells of Langer-
hans. Swope et al. [10] demonstrated a statistically signif-
icant decrease in colour strength and number of HMs
from healed skin in cultured skin substitutes after flow cy-
tometric separation.

These findings do not address the same matter being
investigated in our study in that no precise data about the
age-dependant number of HMs in scars have been pub-
lished and the materials and methods for studying HMs
used in these studies were quite different from the current
human autopsy-based study.

In our investigations, the ratio of HMs in the scar in-
creased 10 days after a surgical operation. Scars with a
duration of between 1 and 3 years, showed a mean ratio of
1.85 and a maximum ratio of 1.94, 1.8 years after a surgi-
cal operation. The mean ratio of HMs in scars with a
known duration of 3–10 years was 1.36. Scars as old as 
10 years had a mean ratio of 0.92. The number of
melanocytes declined thereafter and reached that of the
adjacent epidermis after about 10 years.

These results have therefore closed a gap in the diag-
nostic aspects of the ageing of scars. The migration pat-
tern of melanocytes may be a phenomenon which varies
between individuals and perhaps also in different parts of
the body and our investigations are unable to address any
such interindividual differences.

In conclusion, the ratio of HMs to basal epithelial cells
can be used for the estimation of the age of scars. The
method is simple, easy to carry out and well within the
reach of most histopathology laboratories. The results
could be important for the identification of unknown dead

bodies particularly when this finding is added to other cir-
cumstantial evidence already available in cases where
other more classical forms of identification are not avail-
able or possible.
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