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Abstract
Introduction: The clitoris is partially responsible for sexual arousal. The integrity of the extracellular matrix is essential for clitoral erection. Sexual
dysfunction is a phenomenon associated with age.
Methods: The clitoris of cadavers of 20- to 80-year-old women was excised
and histologically processed. Stereological analysis was performed to quantify the volumetric density of collagen, elastic fibers, and smooth muscle.
Results: A significant increase in collagen and a decrease in smooth muscle
and elastic fibers were observed in older women.
Conclusions: In short, these changes caused by aging could contribute to
female sexual dysfunction concerning clitoral orgasm.
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The clitoris is a well-known organ essential to the female orgasm. It
is very similar to the penis as it possesses the same embryological development. The clitoris, however, lacks a corpus spongiosum as it is not
related to the urethra. Their similarities mean that the same erection
mechanisms occur, although are less expressive in women due to the
size of the organ [1].
Approximately, 15% of women between 45 and 64 years old are prone
to have female sexual dysfunction (FSD). This condition is characterized
by the presence of one of the following conditions for at least 6 months:
significant delay in orgasm, infrequency or complete absence of orgasm,
less intense orgasm in 75% to 100% of sexual interactions. Its cause is
generally multifactorial and includes biological, psychological, and sociocultural factors [2, 3].
Aging is also associated with a decreased sexual response, sexual
activity, and libido. Hormonal changes that occur in midlife can affect
a woman’s sexual function. Menopause is marked by a decline in ovarian hormone levels, which occurs gradually with natural menopause, but
can be sudden if menopause occurs because of surgery, radiation, or
chemotherapy [4].
It is known that aging affects the extracellular matrix components of
several tissues. Older studies have shown that the clitoris of older women is prone to structural changes, which can lead to FSD. The purpose of
this study is to quantify the volumetric density of the fibrous elements
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of the extracellular matrix of the clitoris in young
and old cadavers through stereological methods.
Methods. This research was approved by the
local research ethics committee (registry number:
89868318.6.0000.5243). Fragments of the clitoris
were obtained from 10 cadavers between 20 and
40 years old (G1) and 10 cadavers over 60 years
old (G2). All cadavers were free of any urogenital
diseases and died as a result of accidents.
These fragments were processed under routine
histological techniques and stained with Masson’s trichrome and Weigert’s resorcin-fuchsin to
observe the fibrous elements of the ECM. Afterward, the volumetric density of the clitoris was
calculated by stereological methods with the aid
of the M42 grid. Each sample generated five histological slides, and five random fields from each
slide were submitted to the stereological analysis
(totaling an analysis of 500 histological fields per
stain and per group) and the volumetric density
of collagen, elastic fibers and smooth muscle was
assessed.
Statistical analysis. Statistical analysis was performed with the SPSS 21 software and the t-test
was used to compare means between groups.
A p-value < 0.05 was considered significant. The
results are shown as %mean and standard deviation (±).
Results. The mean age of the cadavers from G1
was 28 ±4 years old, while the mean age of the
cadavers from G2 was 75 ±6 years old. The stereological analysis of the collagen content (Figure 1)
showed a volumetric density of 24.28 ±9.78% in
G1 and 46.26 ±10.89% in G2 (p = 0.0038). In respect to smooth muscle, the stereological analysis
revealed a mean of 41.04 ±11.20% for the G1 and
37.13 ±9.07% for the G2 samples (p = 0.0217).
Regarding the elastic fibers, there was a mean of
36.56 ±11.42% for the G1 and 29.75 ±4.17% for
the G2 samples (p = 0.3467).

Discussion. Stereology is a known method that
aims to quantify elements of a given tissue in
a three-dimensional perspective. This means that
it considers the tissue as a whole, and not just
the photographic record of a histological slide,
as conventional histomorphometry proposes. In
this sense, stereology aims to reduce observation
and routine histological processing biases. It is
a more objective method than pure observation
and subjective assessment used in histopathology as well [5, 6].
Although several authors analyzed the clitoris
in women of different ages, no study employed
this quantitative resource, which aimed, in the
present study, to observe the quantity of collagen, smooth muscle, and elastic fibers in this
organ.
Regarding the general histology of the clitoris, we observed results consistent with studies
carried out by several authors, which emphasize,
therefore, that the clitoris has a pair of corpora
cavernosa partially separated by a septum, and
both bodies are covered by a thin albugineous
tunic. The corpora cavernosa effectively make up
the erectile tissue of the clitoris and are formed by
irregular sinusoids [7–10].
Tarcan et al. [11] demonstrated age-related
changes in the clitoral ECM. The authors employed histomorphometric methods and observed
similar results to ours: smooth muscle reduction
and collagen increase. Furthermore, the authors
observed atherosclerosis in samples belonging to
elderly cadavers.
In rabbits, Park et al. [12] observed that there
was tissue fibrosis in the clitoris of animals with
atherosclerosis as well as a reduction in the lumen
of the microvessels that supply the cavernous tissue. The authors also demonstrated that there
was a significant loss of smooth muscle, also by
histomorphometric methods.
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Figure 1. Masson’s trichome stain (100×) showing the cavernous tissue of the clitoris in a 23-year-old cadaver (G1)
(A) and an 81-year-old cadaver (G2) (B). Notice the trabeculae of the cavernous tissue limiting well the cavernous
spaces with a regular amount of collagen and smooth muscle in G1, while there is a lack of organized trabeculae
and sinusoids in G2, as well as a dense collagen network, indicating tissue fibrosis
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Tissue fibrosis was also found in rats submitted to arterial hypertension as seen in the study
carried out by Bechara et al. [13]. However, the
authors noted that hypertensive rats had a larger
vascular lumen in the clitoris and vagina, as well as
increased expression of α-actin (smooth muscle)
and tumor growth factor-β in the vascular wall of
the clitoral vessels, consistent with hypertension.
Due to this, Bechara et al. [13] raised the hypothesis that an exacerbated hyperplasia of the
smooth muscle of the cavernous tissue of the
clitoris may cause a disturbance in its function.
However, the present study – as well as previously
cited papers – have shown a decrease in smooth
muscle caused by aging, which is the most likely
mechanism for the cavernous tissue’s inability to
contract and relax harmoniously.
The study performed by Caruso et al. [14] compared the thickness of the smooth muscle of the
clitoris of young, pre- and post-menopausal, and
diabetic women using histomorphometric analysis from images obtained by scanning electron
microscopy. There was a significant reduction in
smooth muscle thickness in older women. Women with diabetes and premenopausal women exhibited the lowest mean thickness of the smooth
muscle.
Alatas et al. [15] aimed to evaluate the flow
of the deep clitoral artery in postmenopausal
women who used hormone replacement therapy
compared to a control group. The authors noted
that hormone replacement significantly increased
the blood flow to the clitoris, which can alleviate symptoms of female sexual dysfunction. Replacement therapy aims to manage the changes
caused by menopause, including sexual response
and libido.
In conclusion, the study presented herein observed by stereological methods that the clitoris
of women over 60 years old had an increase in collagen and a decrease in smooth muscle and elastic
fibers in comparison to women between 20 and
40 years old. This highlights the negative impact
of the aging process on female sexual function.
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