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consist in a rapid oestrogen decrease in the first 6
months, that continues for about 3 years. At the same
times is observed the peak concentration of gonadotrophins5. For the rest of woman life the level of
estradiol and estrone remains constantly very low,
without the typical periodic fluctuation that characterize fertile period6. Before menopause the risk of developing tendon pathology in women is lower than in
men 7 , whereas in older women the incidence of
tendinopathy and tendon rupture is similar to coetaneous men 8,9 . It is also been shown that dynamic
adaptation to mechanic loading may be different between women and men10.
In a recent study conducted by Abate et al. it was observed that in postmenopausal women there is a dramatic increase in asymptomatic rotator cuff tears and
that this higher prevalence was linked also to other
metabolic factors like HDL, fasting glucose and Body
Mass Index (BMI)11.

Summary
The knowledge about tendons and tenocyte biological behaviour during aging and, especially, oestrogen deficiency is limited. Women differ from men
with regard to muscle and tendon, most likely due
to differences in sex hormones activity and tissue
response. To-date the interest in metabolic factors
that may induce tendon disorders is growing. The
aim of this paper is to elucidate the current findings
in the correlation between oestrogen deficiency, aging and tendon pathology and to encourage future
researches to ameliorate assessment and management of tendinopathies in postmenopausal women.
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Introduction
During aging occur paraphysiological changes in the
musculoskeletal system such as decrease in musclemass and strength, alteration of tendon and bone
structure1. It was observed that these alterations are
due to a decrease in collagen synthesis, increase in
free radicals expression and metabolism imbalance in
favor of catabolic activity2,3. It was suggested that in
females the level of estrogen, which decreases drastically in the post-menopause period, plays a crucial
role influencing tendon metabolism and altering the
production of different growth factors 4. Menopause
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Materials and methods
We performed a comprehensive search of PubMed,
Medline, Cochrane, CINAHL, Embase, Sport Discus,
Pedro and Google scholar databases using various
combinations of the keywords ‘postmenopausal
women’, ‘tendinopathy’, ‘tendon’, ‘oestrogen deficiency’, ‘aging’. Selected literature was limited to original
articles and to English, Italian and Spanish languages. This article submits to the ethical standards
of the journal12.

Aging and tendon: preclinical and clinical findings
Tendons primarily consist of collagen, arranged in linear fibrils, in which tenocytes are the main cellular component13. Tenocytes produce collagen, repair proteins,
and matrix proteoglycans. Thus, the function, mechanics and homeostasis of tendon tissue depend on the
activity of tenocyte, which is essential to maintain tendon characteristics by the capacity of remodel extracellular matrix (ECM)14.
Age-related changes in tenocyte behavior are responsible for altered migration and proliferation rate, leading
to ineffective repair processes and increase in frequency of tendon injuries15.
Tsai et al. in an in vitro experiment performed on tenocytes derived from young, middle-age and old SpragueDawley rats, showed that decline in proliferation is di-
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rectly correlated to aging and that aged tenocytes tend
to stop in G0/G1 cellular phase. Furthermore, in tenocytes from old rats, it was observed down-regulation in
cellular senescence-inhibited gene (CSIG), up-regulation in p27 (a CDK inhibitor that arrest cell cycle) and
over-expression of senescence-associated b-galactosidase (SA b-gal) has been proposed to be a universal
marker of aging3,16.Torricelli et al. confirmed the reduction in tenocyte proliferation rate, in an in vitro study on
tenocytes derived from Achilles tendon of rats. Furthermore, it was observed age-related lower production of
collagen I, aggrecan and elastin4. The decrease in collagen I production is in accordance with other studies
performed in vitro and in vivo17-19.
Recently stem cells, which are called tendon-derived
mesenchymal stem cells (TD-MSCs), have been identified both in human and animal tendons 20 . Beside
stenocytes, stem cell population may be involved in
tendon homeostasis and repair, by replacing mature
cells lost, or in the pathogenesis of tendinopathy21.
Ruzzini et al. found that the number of tendon stem
cells and self renewal potential are reduced in old patients compared to young patients, leading a possible
role of impaired stem cell potential and variation in tendon structure during aging22.
Although different studies in various animal models report alterations in tendon stiffness, fibril structure and
collagen content during aging, the findings of modifications in tendon mechanical properties are contradictory23. Wood et al. found age-related increase in tangent modulus in old rats tibialis anterior tendon, but no
differences in cross sectional area (CSA) or in fibril diameter and morphology 24. Similar results were obtained in tibialis anterior and flexor digitorumlongus
muscle tendons with a significant increase of the elastic stiffness with aging in rats25,26. On the other hand
there are also evidence to the opposite, with decrease
or constant stiffness related to age27,28. Equally, also
human trials performed are inconsistent, which may
partly be related to methodological study design and
physical activity level differences of the sample. Indeed, some author shave shown alteration in mechanical properties29-32 while others have not shown any
significant variation between young and old patients31,32,34,35. Furthermore, tendon stiffness during
aging may be influenced by the accumulation of Advanced Glycation End-Products (AGEs)36. AGE formation is high in tendon tissue because the turnover
of mature collagen is slow, leaving enough space for
further cross-linking through non-enzymatic reactions 37 . Couppè et al. found that both enzymatic
cross-links and pentosidine, which is a marker of
AGE, where more abundant in the patellar tendon of
old men compared with that of young men and they
supposed that higher non-enzymatic cross-link density
in elderly served to maintain tendon stiffness despite
the diminished collagen concentration33. Li et al. observed that AGE accumulation may significantly reduce collagen fiber sliding without tendon structure
stiffening even if it was reveal a compensatory collagen fiber stretch38.
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Recently, the contribution of non-collagenous proteins
of extra-cellular matrix has been closely studied, considering that age related alterations in proteoglycans
(PGs) may affect the structure and mechanical properties of tendon39. To-date class I small leucine-rich proteoglycans (SLRPs), biglycan and decorin have been
identified as important regulators of tendon development, aging and healing40.

Oestrogen deficiency and tendon: preclinical and
clinical findings
The presence of oestrogen receptors (ER) in tenocytes
is been demonstrated in human and animal
trials41,42.These findings may indicate that tenocytes
are influenced by oestrogen level. Bridgeman et al. observed both ERα and ERβ in normal and disease tendon of male and female patients, without any statistically significant difference. On the other hand the impact
of ovariohysterectomy (OVH) on gene expression in
rabbit resulted different in various tendons that may indicate variances in number and distribution of oestrogen receptors43,44.
Oestrogen level has a direct effect on collagenous tissue in severalpreclinical studies. The reduction of
blood oestrogen level is associated with reduction in
tensile strength45, decrease in collagen synthesis, fibre diameter, density and increase degradation in tendon tissue46.
Circi et al. found a correlation between oestrogen deficiency, down-regulation of collagen turnover and alteration in collagen fibre orientation. Furthermore the
group composed by sham-operated rats exhibits a
greater tenocyte proliferation rate and inflammatory response after an Achilles tendon injury compared with
oophorectomised oestrogen-deficient rats, meaning a
potential role of endogenous oestrogens in improving
tendon healing47. This could be explained by a direct
effect of oestrogen deficiency on tenocytes. Indeed, in
a micro-wound in vitro model, tenocytes derived from
ovariectomised rats show less tenocyte viability, cell migration speed and a poor quality of healed tissue in
comparison not only to tenocytes derived from healthy
young rats but also to tenocytes derived from old rats4.
The reduction in tensile strength and alteration in biomechanical properties are linked not only to the role of
collagen but also to changes in gene expression of other important extracellular matrix (ECM) molecules like
proteoglycans, inflammatory mediators and growth factors. Recently it was observed a 10-fold lower expression of aggrecan and decrease in other PGs (biglycan,
decorin, versican) in OVH rabbits, moreover it was also
measured decrease in tissue inhibitor of metalloproteinase (TIMP-2) and TGF-beta production that is correlated to imbalanced tendon metabolism14,48.
In rabbits tendons the impact of OVH was different for
Achilles tendon comparing to patellar tendon when
evaluated using mRNA levels for genes including collagenes, proteoglycans, proteinases and inflammatory
mediators.This results may indicate that different ten-
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dons have different response to oestrogens and a tendon-specific action of sex hormones49.
Most of studies performed on tendon and oestrogen
deficiency are clinical and are founded on the administration of oestrogen replacement therapy in postmenopausal women50,51. However currently are been
performed trials exclusively in Achilles and patellar tendons. Hormone Replacement Therapy (HRT) with exogenous oestrogen may ameliorate tendon structure
by preserving collagen fibre diameter. Furthermore oestrogen positively influences tendon morphology and
biomechanical properties in postmenopause52. In contrast with these findings, the effects of steroids hormones on tendons seems to be different in young
women. Indeed, while in younger women estrogens
stimulation seems to have negative effects on tendons,
in older post-menopausal women they seems to have
stimulating effects. In fact, in a study performed in
young women, oral contraceptive users group was
found to have lower collagen synthesis rate, compared
to coetaneus control women53.
Conflicting results were obtained combining HRT and
exercise therapy. In rats exercise therapy increases
mature collagen replacement and fibril diameter and
density, while detraining is associated with disorganization in collagen fibre arrangement54.
Cook et al. and Finni et al. reveal positive effect on
Achilles tendon morphology in active postmenopausal
women receiving HRT55,56. On the other hand Hansen
et al. found a negative correlation between tendon
strength and HRT use following one-legged resistance
exercise related to increasing in collagen turnover with
higher immature collagen cross-linking57. The discrepancy could be partially explained by the observation
that oral oestrogen replacement influences liver metabolism58. Specifically, oral administration may reduce circulating level of Insuline-like Growth Factor I (IGF-I)
and Interleukin-6 (IL-6), that are involved in collagen
synthesis during physical activity59. Nevertheless, these
contradictory findings may be consequent to the type of
therapeutic exercise ordered to patients. Indeed, in athlete tendinopathy, eccentric exercise programs are
widely used in the rehabilitation of mid-portion Achilles
and patellar tendon injuries with a successful outcome60. In older adults it has been revealed general
preservation of eccentric strength compared to concentric strength61 and increase muscle mass and strength
in high-intensity resistance training incorporating eccentric contractions relative to traditional training strategies62. Therefore, eccentric exercise may be promising
also in the prevention of tendon disorders in postmenopausal women.

Future perspectives
The relationship between oestrogen deficiency and tendon disorders during aging appears clinical relevant.
Thus more studies are needed to investigate the impact
of menopause in different tendons, especially in upper
limb and in rotator cuff tendinopathy that dramatically
increase in middle-aged women. Improvements in the
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understanding about this argument may rebuild assessment and management in tendon pathology.
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