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Editorial on the Research Topic
Female Hormones: Effect on Musculoskeletal Adaptation and Injury Risk

In the context of sport and exercise, sex differences in body composition and performance are
more than obvious. However, what we know today about musculoskeletal adaptation and injury
risk is predominately applicable to men, as women are vastly underrepresented in research studies.
The preference for including male participants may be explained by fear of liability issues should
pregnancy occur and concerns about the confounding effects of female hormones on research
results (Uhl et al., 2007; Costello et al., 2014), although its precisely the changes in the hormonal
profile which have in particular been associated with musculoskeletal injuries (Hewett et al., 2007).
As a result, there are still many unanswered questions specifically related to the female athlete,
which may put women unnecessarily at risk. With this Research Topic, five papers will add to the
literature by providing interesting results on the association of female hormones, musculoskeletal
changes and injury risk.

The review by Chidi-Ogbolu and Baar nicely discuss effects of estrogen on all musculoskeletal
tissues. Depending on the tissue, injury risk seems differently affected by female hormones. High
estrogen levels may increase muscle mass and strength, while at the same time the mechanical
properties of tendons and ligaments may be compromised.

Pregnancy, being characterized by rising levels of estrogen and progesterone, has also been
thought to be accompanied by augmented connective tissue compliance, which is assumed to lead
to an increase in injury risk (Ritchie, 2003). In contrast to non-evidence based common belief, Bey
et al. (a) did not detect any change in patellar tendon stiffness during pregnancy and no difference
to non-pregnant controls. However, the detected progressive increase in tendon rest length during
pregnancy may potentially reduce joint stability, thereby affecting injury risk.

Muscle function is another important factor which may affect injury risk during pregnancy.
Indeed, in the study by Bey et al. (b) pregnancy did not increase muscle strength although body
mass progressively increased, which possibly increases the risk of falling in the event of balance
perturbations. However, Bey et al. (b) detected an increased muscle thickness and pennation angle
of the vastus lateralis muscle, pointing toward favorable endocrine conditions promoting muscle
growth during pregnancy.
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Legerlotz and Hansen

Female Hormones Affect Musculoskeletal Adaptation

That musculoskeletal adaptation alters depending on
hormonal status is underlined by the paper from Dalgaard
et al., showing that young oral contraceptive users compared to
controls tended to experience a greater increase in muscle mass in
response to a supervised progressive resistance exercise training,
which was supported by a significantly greater increase in type I
muscle fiber cross sectional area. Post-hoc analysis indicated that
it was users of oral contraceptives containing higher levels of
ethinyl estradiol (30 vs. 20 pg/day) who experienced the superior
increase in muscle mass.

While the hormonal status affects the response to exercise,
exercise itself also elicits a hormonal response. In this context, it
was hypothesized that female athletes with secondary functional
hypothalamic amenorrhea would have a blunted endocrine
response to exercise compared with eumenorrheic athletes.
However, Melin et al. could not establish such differences and
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did not detect any signs of overtraining syndrome in the form of
blunted hormonal responses to exercise in any of the investigated
women regardless of menstrual status.

In terms of musculoskeletal adaptation and injury risk
the compiled studies illustrate, that female hormones may
have beneficial and non-beneficial effects at the same time,
making it difficult to find a straight answer. Secondly,
our view on the effect of female hormones is frequently
based on presumptions, highlighting the need for studies
in females.
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