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The difference effect of estrogen on muscle tone of medial
and lateral thigh muscle during ovulation
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The purpose of this study was to investigate the difference effect of es-
trogen on muscle tone of medial and lateral thigh muscle during ovula-
tion (OV). Twenty-eight untrained eumenorrheic healthy women tested
muscle stiffness and frequency of vastus medialis, vastus lateralis,
semitendinosus, and biceps femoris during menstrual cycle (MC). MC
were divided into menses (MS), OV, and luteal phase (LP). The muscle
frequency of vastus medialis and semitendinosus were significant high-
erin OV (13.83+ 1.58 Hz, 15.62+2.39 Hz) than LP (13.18+0.85 Hz, 14.67 +
1.62 Hz). Also the muscle stiffness of vastus medialis and semitendino-

INTRODUCTION

Female athletes have elevated a risk of suffering musculoskeletal
and anterior cruciate ligament (ACL) injuries compared with
males that participate in the same sport (Arendt et al., 1999). The
possible explanations include gender related differences in physio-
logical and physical factors, i.e., hormones, ligament size, coordi-
nation, training, strength, endurance, anatomy, and muscle fiber
composition (Costill et al., 1976; Lebrun, 1994; Prince et al.,
1977, Schantz et al., 1983). One of the different factor by female
is regular hormone fluctuation during the menstrual cycle (MC)
and the ovarian hormones, such as estrogen and progesterone, are
known to have a noticeable influence on protein metabolism at
rest and during exercise (Oosthuyse and Bosch, 2010) and to af-
fect the composition and structure of a variety of tissues (Lebrun,
1994). Previous studies reported sex steroid hormones have been
shown to influence collagen, tendon and ligament (Dyer et al.,
1980; Fischer, 1973; Fischer and Swain, 1977; Hama et al., 1976)
and maximum muscle force (Sung et al., 2014). Especially, in-

sus were significant higher in 0V (211.74 + 46.03 N/m, 241.95 + 48.35 N/m)
than LP (184.26 + 26.09 N/m, 215.42 + 35.29 N/m). The present study showed
the highest muscle stiffness and frequency at 0V and this might be due
to the rapid increase of sole hormone in estrogen. Especially, medial
part of quadriceps and hamstrings might be influenced during the MC
with high concentration of estrogen at OV.
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creasing concentrations of estrogen had decreased to synthesize
type collagen in human ACL tissue (Rdsinen and Messner, 2000)
and most recent ACL consensus statement concluded that the risk
of female’s injury is not equal across the MC with the greatest risk
during the pre-ovulatory phase (Beynnon and Shultz, 2008).
Moreover, estrogen increased the concentration of relaxin receptor
in the rat myometrium, thereby enhancing its sensitivity to relax-
in (Mercado-Simmen et al., 1982). Further, Yu et al. (2001) re-
ported that dose dependent effect increase in ACL fibroblast pro-
liferation and active synthesis of pro-collagen type 1 was observed,
when progesterone concentrations were increased as estrogen con-
centrations were held constant. At lower concentrations of estro-
gen 2 (E2), the dose dependent effects of progesterone were more
pronounced than at the higher estrogen concentrations. This phe-
nomenon again confirmed estrogen exerting the more dominant
effect (Yu et al., 2001). In addition, Fischer (1973) demonstrated
that collagen concentration decreased after treatment with estra-
diol in rat tail tendon (Fischer, 1973).

These previous studies demonstrated the concentrations of es-
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trogen and progesterone would be influenced the mechanical
properties of tendon and ligament. On the other hand, the MC
phase does not affect the strength, activation level and twitch
properties of human muscle, peak tension of quadriceps femoris
muscle (Janse de Jonge et al., 2001; Kubo et al., 2009). However,
researchers noted a lack of understanding of which skeletal muscle
may affect joint stability. The purpose of this study was to investi-
gate the difference effect of estrogen on muscle tone and the dif-
ferent phenomenon of agonist and antagonist muscle on lateral
and medial part during the ovulation (OV).

MATERIALS AND METHODS

Participants

Twenty-eight female students were recruited, with a mean age
of 20.0+0.9 years, height of 162.0+6.2 cm, weight of 58.6£7.5
kg, and body mass index 22.4+ 2.8 kg/m’ (Table 1). The subjects
volunteered to participate in this study and were selected from the
following inclusion criteria: healthy physical condition female
without any neurological or movement disorder, nonsmokers,
regular menstruation, no other medications that might interfer-
ence hormone levels and sedentary or recreationally active. The
women entering the study had not been without oral contracep-
tives for at least one year. All subjects volunteered to participate
and gave their written informed consent before the study.

Instruments

The MyotonPRO (MyotonAS, Estonia and Myoton Ltd., Lon-
don, England) is placed perpendicular to the skin over the muscle
belly being test. The device is used under constant preload (0.18
N), to precompress skin, and press a 15-msec mechanical tap at a
pre force (0.4 N), followed by immediately release. Those damped
oscillations are recorded by the testing probe. Nonneural tone and
state of tension are measured from signal spectrum Fmax (FFT —
Fast Fourier Transform). Those results are identified by frequency
(Hz) of the pressed oscillations (Pisano et al., 2000). The Myo-
ton-Pro has a high levels of reliability, (Lidstrom et al., 2009) and

Table 1. General characteristics of participants (n=28)

Characteristic Mean+SD
Age (yr) 20.0+09
Height (cm) 162.0+6.2
Weight (kg) 58.6+75
Body mass index (kg/m?) 224+28

SD, standard deviation.
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it is shown of good construct validity against maximum voluntary
isometric contraction (Zinder and Padua, 2011).

Procedures

Before starting of training, all subjects measured their basal
body temperature to observe regular MC and this result were used
to predict the cycle phases. The subjects measured their basal
body temperature orally with a digital thermometer for one min-
ute every morning throughout the entire study period at the same
time before getting out of bed. Basal body temperature was sug-
gested as an OV indicator and defined as the low point in the
temperature curve seen at the base of the rise to the hyper-thermic
phase (de Mouzon et al., 1984). Laboratory is set up 20 degree
with using a digital thermometer. Subjects initially lay supine for
vastus medialis and vastus lateralis and prone position for semi-
tendinosus and biceps femoris and prevented long-lasting static
muscular tension for at least 10 min prior to the measurement.
Room temperature on the thigh was recorded using a digital ther-
mometer. To maintain consistency of measurement between par-
ticipants and positions, marks were drawn over the skin using a
pen to correspond with 4 muscles on dominant leg: vastus media-
lis, vastus lateralis, semitendinosus, and biceps femoris. Three
consecutive tests were measured and taken at each muscle posi-
tion, giving a mean stiffness and frequency score (Ditroilo et al.,
2011). The entire duration of a MC was divided into menses (MS:
Sth day after menstrual bleeding), OV (increase in body tempera-
ture of at least 0.3°C), and luteal phase (LP: 7th day after OV). All
subjects tested 3 times (MS, OV, and LP) and individually accord-
ing to own MC.

Statistical analysis

SPSS ver. 12.0 (SPSS Inc., Chicago, IL, USA) was used for sta-
tistical analysis in this study. One-way repeated measure analysis
of variance was used to decide the difference effect of estrogen on
muscle tone of medial and lateral thigh muscles in MS, OV, and
LP during MC. Also Bonferroni post hoc test was applied. A cor-
rected P-value was less than 0.05.

RESULTS

The muscle frequency of vastus medialis and semitendinosus
were significant higher in OV (13.83+1.58 Hz, 15.62+2.39 Hz)
than LP (13.18+0.85 Hz, 14.67+1.62 Hz) (P <0.05) (Table 2).
Also the muscle stiffness of vastus medialis and semitendinosus
were significant higher in the OV (211.74+46.03 N/m, 241.95+
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Table 2. Muscle frequency changes throughout the menstrual cycle

Table 3. Muscle stiffness changes throughout the menstrual cycle

Muscles MS (Hz) 0V (Hz) LP (Hz) F

Muscles MS (N/m) OV (N/m) LP (N/m) F

Vastus medialis 1352+131 1383+158* 13.18+0.85 2.341

Vastus lateralis 17.39+227  17.36+232  17.66+2.62 0.170
Semitendinosus 1500+176  1562+239* 1467+162 2.640
Biceps femoris 1396+156  1407+£160  1394+1.34 0111

Vastus medialis  194.74+35.00 211.74+46.03* 184.26+26.09 3654
Vastus lateralis  366.53+73.65 362.84+87.88 348638436  0.772
Semitendinosus  229.16+39.53 241.95+4835* 21542+3529  6.863
Biceps femoris ~ 250.95+4840 242.74+3459 247212978  0.117

Values are presented as mean + standard deviation.
MS, menses; OV, ovulation; LP, luteal phase.
*Significantly different compared to LP (P<0.05).

48.35 N/m) than LP (184.26+26.09 N/m, 215.42+ 35.29 N/m)
(P <0.05) (Table 3). However we did not find significant different
muscle frequency and stiffness of vastus lateralis and biceps femo-
ris between MS, OV, and LP (Tables 2, 3).

DISCUSSION

The purpose of our study was to determine the differences in
muscle frequency and stiffness with estrogen and progesterone
fluctuation during a normal 28- to 30-day MC. The MS, OV, and
LPs of the MC were identified to establish values for basal tem-
perature. We observed muscle frequency and stiffness of vastus
medialis, vastus lateralis, semitendinosus and biceps femoris and
the most important finding of the present study was first, the sig-
nificant higher muscle frequency of vastus medialis in the OV
(13.83+1.58 Hz) than LP (13.18+0.85 Hz) and muscle frequen-
cy of semitendinosus was significant higher in the OV (15.62+
2.39 Hz) than LP (14.67 £1.62 Hz). However we did not find
significant different muscle frequency of vastus lateralis and bi-
ceps femoris in MS, OV, and LP. Secondly, we observed the same
aspect like muscle stiffness of vastus medialis and semitendinosus
were significant higher in OV (211.74+46.03 N/m; 241.95 +
48.35 N/m) than LP (184.26+26.09 N/m; 215.42+35.29 N/m).
However we did not find significant different muscle frequency of
vastus lateralis and biceps femoris in MS, OV and LP. These re-
sults of different phase hormone effect are supported by Wilkerson
and Mason (2000), muscle stiffness and may be influenced by es-
trogen fluctuations across the MC (Eiling et al., 2007).

Estrogen and progesterone are lowest during the menstrual
phase of the cycle. During the follicular phase, estrogen levels rise
dramatically as a result of rising levels of luteinizing hormone,
while progesterone remains relatively low. This hormone fluctua-
tion can be influenced greater knee and ankle laxity values in
comparison to male subject and hamstring injury is extremely
common in female’s athletes (Huston and Wojtys, 1996; Wilker-
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Values are presented as mean + standard deviation.
MS, menses; OV, ovulation; LP. luteal phase.
*Significantly different compared to LP (P<0.05).

son and Mason, 2000). They reported, muscles stiffness is import-
ant to dynamic knee stability during exercise and might be more
important to knee stability than muscular strength (Duan et al.,
1997; Wagner and Blickhan, 2003). Some studies have reported
that the effects of cycling sex hormones on musculoskeletal func-
tion and significant slowing of muscle relaxation and an increased
muscle fatigability during the ovulatory phase (Sarwar et al.,
1996) and muscle stiffness may be influenced by hormonal fluctu-
ations across the MC (Eiling et al., 2007). Estrogen is affected on
the growth and development of bone, muscle and connective tis-
sue and influence collagen (Lebrun, 1994) and collagen metabo-
lism in tendon fibroblasts (Irie et al., 2010). Like previous study,
our results of muscle stiffness and muscle frequency were influ-
enced with hormone fluctuation, especially, we found significant
different just medial part of muscles. The medial part of the rep-
resentative agonist and antagonist muscles showed the highest
muscle stiffness and frequency at OV and the lowest muscle stiff-
ness and frequency at LP. This may be due to the rapid increase of
sole hormone in estrogen and higher value of estrogen/progester-
one ratio at OV can be related to increase of a high muscle stiff-
ness and frequency in OV. Moreover, high hormone concentration
of progesterone and relatively lower hormone concentration of es-
trogen were presented at LP and observed the lowest muscle stiff-
ness and frequency. This might suggest that the highest both hot-
mone level and lower ratio of estrogen/progesterone ratio at LP
than other phases and this hormonal milieu influenced positively
to decrease muscle stiffness and frequency of medial part. Since
surge of progesteron is the highest around LP and progesterone
has antiestrogenic physiological effect.

This area needs further investigation before definitive conclu-
sions can be reached and in later studies, we compared the ratios
of the medial and lateral muscle activities of the knee according to
the MC. There are several limitations associated with our study.
First of this study is that blood hormone concentrations is not
measured, but we did determine menstrual phases by noninva-
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sively measuring basal body temperature. Secondly, the sample
size may have been small, and further larger studies are required
to confirm these results. In conclusion, the present study showed
the highest muscle stiffness and frequency at OV and this might
be due to the rapid increase of sole hormone in estrogen. Especial-
ly, medial part of quadriceps and hamstrings might be influenced
during the MC with high concentration of estrogen at OV. Since
there is different injury risk of muscle and ligament between
menstrual phases, investigator should take this into consideration
for the training program to avoid risk factor.
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