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SUMMARY
Background. The evidences suggest that the risk of orthopaedic injury is the highest 
in the ovulation phase of the menstrual cycle.  The change on mechanical proper-
ties of muscle and/or tendon related the higher estrogen concentration in the ovula-
tion phase may be related to the highest risk of orthopaedic injury in ovulation phase. 
The purpose of the study was to investigate the menstrual cycle effect on the stiff-
ness, elasticity and/or tone of the medial gastrocnemius muscle, Achilles and patellar 
tendons. 	
Methods. The study was carried out in 30 healthy sedentary young females. The stiff-
ness, elasticity and/or tone of the medial gastrocnemius muscle, Achilles and patellar 
tendons were measured using a MyotonPRO device. The stiffness, elasticity and/or 
tone of selected muscle and tendons were measured in the follicular, ovulatory, and 
luteal phases to determine the menstrual cycle variation. 
Results. There was no significant difference in stiffness, elasticity and tone of the Achil-
les tendon, patellar tendon and medial gastrocnemius muscle among phases (p > .05).
Conclusions. The results suggest that the menstrual cycle do not affect the stiff-
ness, elasticity and/or tone of the medial gastrocnemius muscle, Achilles and patellar 
tendons.
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BACKGROUND
Females have higher the risk of orthopaedic injuries during 
athletic performance and recreational activities than males 
(1,2). In addition, incidence of many degenerative ortho-
paedic diseases such as osteoarthritis in females is signifi-
cantly higher compared to males (3). It is through that one 
of the contributing factors for higher incidence or risk of 
orthopaedic injury in females is sex difference in hormone 
concentrations especially estrogen concentration (4,5). In 
addition, the evidences suggest that the risk of orthopae-
dic injury is the highest in ovulation phase of the menstrual 
cycle, in which is the highest estrogen concentration (4,5). 
For example, Balachandar et al. (4) revealed that females 
are at the greatest risk of anterior cruciate ligament injury 
during pre-ovulatory phase because of greater ACL laxi-
ty, greater knee valgus, and greater tibial external rotation 
during functional activity. However, it is not completely 

known which factors decrease the joint stability in ovula-
tion phase. 
The changes in mechanical properties of muscle and/
or tendon related the higher estrogen concentration in 
ovulation phase may be a factor affecting the joint stabili-
ty. Estrogen is an important hormone for musculoskeletal 
tissues homeostasis, and an increase in estrogen concen-
tration may cause a decrease in collagen synthesis (6,7). In 
theory, decrease in collagen synthesis could lead to change 
the mechanical properties of muscle, tendon and liga-
ment (8,9), and it may cause a decrease in neuromuscular 
control and/or joint stability (10). Consequently, it may 
lead to predispose to orthopaedic injury. Indeed, there are 
some attempt which investigated the effect of menstrual 
cycle on mechanical properties of muscle and/or tendon, 
but the results of these studies are contradicting. Some of 
these studies revealed a decrease in muscle stiffness and/
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or elasticity in ovulation phase (11,12); however, the other 
reported no significant difference in muscle stiffness and/
or elasticity among the menstrual phases (13,14). Further-
more, there are limited study about menstrual cycle effect 
on tendon mechanical properties, and they used indirect 
methods to determine the differences in tendon mechan-
ical properties (15,16). Identifying the possible differenc-
es on mechanical properties of muscle and tendon during 
menstrual cycle may help us to better understand the 
higher risk of orthopaedic injuries in females and also to 
develop better preventive or treatment strategies. There-
fore, the purpose of the present study was to investigate 
the differences in the elasticity, stiffness and/or tone of 
medial gastrocnemius muscle, Achilles tendon and patel-
lar tendon among the menstrual cycle. We hypothesized 
that the elasticity, stiffness and/or tone of medial gastroc-
nemius muscle, Achilles tendon and patellar tendon 
would be lower in ovulation phase compared follicular, 
and luteal phases. 

MATERIAL AND METHODS

Sample size calculation 
The sample size calculation was performed using the SPSS 
Sample Power 3.0 software (IBM Corporation, Armonk, 
NY). It was estimated that at least 21 females had to be 
included in this study for 80% power with 5% type-1 error 
level to detect a minimum significant difference of 35 N · m 
for muscle stiffness among menstrual phases, when the aver-
age value of muscle stiffness in follicular phase is 242 N · m, 
with a standard deviation of 35 N · m (12).  

Participants
The study was carried out in 30 healthy sedentary young 
females with a normal weigh [age 21.3 (1.6) years; height 
1.66 (0.05) m; weight 55.4 (6.0 kg); body mass index 20.2 
(1.9) kg/m2]. Females, whose body mass index were under 
25 kg/m2, were accepted as a normal weight. Overweight 
and obese females were excluded the study, because high 
level in superficial adipose tissue may cause a decrease 
in reliability and validity of the mechanical property 
measurements. Females, were had not performed regular-
ly exercise for at least 6 months prior to the present study, 
excepted as sedentary individuals. Females were excluded 
from the study if they met any of the following exclusion 
criteria: (1) had a history of pregnancy; (2) had a history 
of contraceptive pill use; (3) had an abnormal duration of 
menses (< 4 day, and > 7 days) and/or menstrual cycle (< 

26 day, and > 30 days); (4) had a history of lower extremity 
injuries, major trauma and/or surgery; (5) had a rheumatic 
and/or systemic disease. The present study was approved 
by the ethics committee of our institution. All partici-
pants provided oral and written informed consent prior 
to experiment.

Experimental protocol
Similar to previous studies (14,17), the menstrual cycle 
was classified into 3 phases; follicular, ovulatory, and lute-
al phases (1–9 days, 10–14 days, and 15–28 days from the 
first day of menses, respectively). Mechanical properties of 
selected muscle and tendons were measured in the central 
days of the 3 phases. The measurements were performed at 
the days between 4 and 6 days in follicular phase, 10-14 days 
in ovulatory phase, and 21-25 days in luteal phase consider-
ing the first day of menses. Researcher, who performed the 
mechanical properties measurements of the selected tissues, 
were blinded to the menstrual cycle of the subjects.  

Mechanical properties measurements 
The mechanical properties measurements of medial 
gastrocnemius muscle, Achilles and patellar tendons were 
performed using a MyotonPRO device. It was reported that 
MyotonPRO device is reliable and valid for measuring the 
mechanical properties of muscle and tendon (18-20). The 
device measures mechanical oscillations of assessed soft 
tissues by a mechanical impulse which is short duration (15 
milliseconds) and involves a constant mechanical force (up 
to 0.6 N). Measuring the mechanical oscillations occurring 
due to mechanical impulse yields the following data: oscil-
lation frequency (Hz), logarithmic decrement and stiffness 
(N · m). Oscillation frequency (Hz) characterises the tone 
(intrinsic tension on the cellular level) of a muscle in its 
passive or resting state without any voluntary contraction. 
Dynamic stiffness (N · m) characterises the resistance to an 
external force or to a contraction. Logarithmic decrement 
characterises its elasticity. Elasticity characterises the ability 
to recover its initial shape after a contraction or removal of 
an external force of deformation.  
Mechanical properties of muscle and tendon in the rest-
ing state were measured on right leg. The measurements 
were carried out at the same time of the day (±1 h) by the 
same operator. In order to prevent confounding effects, 
the participants were asked not to do any strenuous exer-
cises within the 24 h prior to assessments. Based on previ-
ous studies (18-20), mechanical properties of the Achilles 
tendon and medial gastrocnemius muscle were measured 
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when the individuals in prone position with knee exten-
sion and neutral ankle position. The elasticity and stiffness 
measurements of the Achilles tendon were measured at the 
point by 2 cm proximal to the superior aspect of the calca-
neus, because pathological changes in the Achilles tendon 
is commonly seen in this area (21). The tone, elasticity and 
stiffness measurement of the medial gastrocnemius muscle 
were performed at 30 % of the lower leg length distal in 
line with medial malleolus to medial joint of the knee. 
Similar to previous studies (22), the mechanical proper-
ties measurements of the patellar tendon were performed 
when the individuals in supine position with knee flexed 
at 30º. The stiffness and elasticity of the patellar tendon 
were measured at the proximal part of the tendon (point 
by 2 cm distal of the inferior pole of patella) (figure 1). The 
point was selected because pathological changes in patel-
lar tendon is commonly seen in this area (23). Mechanical 
properties of assessed tissues ware calculated by taking the 
average of three successive measurements performed. 

Statistical analysis
Statistical analyses were performed using a statistic soft-
ware (SPSS version 22, IBM, New York, USA). The vari-
ables were investigated using visual (histograms and proba-
bility plots) and analytical methods (Kormogorov-Smirnov/
Shapiro-Wilk’s test) to determine whether or not they 
are normally distributed. For normally distributed vari-
ables, mean and standard values were presented. Repeat-
ed measures ANOVA was used to determine the differ-
ences in the mechanical properties of tendon and muscle 
among menstrual phases. Paired-Samples T-test was used 
to compare the mechanical properties of the gastrocnemius 
muscle, Achilles and patellar tendon in follicular phase. An 
overall %5 Type-I error level was used to infer statistical 
significance. 

RESULTS
The mechanical properties in follicular, ovulatory, and 
luteal phases were measured on 4.8 (0.8) days, 12.0 (0.6) 
and 23.8 (1.3) days from the first day of menses, respec-
tively. It was found that oscillation frequency values of 
the Achilles tendon, patellar tendon and medial gastroc-
nemius muscle were similar in the follicular, ovulatory, 
and luteal phases (p > .05). Similarly, there was no signifi-
cant difference in stiffness of the Achilles tendon, patellar 
tendon and medial gastrocnemius muscle among phases 
(p > .05). Furthermore, the menstrual cycle had no signifi-
cant effect in logarithmic decrement values of the Achilles 

tendon, patellar tendon and medial gastrocnemius muscle 
(p > .05) (table I). 
The paired T test showed that logarithmic decrement value 
of the Achilles tendon was lower than the patellar tendon 
(p < .001), while the Achilles tendon had higher stiffness 
value compared to the patellar tendon (p < .001). More-
over, the medial gastrocnemius muscle stiffness was lower 
than the Achilles and patellar tendons (p < .001), while the 
gastrocnemius muscle elasticity was higher than the Achilles 
tendon (p < .001) (figure 2). 

Figure 1. Measurement point on Achilles tendon, patellar 
tendon and medial gastrocnemius muscle. (a) The elasticity 
and stiffness measurements of Achilles tendon were measured 
at the point of 2 cm proximal to the superior aspect of the 
calcaneus; (b) The tone, elasticity and stiffness measurement 
of the medial gastrocnemius muscle were performed at 30 
% of the lower leg length distal in line with medial malleolus 
to medial joint of the knee; (c) The stiffness and elasticity of 
patellar tendon were measured at the proximal part of the 
tendon (point of 2 cm distal of the inferior pole of patella).
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Table I. Mechanical properties values of Achilles tendon, patellar tendon and medial gastrocnemius in follicular, ovulatory 
and luteal phases (n=30). Data are presented as mean (standard deviation).  

 Parameters Follicular phase Ovulatory phase Luteal phase P
Achilles tendon        

        Oscillation frequency (Hz) 31.0 (2.2) 31.2 (1.9) 31.5 (1.2) .387

        Logarithmic decrement 0.8 (0.1) 0.8 (0.1) 0.8 (0.1) .293

        Stiffness (N · m) 790.0 (83.0) 805.7 (62.9) 817.6 (51.1) .141

Patellar tendon        

       Oscillation frequency (Hz) 17.7 (2.0) 17.6 (1.9) 17.6 (2.0) .921

       Logarithmic decrement 1.0 (0.1) 1.0 (0.1) 1.0 (0.1) .878

       Stiffness (N · m) 367.8 (79.7) 363.3 (79.3) 368.6 (80.3) .435

Medial gastrocnemius muscle        

       Oscillation frequency (Hz) 14.8 (1.8) 14.7 (1.4) 14.7 (1.5) .876

       Logarithmic decrement 1.1 (0.2) 1.0 (0.2) 1.0 (0.1) .260

       Stiffness (N · m) 257.0 (52.5) 252.5 (38.6) 255.9 (43.4) .565

Figure 2. Stiffness, logarithmic decrement and oscillation frequency values of Achilles tendon, patellar tendon and medial 
gastrocnemius muscle in follicular phase.

DISCUSSION
The purpose of the present study was to investigate the 
effect of menstrual cycle on mechanical properties of muscle 
and tendon. We hypothesized that stiffness, elasticity and/
or tone of assessed tissues would be lower in the ovulato-
ry phase compared to the follicular and luteal phases. The 
hypothesis based on the idea that estrogen level is the high-
est in the ovulatory phase, and high estrogen level could 
cause collagen loss (6,7), which could affect the mechani-
cal properties of muscle and tendon (6,8,9). Different from 
our hypothesis, we found that the menstrual cycle had no 
effect on the stiffness, elasticity and/or tone of the Achilles 
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tendon, patellar tendon and medial gastrocnemius muscle. 
There are some studies which investigated the menstru-
al cycle effect on tissue stiffness, but they predominantly 
focused on the muscle stiffness. Saeki et al. (14) investigat-
ed the menstrual cycle effect on the triceps surae muscle 
by shear-wave elastography. Similar to our results, they 
reported that menstrual cycle did not affect the stiffness 
of the triceps surae muscle. On the other hand, Yim et al. 
(11) quantified the muscle tone, elasticity and stiffness of 
lateral gastrocnemius, tibialis anterior and peroneus longus 
muscles in the follicular and ovulation phases by a portable 
myotonometer. They reported that tone of assessed muscles 
was significantly higher in follicular phase than ovula-
tion phase; however, muscle stiffness was similar in both 
menstrual phases. Bell et al. (13) examined the hamstring 
stiffness and extensibility in menstrual phases by modelling 
the knee as a single degree-of-freedom mass spring system 
and measuring maximal passive hip flexion. They revealed 
that hamstring stiffness did not change across the menstrual 
cycle; however, hamstring extensibility increased in ovula-
tion phase. Moreover, Sung and Kim (12) reported that 
muscle tone and stiffness of the vastus medialis and semiten-
dinosus muscles were higher in ovulation phase compared 
to follicular and luteal phases; however, menstrual cycle did 
not affect the muscle tone and stiffness of the vastus lateralis 
and biceps femoris muscles. Lee at al. (24) investigated the 
changes in anterior cruciate ligament elasticity and estradiol 
concentration among the menstrual cycles. They reported 
an increase in estradiol concentration and anterior cruciate 
ligament elasticity during ovulation phase. Balachandar et 
al. 4 revealed that females are at the greatest risk of anterior 
cruciate ligament injury during pre-ovulatory phase because 
of greater ACL laxity, greater knee valgus, and greater tibi-
al external rotation during functional activity. On the other 
hand, Stefani et al. (25) reported that menstrual disorders 
did not affect the body composition and cardiac functional 
pattern in athletes. It seen that there are conflicted results 
about menstrual cycle effect on muscle stiffness. 
It might be expected that menstrual cycle effect must be 
more significant in tendon mechanical properties compared 
to muscle considering estrogen effect in collagen concentra-
tion, because collagen concentration of tendon contains is 
fairly higher than muscle. However, obtained results suggest 
that menstrual cycle does not have any effect on stiffness 
and elasticity of the Achilles and patellar tendons. There 
is limited study which investigated the effect of menstru-
al cycle on tendon mechanical properties. However, tendon 
stiffness was measured with indirect methods in previous 
studies, and other mechanical properties such as elasticity 
and/or tone was not investigated. In a study, Kubo et al. 
(15) investigated the change in tendon stiffness on menstru-

al phases with calculating elongations of the tendon struc-
tures in knee extensors and plantar flexors during isomet-
ric contraction by ultrasonography. They found that tendon 
stiffness was similar in follicular, ovulatory, and luteal 
phases. Burgess et al. (16) reported that there was no signif-
icant difference among menstrual cycle in the mechanical 
properties of medial gastrocnemius tendon calculated elon-
gations of the gastrocnemius fascicle and the aponeurosis 
during isometric contraction. Furthermore, Pearson et al. 
(26) indicated that mechanical properties of the patellar and 
gastrocnemius tendons were similar in follicular, ovulatory, 
and luteal phases. Different from menstrual cycle effect on 
muscle mechanical properties, there is a consensus about 
menstrual cycle effect on tendon mechanical properties. 
The obtained results revealed that the Achilles tendon stiff-
ness was two times more than the patellar tendon stiffness; 
however, the Achilles tendon elasticity was lower than the 
patellar tendon elasticity.  In addition, the medial gastrocne-
mius muscle stiffness was lower than the patellar and Achil-
les tendon. Coombes et al. (27) examined the Achilles and 
patellar tendon stiffness by shear-wave elastography. Similar 
our results, they reported that the Achilles tendon stiffness 
(mean:10.4±1.1 m/s) was higher than the patellar tendon 
stiffness (mean: 6.4±1.2 m/s). Furthermore, Cristi-Sánchez 
et al. (28) investigated the Achilles and patellar tendon stiff-
ness in health participant using MyotonPRO. They report-
ed that the Achilles and patellar tendon stiffness in domi-
nant leg were 1098.0 ± 139.5 N · m and 897.7 ± 190.1 N 
· m, respectively. Difference from obtained stiffness values 
of patellar tendon may be related to selected measurement 
position. Cristi-Sánchez et al. (28) used 90º knee flexion for 
measuring patellar tendon stiffness in males and females; 
however, we used 30º knee flexion position in only females. 
Tension in patellar tendon is higher in 90º knee flexion, and 
it could lead to obtain higher stiffness value. On the other 
hand, standard deviations of obtained mean values were in 
a wide range; however, the study included healthy, seden-
tary and young females with normal weight. The results 
suggest that individual differences have important effect on 
mechanical properties of muscle and tendon. 
The present study has some limitation. First, the study was 
conducted with healthy and young females. The menstru-
al cycle effect on the muscle and/or tendon may be differ-
ent in different population, and pathological condition (29). 
Second, hormone concentration was not measured to classi-
fy the menstrual cycle phase. However, all participants had 
a normal menstrual cycle. Therefore, we think that this situ-
ation did not have a significant effect on the obtained result.  
It was found that elasticity, stiffness and/or tone of medial 
gastrocnemius muscle, Achilles tendon and patellar tendon 
were similar in follicular, ovulatory, and luteal phases. The 
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results suggest that menstrual cycle does not affect the 
mechanical properties of assessed muscle and tendons. In 
addition, Achilles tendon stiffness was higher; however, 
Achilles tendon elasticity was lower than patellar tendon. 
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