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Abstract

Background. Muscle stretching has been practiced by people for thousands of years. Its effectiveness is well-
proven, but the diversity of the obtained results should prompt a search for causative factors. One of the pos-
sible explanations can be hormonal fluctuations, which occur during the menstrual cycle.

Objectives. To assess the influence of menstrual cycle on the efficiency of static stretching of hamstrings
with special reference to changes in their length.

Materials and methods. A total of 534 young women were recruited for the study, but after applying
the inclusion criteria, only 48 of them have been accepted. The inclusion criteria for the study comprised
areduced length of the hamstring muscles and a reqular menstrual cycle. The whole study included a twofold
examination of hamstring length before and after the stretching (3 x 45 ), performed by a physiotherapist.
All the measurements were carried out 3 times in individual phases of the menstrual cycle.

Results. Statistically significant influence of static stretching upon the length of hamstring muscle was
revealed. A change in the passive knee extension (PKE) test was 13.34% (standard deviation (SD) = 10.97),
and in active knee extension (AKE) test it was 8.46% (SD = 9.26). Hamstrings length demonstrated no dif-
ferences in various phases of the menstrual cycle.

Conclusions. Static stretching is an effective tool for the improvement of the length of the hamstring
muscle in young women. However, the effectiveness of stretching in healthy women is not influenced
by the menstrual cycle phases.
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Background

Stretching in its various manifestations has been
a part of human motor behavior for centuries. It was first
mentioned in India about 5000 years ago, and after that
in China around 2600 BCE.!

In modern times, initially used ballistic exercises were
replaced in the 1960s by static stretching (SS), introduced
as part of the warm-up.>?

Static stretching is an effective form of increasing
the length of the muscle, and the hamstrings (HAMS)
area is most often used one for the therapeutic interven-
tion. The length of the muscle is a measure resulting from
the distance between its attachments. The most common
indicator for the evaluation of the elongating capacity
of a given muscle is the point of discomfort (POD) felt
during stretching.!*

The HAMS flexibility is traditionally measured using
the straight leg raise (SLR) test. Other popular HAMS
flexibility tests are the active knee extension (AKE) test
and the passive knee extension (PKE) test, which mea-
sure the knee joint extension excluding the movement
of the pelvis, which helps to isolate the tested motion.!*-°
The effect of static stretching based on PKE was an in-
crease in the range of motion (ROM) by 7.53° to 9.62°7~° Ac-
cording to the systematic review from 2016, the obtained
results confirmed the effectiveness of the SS, increasing
the length of HAMS by 8.58° in the PKE test and by 8.35°
in AKE test, respectively.l"®

The differences between the tests indicate higher values
in tests performed passively compared to those performed
actively.l*5 Significant differences in HAMS flexibility
were observed among athletes engaging in various sport
disciplines; however, no differences were noted between
the dominant and nondominant leg.1%!

The reasons for increasing the length of muscles after
stretching are not fully understood.!? A long-term exposure
of muscles to elongation stimuli may lead to the structural
changes consisting of the increased number of sarcomeres
in the sequence and changes in muscle stiffness.!31* How-
ever, some researchers claim that the observed improve-
ment in mobility after stretching is not caused by muscle
remodeling, but by an increased tolerance to stretching,
i.e., sensory adaptation.!21>16

The improvements in flexibility occur regardless of
the gender, although the results are significantly better
in women than in men. In the SLR test, women showed 10%
bigger elasticity than men.!! On the other hand, the phe-
nomenon of sensory adaptation to stretching occurred
only in men who also showed higher passive stiffness and
greater sensitivity to pain than women.!° The discrepan-
cies in the results obtained in the conducted researches
lead to the question whether the changes in elasticity are
the result of plastic changes within the muscle subjected
to stretching or whether they are related to the adaptive
changes within the nervous system.!” It is worth noting
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that the level of pain perception may be also influenced by,
among others, gender and the phase of the menstrual cycle.
Female reproductive hormones fluctuating dur-
ing the menstrual cycle affect numerous parameters
of the cardiovascular, respiratory, thermoregulatory and
metabolic systems, which in turn can affect the physiology
of the locomotor system. The presence of estrogen and pro-
gesterone receptors in bones, skeletal muscles, ligaments
and the nervous system has been proven, and the fluctua-
tions in their levels during the menstrual cycle may affect
the physical properties of these structures.!®
The studies showed that the differences in estrogen
levels during the menstrual cycle were associated with
a different amount of collagen-I and -III. In periovulatory
phase, the amount of collagen-III rose whereas the amount
of collagen-I decreased leading to higher tolerance to me-
chanical stretching.!® The risk of anterior cruciate ligament
(ACL) damage increases fourfold with a decrease in passive
stability by 1.3 mm. There is a suspicion that one of the po-
tential causes of this phenomenon may be hormonal
changes occurring in menstruating women.?°-22 At ACL
Research Retreat VIII, the study of hormonal changes dur-
ing the menstrual cycle was considered a priority area for
future research on reducing the risk of ACL injuries.?>2*
The research on the influence of the menstrual cycle
on muscle flexibility is scarce and the results are inconclu-
sive. No significant effect was observed by Teixeira et al.
when testing young women using the Sit And Reach global
mobility test.?” Sung and Kim showed complex changes
in flexibility in the flexor and extensor muscles of the knee
joint during the menstrual cycle. The vastus medialis (VM)
and the semitendinosus (ST) increased their stiffness dur-
ing ovulation, while the vastus lateralis (VL) and the biceps
femoris (BF) remained unchanged.? In a study by Eiling
etal.,, muscle stiffness showed significant variability depend-
ing on the phase of the menstrual cycle, with the lowest lev-
els being reached during the ovulatory phase.?” An inverse
relationship has been found between estrogen levels and
muscle stiffness.?®2?° The force necessary to perform passive
knee flexion movement decreased during ovulation, indi-
cating increased flexibility of these muscles in this phase.°
The potential impact of the cycle phase on the effectiveness
of stretching was assumed by Hoge et al., who therefore
conducted the experiments during the first days of the men-
strual cycle, when the levels of these hormones are low.3!
Despite the widespread use of stretching and the aware-
ness of the need for proper muscle flexibility, there is little
research on the effects of hormonal changes occurring
during the menstrual cycle on the stretching efficiency.
Table 1 presents a summary of the publications in this area
together with the assessment of their methodological qual-
ity, in accordance with the Physiotherapy Evidence Data-
base (PEDro) scale guidelines. As most of the studies were
observational, the obtained scores indicate rather low qual-
ity. On the other hand, the discrepancies in the obtained
results indicate the need for further research in this area.
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Table 1. Summary of the publications with an assessment of their methodological quality in accordance with the Physiotherapy Evidence Database (PEDro)

scale guidelines

Criteria

Teixeira Sung Eiling

etal.? and Kim?® etal.?’

2. Subjects were randomly allocated
to groups

3. Allocation was concealed 1 0

4. The groups were similar
at baseline regarding the most 1 0
important prognostic indicators

5. There was blinding of all subjects 0 0

6. There was blinding of all therapists
who administered the therapy

7. There was blinding of all assessors
who measured at least one key 0 0
outcome

8. Measures of at least one key
outcome were obtained from more
than 85% of the subjects initially
allocated to groups

9. All subjects for whom outcome
measures were available received
the treatment or control condition
as allocated

10. The results of between-group
statistical comparisons are reported 1 0
for at least one key outcome

11. The study provides both point
measures and measures of variability 1 1
for at least one key outcome

Total score 5 2

1. Eligibility criteria were specified yes yes yes

O'Hora Bell Hoge Miyamoto
etal’ etal.?® etal.*® etal.? etal.?
yes yes yes yes yes
1 0 0 0 0
0 0 0 0 0
1 0 0 0 0
1 0 0 0 0
1 0 0 0 0
0 0 0 0 0
1 1 1 1 1
0 0 0 0 0
1 0 0 0 0
1 1 1 1 1
7 2 2 2 2

Objectives

The assessment of the influence of static stretching
on the length of HAMS in various phases of the menstrual
cycle.

Materials and methods

Forty-eight women aged 21-24 were selected out
of 534 women randomly chosen for the study. The study
group was homogenous in terms of parameters such
as age, body weight, height, body mass index (BMI), and
the length of the menstrual cycle. The average age was
21.4 years (standard deviation (SD) = 0.4). The average value
of body weight was 60.34 kg (SD = 7.51), and the average
BMI value in this group was 21.49 (SD = 1.93). The height
of the studied women oscillated between 158 ¢cm and
177 ¢cm (mean 167.34 cm, SD = 6.14 cm). The duration
of the menstrual cycle ranged from 26 to 32 days (mean
29.25 days, SD = 1.74).

The inclusion criteria were: the lack of any orthope-
dic disorders within the spine and lower limbs, shorten-
ing of HAMS above 20° measured using PKE test, BMI

between 18.5 and 24.99, regular menstrual cycle for the last
6 months lasting 28 days (+5 days), and not using hormonal
contraception.

The initial stage of qualification for the research was
the assessment of flexibility of HAMS in the dominant leg.
Only 180 out of 534 (33.7%) women met the assumed cri-
terion of muscle shortening. In the next stage of the study,
the respondents completed an original personal question-
naire. The obtained data excluded participants whose an-
swers eliminated the possibility of precisely determining
the phase of the menstrual cycle. Only 48 (26.6%) women
were qualified for further measurements. The length
of the menstrual cycle for each participant was deter-
mined by averaging the length of her last 6 menstrual
cycles, which allowed to define the phases of the men-
strual cycle:

1. follicular phase (FOL) — from 2" to 5% day of the men-
strual cycle;

2. ovulatory phase (OV) - from 12" to 15 day of
the menstrual cycle;

3. luteal phase (LUT) - from 16" to the 28" day of
the menstrual cycle.

The study involved a therapeutic intervention
of 3 x 45 s static stretching and 2 measurements
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of flexibility of HAMS of the dominant leg performed
before and immediately after this intervention during
each phase of the menstrual cycle. All the measurements
were conducted by the same 2 researchers (A and B) who
had many years of experience in physiotherapy, each
of whom had specific tasks to perform, in accordance
with the prepared test protocol. Researcher B was re-
sponsible for operating the inclinometers and entering
data to the test report. Researcher A performed the tests
but was not informed about the result obtained by re-
searcher B.3

To evaluate the flexibility of HAMS muscles, the follow-
ing tests were used:

Test No. 1. Passive extension of the knee joint to the POD
(PKE test). Before the measurements, a line connect-
ing 2 bone points: the greater trochanter and the lateral
epicondyle of the femur was marked. The lower limb
of the examined subject was bent to the position of 90°
at the knee and hip joints. The subject was informed that
her knee will be passively extended until POD in the back
of the limb. The test was performed 3 times.

Test No. 2. Active knee extension (AKE test). The subject’s
position and inclinometers placement were as in the previ-
ously described test. The participant was instructed to ac-
tively extend the knee joint avoiding hip rotation and pelvic
lifting. The test was repeated 3 times, and the participant’s
task was to perform them with a similar force and speed
during all repetitions of the active movement.

The study of mobility ranges in the knee joint in the tests
was carried out by means of 2 Saunders electronic incli-
nometers (The Saunders Group, Inc., Chaska, USA) at-
tached to the front of tibia and lateral side of femur in all
measurements performed in this project. The BMI was
assessed on Tanita Corporation scales.

Therapeutic intervention consisted of static stretching.
The position was identical to the one used in the measure-
ment phase for the PKE test. The researcher performed
passive extension of the lower limb in the knee joint, while
maintaining the unchanged position in the hip joint un-
til the patient feels POD. This position is held for 45 s for
3 consecutive repetitions with a 15 s interval between
the repetitions.'®

Statistical analysis was performed using IBM SPSS v. 23
software (IBM Corp., Armonk, USA) with a significance
level of a = 0.05.

Basic descriptive statistics were analyzed together with
two-factor analyses of variance (ANOVAs) in the within-
group schema, one-factor ANOVAs in the within-group
schema, Student’s t-tests, and correlation analyses with
Pearson correlation coefficient (r).

The project of the study was approved by Bioethical
Committee of Medical University of Silesia, Katowice,
Poland (approval No. KN'W/0022/KB1/26/17). All subjects
gave their informed consent to participate in the study.
The study was carried out in accordance with the Declara-
tion of Helsinki.
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Results

PKE level depending on the phase
of the cycle and intervention

Static stretching was performed in particular phases
of the menstrual cycle, and the observed difference in flex-
ibility after SS were 8.5°in FOL, 8.5°in OV and 6.6° in LUT
(Fig. 1).
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Fig. 1. Passive knee extension (PKE) level in all 6 measurements

FOL - follicular phase; OV — ovulatory phase; LUT — luteal phase.

There was no statistically significant or even nearly sta-
tistically significant effect of the main phase of the cycle
on PKE (F(2;92) = 0.26; p = 0.772; 2 = 0.01).

However, the main effect of the procedure was statisti-
cally significant (F(1;46) = 230.63; p < 0.001; n = 0.83).
AKE level by cycle phase and intervention

Static stretching was performed in various phases of
the menstrual cycle, and the results of the observed changes
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Fig. 2. Active knee extension (AKE) level in all 6 measurements

FOL - follicular phase; OV — ovulatory phase; LUT - luteal phase.
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in flexibility after SS were 5.1° in the FOL, 5.7° in the OV
and 4.1° in the LUT (Fig. 2).

The next step of the research aimed to verify whether
the AKE level is different depending on the phase of the cy-
cle and whether the measurement was carried out before
or after the intervention.

There was no statistically significant or even nearly
statistically significant effect of the main phase of the cy-
cle on AKE (F(2;92) = 0.03; p = 0.967; n2 = 0). However,
the main effect of the intervention was statistically signifi-
cant (F(1;46) = 76.84; p < 0.001; n? = 0.63). The strength
of the observed effect was very high. As shown in Fig. 2,
higher scores were recorded after the treatment. Addi-
tionally, there was no statistically significant interaction
effect of the examined factors (F(2;92) = 1.64; p = 0.200;
n? = 0.03).

For a better visualization of the changes taking place
after the application of SS, the obtained results were ex-
pressed as a percentage, and the base value for all tested
parameters was the state of the muscle before the interven-
tion (100%). Then, the percentage values after stretching
were compared to the values before stretching in 3 dif-
ferent phases of the cycle. One-factor ANOVAs were
performed in the within-group schema. There were no
statistically significant differences, as shown in Table 2.

Next, it was examined whether the percentage ratio
of the results after stretching to the results before stretch-
ing is different in the case of AKE and PKE. Three paired
samples t-tests were performed, separately in the FOL,
OV and LUT. As shown in Table 3, all the observed dif-
ferences turned out to be statistically significant. Higher
values were recorded for the PKE. The strength of the ob-
served effect in the case of the OV was moderately high,
and in the case of the other 2 phases — low.

The correlations between the PKE and AKE indices were
also examined. The correlation analyses with Pearson cor-
relation coefficient (r) were performed. There were sta-
tistically significant positive relationships between these
indices for the FOL (r = 0.453; p = 0.001), OV (r = 0.606;
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p < 0.001) and LUT (r = 0.432; p = 0.002). The strength
of the relationship in the case of the OV was high, and
moderately high in the other 2 phases.

Discussion

The effectiveness of stretching as well as flexibility de-
pends on the gender and is definitely greater for women.'°
According to some researchers, including Hoge et al,,
it results from the occurrence of the so-called sensory
adaptation through changes in sensory reactivity.3:33
The strength of this phenomenon was significantly higher
in men, but the reasons for these differences are still
the subject of scientific research.3!

This study is an attempt to assess whether the differ-
ences are due to variability associated with the phases
of the menstrual cycle and whether this affects the ef-
fectiveness of SS. In the study, 2 tests were used to assess
the length of the hamstring muscle: AKE and PKE. Both
tests are based on the subjectively perceived end of move-
ment associated with the feeling of discomfort. The re-
sults of both tests confirmed the effectiveness of the SS
in improving HAMS flexibility. The observed change
in the AKE test was 8.46% and it was lower than those
obtained in the PKE test (13.34%), which is consistent with
the results of other studies in this field."*> The improve-
ment of ROM assessed with the AKE test, examined imme-
diately after the intervention, was comparable to the previ-
ous studies with similar methodology resulting in changes
in ROM of 9.62° and 9.1°° In the study by O’Hora et al.,
the SS effect based on the passive extension of the knee
joint was an increase in ROM by 7.53° (PKE).”

When examining the correlations between the AKE and
PKE tests, statistically significant positive relationships
were noted in all phases: strong correlation in the OV
and medium in the FOL and LUT. However, the results
of both tests showed no significant influence of the phase
of the menstrual cycle on HAMS length. There was also no

Table 2. The level of results after stretching as compared to the results before stretching depending on the phase

Follicular phase Ovulation phase

Luteal phase

F ‘ df

M SD M SD
PKE 114.11 13.2 114.32 9.79
AKE 108.42 8.6 109.93 9.67

p-value
M SD
111.6 9.53 097 292 0.384 0.02
107.05 947 1.60 2.92 0.208 0.03

PKE - passive knee extension; AKE - active knee extension; M — mean; SD - standard deviation; df — degrees of freedom; n? - eta-squared.

Table 3. The percentage ratio of the post-procedure results to pre-procedure results for passive knee extension (PKE) and active knee extension (AKE) tests

Follicular 11411 13.20 108.42
Ovulation 114.32 9.79 109.93
Luteal 111.60 9.53 107.05

8.60 3.24 46 0.002 048
9.67 349 46 0.001 0.52
947 3.08 46 0.003 046

M - mean; SD - standard deviation; df — degrees of freedom; t — Student’s t-test result; d — Cohen’s d.



386

significant influence of individual phases on the effective-
ness of using SS within it.

The comparison of these results with the results of other
studies is difficult due to the fact that the assessment
of the efficiency of SS is an innovative project that has
not yet been explored by other researchers. The flexibility
changes occurring during the menstrual cycle are a pos-
sible reference. In a study by Teixeira et al., the whole myo-
fascial superficial back line was assessed with a global test
performed actively in 20 young women. In present study,
no significant influence of the phase of the menstrual cycle
on flexibility was shown. No differences were also observed
in comparison to the results in the control group, to which
24 women using hormonal contraception were recruited.?®
Research on muscle elasticity assessed in various phases
of the menstrual cycle conducted by Miyamoto et al. us-
ing shear wave elastography showed no significant reac-
tion of this variable on muscle stiffness.? The study failed
to prove any effect of the phases and the corresponding
changes in muscles performed close to POD, similarly
to the conditions applied in this study.

The research of Bell et al. brought contrary results.
The HAMS length improved significantly in the OV (89.7—
104.7°), as compared to the FOL (81.7-96.9°).28 However,
the study by Bell et al. remarkably differs from the pres-
ent study. In the study by Bell et al., the assessments were
performed only twice in the OV and FOL, thus omitting
the LUT, which is studied in this project. It was assumed
that the differences in the estrogen level are the highest
when FOL and OV are compared, which would allow to de-
termine their effect on HAMS. Furthermore, SLR test was
applied instead of AKE and PKE tests used in our study.
Also, the value of the SLR test obtained in the study by Bell
et al. is 104.7°; therefore, it is much higher than normal
values for this test, which confirms that patients without
HAMS deficits were admitted for the tests. The effective-
ness of SS in the group of subjects selected in that way
can differ from the strict criteria of selection assumed
in our study. However, the biggest difference results from
the small size of the tested group (n = 8), which constitutes
a high risk of random results.?®

An important element for the interpretation of the ob-
tained results, based on the moment of occurrence of POD,
is the possible effect of the menstrual cycle phases on pain
perception. As both tests assessing the length of HAMS were
based on the subjective flexibility threshold related to POD,
the changes in pain perception can influence the results.
It is assumed that the fluctuations of sex hormone levels
contribute to a higher, clinically and experimentally ob-
served sensitivity to pain in women as compared to the men.
These differences refer to both the higher sensitivity to no-
ciceptive stimuli and pain sensation distribution, but the re-
sults of the research on the influence of hormonal changes
occurring during the cycle on pain perception are ambigu-
ous. Some researchers have indicated regular fluctuations
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of pain sensitivity depending on the cycle phases.3* The re-
search on potential estradiol regulation upon the function-
ing of neurotransmission of the endogenous opioids is a con-
firmation of such thinking. During the OV, a high activity
level of this system, comparable to men’s, was observed.
However, during the FOL, when the estradiol level reaches
its minimum, a reduction of the activity modulating the in-
fluence of opioids on pain perception occurred.

A result of the changes occurring during the menstrual
cycle can be the reduction of tissue sensitivity to nocicep-
tive stimuli during the OV, and the opposite reaction during
the FOL. The influence of the menstrual cycle phase can
also be observed in the differences in sensitivity to com-
pression stimuli applied to muscles. Higher sensitivity
occurred during the FOL than during the OV and LUT.%®
Veldhuijzen et al. studied the effect of the cycle upon
the changes in the brain areas connected with pain, and
presented similar conclusions.?¢ In the systematic review
of 2014, the majority of the studies indicated a possible
effect of estrogen on pain sensitivity, with a clear tendency
for the opposite relationship between these 2 parameters.’
As the self-reporting of pain during the measurement can
be influenced by hormonal changes during menstrual cy-
cle, the objective methods of muscle extensibility assess-
ment would be beneficial to exclude the possible changes
of stretch tolerance on the efficiency of stretching.

Limitations

There are some limitations in this study. First, the as-
sessment of menstrual cycle phase was based on expected
hormonal peak levels, according to data obtained from
a personal questionnaire. The ideal study would evaluate
serum hormonal levels on a regular basis over a period
longer than a single cycle in order to account for cycle
differences, which occur even in women with regular
cycle length. Second, the classical method used in this
study to measure hamstrings flexibility (AKE and PKE
tests) focuses on the maximum range of motion based
on subjective pain response. More advanced methods,
such as isokinetic dynamometry or muscle elastography,
allow for the measurement of objective muscle length and
passive stiffness. The tests used in this project cannot pro-
vide the arguments in the debate over the possible causes
of changes in elasticity after SS related to either stretch
tolerance or tissue remodeling.

Conclusions

The length of the hamstring muscles after SS increased
significantly by 13.34% in the PKE test and by 8.46%
in the AKE test. However, the effectiveness of stretching
in healthy women is not influenced by the menstrual cycle
phases.
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