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Fluctuations in estrogen levels across the menstrual cycle may influ-
ence musculoskeletal function [1, 2]. Estrogen influences muscle function
and the mechanical properties of connective tissues, including tendons
and ligaments [1]. Estrogen concentrations are the lowest during the early
follicular phase (FP) and the highest during the ovulatory phase (OP) [3, 4].

However, evidence regarding menstrual cycle effects on joint mobility
and muscle strength remains inconclusive. Studies have reported greater
hamstring extensibility during the OP [5, 6] and greater passive knee
extension range of motion (ROM) during the OP and luteal phase (LP)
than during the FP [7]. In contrast, no changes in hamstring stiffness
[6], passive fifth metacarpophalangeal (MCP5) joint extension or cervical
spine rotation [8], or muscle strength, power, and velocity [9] have been
reported. Conversely, other studies found greater isometric muscle force
during the LP than the OP [7] and greater lower-limb muscle strength
during the OP [10].

Given these inconsistent findings, further research is warranted, with
potential implications for sports training, injury prevention, research,
and clinical practice [2]. Therefore, this study aimed to determine wheth-
er selected active ROM measures and handgrip strength differ across
menstrual cycle phases. We hypothesized that these measures would be
greater during the OP than during the early FP and the mid-LP.

Methods. This study was conducted as part of the project “Assessment
of the Psychophysical Aspects of Health in Physically Active Women of
Reproductive Age”, approved by the university bioethics committee (KB
2/2023). Forty-eight women were recruited from the university student
and staff populations. Recruitment was conducted through announce-
ments disseminated via social media and the university. Eligible volun-
teers were enrolled consecutively as they responded to the recruitment
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announcements and met the predefined eligibility
criteria; 45 met the inclusion criteria: age 18-30
years, body mass index (BMI) < 30 kg/m?, regular
menstrual cycles (24-35 days), and at least 150
min/week of moderate- or 75 min/week of vigor-
ous-intensity physical activity. Exclusion criteria
were hormonal contraception or medication, preg-
nancy history, irregular or abnormal-length cycles
[11], musculoskeletal conditions affecting ROM,
and insufficient physical activity. All participants
provided written informed consent.

Participants underwent three assessment ses-
sions during the early FR the OR and the mid-LP.
The FP assessment was performed during men-
struation, the OP within 48 h of a positive urine
One Step LH Ovulation Test, midstream (Testeo,
LOT no. 23081801, Gaobeidian PRISES Biotechnol-
ogy Co., Ltd., Gaobeidian City, Hebei Province, Chi-
na), and the LP approximately midway between
ovulation and the expected subsequent men-
struation. Menstrual cycle phases were estimated
using the mobile application (Flo Health, London,
UK) and established criteria [3, 4].

Active MCP5 joint extension, cervical exten-
sion, and the finger-to-floor distance (FFD) were
assessed with a semirigid tape measure using
standardized procedures described in our reliabil-
ity study [12]. All assessments were performed by
an examiner with excellent intra-rater reliability
(1CC 0.90-0.97) [12].

Handgrip strength was measured bilaterally
using a spring-type dynamometer (EH101, Cam-
ry, Zhongshan, China), with excellent reliability
and validity [13]. The dynamometer was set to
the second handle position. Participants sat in an
armchair with forearms on the armrests, wrists
neutral and just beyond the edges, and thumbs
pointing upward. The dynamometer base rested
on the first metacarpal, with the handle across
the middle of the four fingers and the index finger
flexed approximately 90° around it. Participants
performed maximal grips for 5 s. Three alternat-
ing trials per hand were performed with 1-min
rest intervals; the highest value was analyzed
[14, 15].

An a priori sample size calculation for the pri-
mary outcome, active MCP5 joint extension, was
performed using data from the first 10 partici-
pants. For comparisons between menstrual cycle
phases, the estimated effect size was moderate
(Cohen’s d = 0.57), indicating that 35 partici-
pants were required to achieve 95% statistical
power at o = 0.05. To account for potential drop-
outs, the target sample size was increased to
45 women. Normality and sphericity were as-
sessed using the Shapiro-Wilk and Mauchly
tests, respectively. Cervical extension was ana-
lyzed using one-way repeated-measures ANOVA.
For MCP5 extension, FFD, and handgrip strength,
the Friedman test was used, followed by Wilcox-
on signed-rank tests with Holm correction for
significant effects.

Results. Of the 48 participants screened for el-
igibility, three were excluded (two due to hormon-
al therapy and one due to age > 30 years), leaving
45 participants for the study. All 45 participants
completed the follicular phase assessment; two
subsequently withdrew, and 43 underwent the
ovulatory phase assessment. Three participants
had a negative ovulation test and did not proceed
to the luteal phase assessment. Thus, 40 partic-
ipants completed assessments in all three men-
strual cycle phases and were included in the final
analysis.

Characteristics of study participants are pre-
sented in Table I. Measurement outcomes for the
specific joint/segment active ROM and handgrip
strength are included in Table II.

The Friedman test indicated systematic dif-
ferences between the magnitude of active right
MCP5 extension ROM across the three phases of
the menstrual cycle. Wilcoxon signed-rank test
with Holm correction indicated no differences
between the FP and the OP nor between the FP
and the LP; however, a difference was observed
between the OP and the LP (Figure 1).

RM-ANOVA showed no differences between
the measurements of active cervical extension
ROM across the three phases of the menstrual cy-
cle (F(2, 78) = 0.82; p = 0.45).

Table I. Characteristics of 40 young, healthy, physically active nulliparous women with normal menstrual cycles

Parameter Mean SD 95% Cl Range
Age [years] 21.9 2.27 21.17-22.58 18-29
Body mass [kg] 64.7 6.86 62.56-66.82 53.3-82
Body height [m] 1.68 0.06 1.66-1.70 1.57-1.82
BMI 23.0 2.21 22.31-23.68 19.1-28.6
Cycle length [days] 29.3 2.64 28.51-30.14 24-34
FP [days] 3.3 1.24 2.89-3.66 1-6
OP [days] 17.0 3.18 16.14-18.11 10-23
LP [days] 23.3 3.30 22.43-24.47 17-30

FP —follicular phase, OP — ovulatory phase, LP — luteal phase. Values represent measurement timing (days) from the onset of menstruation.
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Table Il. Measurement outcomes of the specific joint/segment active range of motion* and handgrip strength**in
40 healthy, physically active, nulliparous women during three phases of their normal menstrual cycles

Variable Follicular phase Ovulatory phase Luteal phase
Right MCP5*** extension [cm] 4.9 +0.97 5.0 +0.99 49 +1.0
(4.63-5.24) (4.73-5.34) (4.57-5.19)
Cervical extension [cm] 21.4 +1.57 21.5+1.39 21.3+1.49
(20.93-21.94) (21.01-21.90) (20.87-21.82)
FFD test**** [cm] -5.0£7.01 -5.7 £6.99 —5.1 £7.48
(-7.201-[-2.86]) (-7.821-[-3.49]) (-7.391-[-2.76])
Right-handgrip strength [kg] 26.7 6.0 26 +6.32 26.3 +6.51
(24.88-28.60) (24.03-27.95) (24.24-28.27)
Left-handgrip strength [kg] 24.3 +4.86 24 +5.55 24.1 +5.18
(22.81-25.82) (22.24-25.68) (22.46-25.67)
Dominant-handgrip strength [kg] 26.6 +6.11 26.0 +6.21 26.4 £6.30
(24.75-28.53) (24.11-27.96) (24.48-28.38)
Non-dominant-handgrip strength [kg] 24.4 +4.78 23.9 +5.64 23.9 £5.36

(22.93-25.90)

(22.16-25.66) (22.23-25.55)

Data are presented as means + SD (95% Cl); *tape measurements; **hand dynamometer measurements; ***fifth metacarpophalangeal

Jjoint; ****finger-to-floor distance test.

There was no overall effect of the menstrual
cycle phase on the FFD test outcome [Friedman
test: y2(2) = 1.08, p = 0.58].

The Friedman test revealed no differences
across measurements of right- and left-handgrip
strength performed at the three phases of the
menstrual cycle: 42(2) = 3.28, p = 0.19 and ¥2(2) =
0.79, p = 0.68, respectively.

There were no differences in dominant- and
non-dominant-handgrip strength across meas-
urements at three menstrual cycle phases: x2(2)
= 2.39, p = 0.30 and y2(2) = 1.51, p = 0.47, re-
spectively.

Discussion. This study investigated wheth-
er selected active ROM measures and handgrip
strength differ across the early FR, the OR and the
mid-LP in 40 young, healthy, physically active nul-
liparous women. The hypothesis that ROM and
handgrip strength would be the greatest during
the OP [3, 4] was partially confirmed. Active MCP5
extension ROM was significantly greater during
the OP than the LR but did not differ significant-
ly between the OP and the early FP. The greater
ROM during ovulation may reflect elevated estro-
gen concentrations, which may reduce connective
tissue stiffness and increase extensibility [1, 3, 4].
The absence of a significant difference between
the OP and the early FP may indicate that men-
strual cycle-related changes in tissue extensibility
were too small to affect active ROM, which de-
pends not only on connective tissue properties
but also on neuromuscular activation and volun-
tary movement control. Thus, menstrual cycle-re-
lated changes may be more pronounced when
passive rather than active ROM is assessed. Pre-
vious studies reported greater passive hip flexion
ROM during the OP than the early FP, although the
LP was not assessed [6], and greater passive knee

Right MCP5 joint extension [cm]

Follicular Ovulatory Luteal

Figure 1. Active right fifth metacarpophalangeal
(MCP5) joint extension ROM across the three men-
strual cycle phases in 40 young healthy physically
active nulliparous women; Friedman test: 32(2) =
7.14, p = 0.03; *ovulatory phase vs. luteal phase:
Wilcoxon signed-rank test with Holm correction
(p = 0.004). Bolded horizontal lines — median val-
ues; boxes — interquartile range (IQR), representing
the 25% to 75 percentiles (first and third quar-
tiles); narrow vertical lines (whiskers) — the most
extreme values within 1.5 x IQR from the first and
third quartiles; dots — individual observations

ROM during the OP and the LP than during the
FP [7]. Our finding of no difference between the
FP and the LP is consistent with previous findings
for passive MCP5 extension ROM, although the OP
was not assessed [8].

No significant phase-related differences were
observed in active cervical extension ROM. This
finding is consistent with previous research show-
ing no effect of the menstrual cycle phase on pas-
sive cervical rotation ROM [8]. Similarly, FFD did
not differ across phases, consistent with findings
for the sit and reach test [16], although greater
hamstring extensibility during the OP has also
been reported using the FFD test [5]. These dis-
crepancies may reflect differences in measure-
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ment methods. Both active cervical extension
ROM and the FFD test involve movement of multi-
ple joints/body segments, which may make subtle
changes in the mechanical properties of individual
tissues more difficult to detect. In contrast, mea-
surements targeting a single joint may be more
sensitive to menstrual cycle-related changes.

Handgrip strength did not differ across phases,
supporting evidence of small or negligible men-
strual cycle-related changes in muscle strength
[9, 17]. In contrast, greater lower-limb strength
during ovulation [10] and differences in handgrip
strength across phases [18] have been reported.
However, the latter study did not assess the OP
and did not specify the timing of measurements
within phases [18].

Overall, discrepancies among studies may re-
sult from differences in measurement methods,
phase identification, assessment timing, and par-
ticipant characteristics. A limitation of the present
study is that only active ROM was assessed, which
may be influenced by neuromuscular activation as
well as tissue properties. Subtle changes may also
have been below the detection threshold. Future
studies should assess both active and passive
ROM using precise, reliable methods, standard-
ized phase identification, and assessment timing.
Given the variability in findings across studies,
the menstrual cycle phase should be considered
alongside individual responses and other relevant
factors rather than used as a sole basis for modi-
fying physical training or sports participation, in-
cluding for injury prevention.

In conclusion, this study demonstrated signifi-
cantly greater active MCP5 extension ROM during
the OP than the LR, with no systematic differences
in active cervical extension ROM, FFD test out-
comes, or handgrip strength across the menstrual
cycle. These findings do not support phase-specif-
ic modifications of physical training or sports ac-
tivities based solely on the menstrual cycle phase.
However, the assessment of active ROM may be
insufficient to detect cycle-related changes in
connective tissue extensibility, particularly when
evaluating movements involving multiple joints.
Further research is needed to determine the func-
tional and clinical relevance of the observed active
MCP5 extension ROM difference.
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