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ABSTRACT 
The aim of this study was to investigate the effect of the different phases of the menstrual cycle (MC) 

on muscular strength performance in resistance exercises. Nine healthy and physically active women, 
aged 27±7 yrs, body mass 58.2±5 kg, height 161.1±4.7 cm and BMI 20.4±2 kg/m2 participated in the 
study. All of them had regular MCs (28-31 days), used oral contraceptives and had been experienced in 
resistance exercises for at least eight months. Muscle strength was evaluated with a 10RM test in the 
following order: leg press 45º, bench press, leg extension and biceps curl. The tests were performed in 
the three phases of the MC: follicular (between the 3rd and 5th day of menses), ovulatory (between 9th 
and 10th days) and luteal (between 17th and 21th days). ANOVA for repeated measures was applied for 
statistical analysis, data were analyzed in the SPSS 15.0 and level of significance was set at 5% (p<0.05). 
No significant statistical differences were observed in the mobilized weight between the MC periods in 
those four exercises. Regarding the leg press exercise, a 5% increment in muscle strength was observed 
on the luteal phase. In the remaining exercises and phases these differences were not observed. In 
conclusion, the phases of the MC did not affect performance of muscular strength in resistance exercise, 
both single and multiple joint, for large or small muscle groups or in different body segments.
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INTRODUCTION
Understanding about the menstrual cycle (MC) and its physiological mechanism is of great importance to 

the comprehension on the many biological alterations which occur at each new cycle and which globally 
reflect on women’s body. Such alterations depend on the integrity and suitable action of the neuroendo-
crine system which, by the activity of its hormones, is responsible for these alterations(1). The normal MC 
varies from 21 to 35 days, with mean of 28 days, and can be divided in three distinct phases: follicular, 
ovulatory and luteal(2,3). 

The follicular phase is characterized by low levels of estradiol and progesterone, which make that 
the uterine filling degenerates and comes off during menstruation, marking the first day of the MC(1). 
Increase in the luteinizing and follicle-stimulating hormone levels signal the beginning of the ovulatory 
phase, in which the estradiol level reaches its peak and progesterone increases. In the luteal phase the 
luteinizing and follicle-stimulating hormones decrease, the follicle closes after releasing from the ovule 
and makes the luteal body, which segregates progesterone(2). If the ovule is not fertilized, the luteal body 
degenerates and stops producing progesterone, the estradiol level decreases and a new MC begins(1).

Some studies have assessed the effect of the hormonal oscillations derived from the MC on physical 
performance(2,4-7). However, the literature presents controversial results(5,7). While some evidence dem-
onstrates there are not significant differences in physiological aspects (O2 consumption, lactate thresh-
old, plasmatic volume, hemoglobin concentration and ventilation) in the three phases of the MC (2), 
other studies(4,8-10) have verified differences in the hormonal concentrations, with no alteration in muscle 
strength between phases. Dias et al.(11) assessed strength in two multiarticular resisted exercises for large 
muscular groups and did not find significant differences between the different phases of the MC. On 
the other hand, Simão et al.(12) assessed the saem exercises and verified that in the follicular phase the 
women presented significant reduction in strength in one of the exercises. Petrofsky et al.(13) observed 
alterations in the isometric strength and correlated such findings with cyclic variation of muscular tem-
perature and straight effects of the MC on the circulation and musculature.

The studies related to strength alterations and MC present clashing results. Research which assessed 
muscle strength approaching some variables of resisted exercises, such as the number of joints and 
muscle mass involved, has not been identified. The aim of this study was to verify the effect of different 
phases of the MC in muscle strength performance in mono and multiarticular resisted exercises, for large 
and small muscular groups and in different body segments. 
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MATERIAL AND METHODS

Participants

Nine healthy and physically active women, mean age of 27 ± 
7 years, body mass 58.2 ± 5kg, stature 161.1 ± 4.7cm and BMI 20.4 
± 2kg/m2 participated in this study. All of them presented regular 
MC (28 to 31 days), use of oral contraception for at least two years 
and eight months of experience in resisted exercises. Women who 
reported disorders related to the MC, use of food supplements or 
ergogenic substances were excluded from the study. The individuals, 
after having been previously clarified on the aims of the investigation 
and procedures through which they would be submitted to, agreed 
to voluntarily participate in the study and signed a Free and Clarified 
Consent Form according to rules in the Resolution 196/96 of the 
National Health Board on research involving humans.

Muscle strength evaluation in 10RM

The 10 repetition maximum test (10RM) application was chosen 
for presenting high correlation with the muscle strength assessed 
in 1RM(14). The test was applied in alternation by segment in the 
following order: leg press 45º, bench press, leg extension and bi-
ceps curl. The exercises were selected due to their dissemination in 
training centers and for their easy performance, and all participants 
have performed the exercises in their training routines for at least 
three months. 

The 10RM test was performed following the protocol proposed 
by Baechle and Earle(15), and initial load was estimated according to 
the usual weight from individual training routines. The test was inter-
rupted at the moment the volunteers were unable to perform the 
complete movement or when voluntarily concentric flaws occurred 
in 10RM. The following strategies were adopted to reduce the error 
gap in the tests: a) standard instructions were given before the test 
so that the volunteer was aware of the entire routine which involved 
the data collection; b) the volunteer was instructed on the exercise 
performance; c) the evaluator was aware of the position adopted by 
the practitioner at the moment of the test, since slight variations in 
the positioning of the joints involved in the movement could trigger 
other muscles, leading to misinterpretation of the obtained scores; 
d) the subjects were verbally encouraged with the purpose to keep 
their motivation level high; e) the additional load used in the study 
was previously measured on a precision scale. Intervals between 
trials in each exercise during the 10RM test were set between three 
and five minutes. Intervals not shorter than 10 minutes were given 
after the load in a given exercise was obtained, before the following 
exercise performance.

The volunteers were oriented not to ingest any stimulating sub-
stance (caffeine or alcohol) and not to perform physical activity on 
the previous day or on the day of the tests.

Experimental protocol

The participants paid four visits to the tests’ location. On day 
one, the following procedures were performed: a) anamnesis and 
PAR-Q questionnaire application(16) to identify possible restrictions 
to the tests performance; b) information compilation on the sue of 
oral contraceptives, menstrual flow regularity and days (collected to 
determine the period of the muscle strength assessment); c) body 
mass (Filizola scale, precision of 100g) and stature measurement 
(Cardiomed stadiometer, precision of 1mm); d) familiarization and 
adaptation to the 10RM test. The tests were performed in the four ex-

ercises in which the muscle strength was going to be subsequently 
assessed. All procedures were explained to the participants and the 
possible doubts clarified. 

On the second, third and fourth days of the visit for collection, 
the volunteers performed the 10RM tests on specific days due to 
the different phases of the MC: follicular (first to seventh day of 
menstrual cycle), ovulatory (eight to 14th day) and luteal (15th to 
28th day). Specific days for the tests application were established to 
reduce possible fluctuations in strength. During the follicular phase, 
the tests were performed between the third and fifth days of the 
menstrual cycle; ovulatory phase between the ninth and 10th day 
and in the luteal phase, between the 17th and 21st day. 

Statistical analysis 

Values distribution normality was verified by the Shapiro-Wilk 
test and after normality was confirmed, parametric procedures were 
adopted. Results were described through descriptive statistics (mean 
± standard deviation) and to test possible differences in muscle 
strength in 10RM due to the MC phases, ANOVA of repeated mea-
surements was applied. The data were assessed in the SPSS 15.0 
software and the significance level kept in 5% (p < 0.05).

RESULTS
Figure 1 presents muscle strength performance in 10RM in the dif-

ferent phases of the MC for the leg press 45º, leg extension, bench 
press and biceps curl exercises. Statistically significant differences have 
not been identified between the periods on the MC in any of the four 
exercises assessed (p > 0.05). In the leg press 45º increment of 5% in 
strength was verified comparing the luteal phase to the follicular phase 
and ovulatory phase. In the remaining phases and exercises these dif-
ferences were not observed.

DISCUSSION
The present study assessed the behavior of muscle strength in 

a 10RM test, using resisted mono and multiarticular exercises for 
large and small muscular groups and in different body segments, 
during the three phases of the MC. Trained, eumenorrheic women 
with use of oral contraceptives for at least two years were selected 
to the be subjects of the experiment. Significant differences were 
not observed in strength in any of the assessed exercises.

The literature reports that the female physiology is affected by the 
hormonal alterations derived from the MC(2,3,6). Nevertheless, it is still con-
troversial whether the endocrine oscillations affect performance during 

Figure 1. Muscle strength behavior in 10RM in the different phases of the men-
strual cycle. Significant differences have not been verified.
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concentrations in the luteal phase, while testosterone remains 
steady during almost the entire MC (20). Thus, the variations in the 
hormonal concentrations would provide better performance in 
the follicular phase. Nevertheless, the evidence does not support 
this statement (4,8-10,17,19).

Reviewing the literature, it is observed that the issue of 
strength performance concerning the different phases of the MC 
still remains controverse(2,5,7). It is important to highlight that, this 
fact can be partly explained by the lack of suitable experimental 
controls as well as the wide variation in the kinds of methods 
used to determine the CM phase (body temperature vs. hormonal 
exams) and in the regulation of the time of the tests (menstrua-
tion vs. next and/or mean, follicular phase vs. ovulatory phase 
vs. mean and /or u next luteal phase during the MC)(12). Other 
authors even speculate that the selection criteria of the requisites 
in some studies is not clearly defined (age, physical aptitude, MC 
history and degree, gynecologic problems, etc) and, sometimes 
the standardization and classification of the pre-exercise, includ-
ing ingestion of a controlled diet as well as the level of activity, 
has been limited (6,21,22).

The findings of this research present practical implications in 
training programs performed in gyms, health clubs or centers. 
Since there is not alteration in muscle strength, it is suggested 
that there is not need to alter the training characteristics (vol-
ume and intensity) due to the MC of women who present similar 
profiles. Moreover, the application of load tests to control and/
or follow-up the training evolution may be performed with no 
phase distinction in the MC.

Some limitations should be considered to extrapolate the re-
sults. Subsequently to the establishment of the inclusion criteria, 
20 women volunteered to participate in the study; however, as 
the collections were carried out, sample loss of 55% took place 
and the experiment was ended with nine women. Nevertheless, 
it is important to highlight that the majority of studies reviewed 
used a reduced number of participants (4,10,11,13,17,19). Another im-
portant limitation was the definition of the beginning and end of 
each phase of the MC. Sharper accuracy in determination of the 
cycle by the measurement of the serum levels of the estrogen/
progesterone ratio in urine or blood (8,23), would allow a more suit-
able interpretation of the results. Time of collection should also 
be considered, since the data were collected in a single MC, and 
according to the literature, variations in the duration of the cycle 
may occur among women or even with the same woman (1,24).

Further studies with higher number of subjects and better 
methodological control should be carried out. Additionally, the 
interaction between the different phases of the MC, strength 
performance and other variables of resisted exercises (interval, 
performance velocity, etc) should also be explored.

CONCLUSION
The phases of the MC do not influence on muscle strength 

performance in resisted exercises, either mono or multiarticular, for 
large or small muscular groups or in different body segments.

All authors have declared there is not any potential conflict of in-
terests concerning this article.

exercises. While some studies show that alterations in estrogen/
progesterone serum concentrations are not sufficient to affect 
physical performance(17,18), other experiments demonstrate bet-
ter performance in some phases of the MC(12,13). The findings 
of the present study could not observe differences in muscle 
strength during 10RM tests performance in the different phases 
of the MC.

Redman and Weatherby(6) verified reduction in anaerobic 
performance in the luteal phase (pre-menstrual) in women who 
did not make use of oral contraceptives, while in the group which 
used the ovarian steroids significant differences have not been 
reported. The authors attributed the results to the hormonal 
control derived from the contraceptives. Since the participants 
in the present study were oral contraceptive users and variations 
in strength were not verified, we may corroborate the speculation 
of the authors mentioned above. Conversely, Giacomoni et al.(19) 
did not observe oscillations in anaerobic performance during 
the MC, regardless of the use of oral contraception, suggesting 
hence that the absence or presence of pre-menstrual symptoms 
or dysmenorrheal could affect performance. Such symptoms are 
derived from the oscillations of estrogen/progesterone during 
the MC. In the pre-menstrual phase, increase of the progesterone 
concentrations is observed, and it is suggested that this hormone 
may negatively influence performance. The post-menstrual phase 
is characterized by high levels of estrogen and higher noradrenalin 
secretion and is related to performance improvement (1). However, 
it is worth mentioning that the physiological functions and sports 
specialization are highly individual (20).

The studies which are closest to the present research concern-
ing methodology were developed by Dias et al.(11) and Simão et 
al.(12). Dias et al.(11) verified the effect of the different phases of 
the MC over strength performance in a 10RM test. Eight trained 
women with regular use of oral contraceptive were assessed. 
The results demonstrated that for the biceps curl exercise sig-
nificant differences in strength have not been found when the 
three phases of the MC were compared. In the leg press exercise, 
variations were observed, with no significant differences in the 
interphase loads though, especially between the first and third 
measurements (follicular and luteal phases, respectively). In con-
clusion, this study also reports that there are not variations in 
muscle strength during the phases of the MC. 

On the other hand, Simão et al.(12) when assessed strength 
performance in 8RM in the same exercises in 19 trained women, 
demonstrated results different from the ones found by Dias et 
al.(11), as well as what was found in the present research. In this 
study(12) the results in the leg press exercise evidenced that in 
the first phase (menstrual) performance decrease was observed 
when compared to the remaining phases. In the biceps curl ex-
ercise significant differences have not been identified between 
phases. The authors suggest that factors such as adaptation to 
the test during collection, motivation level, increase in strength 
and muscle mass involved in the movement performance, may 
have influenced on the results. It is worth stressing that in this 
study four measurements were performed during the MC and 
the women did not use oral contraception.

The possible variation in performance in the different phases 
of the MC is normally explained by hormonal issues. The catabolic 
hormones (progesterone and cortisol) present higher plasma 



25Rev Bras Med Esporte – Vol. 17, No 1 – Jan/Fev, 2011

REFERENCES
1.  Guyton AC, Hall JE. Fisiologia humana e mecanismo das doenças. Rio de Janeiro; Guanabara Koo-

gan; 1999.

2.  Janse de Jonge XAK. Effects of the menstrual cycle on exercise performance. Sports Med 2003;33:833-51.

3. Nattiv A, Loucks AB, Manore MM, Sanborn CF, Sundgot-Borgen J, Warren MP. American College of 
Sports Medicine - Position Stand. The female athlete triad. Med Sci Sports Exerc 2007;39:1867-82.

4. Elliott KJ, Cable NT, Reilly T, Diver MJ. Effect of menstrual cycle phase on the concentration 
of bioavailable 17-beta oestradiol and testosterone and muscle strength. Clin Sci (Lond) 
2003;105:663-9.

5. Constantini NW, Dubnov G, Lebrun CM. The menstrual cycle and sport performance. Clin Sports 
Med 2005;24:e51-e82.

6. Redman LM, Weatherby RP. Measuring performance during the menstrual cycle: a model using 
oral contraceptives. Med Sci Sports Exerc 2004;36:130-6.

7. Rechichi C, Dawson B, Goodman C. Athletic performance and the oral contraceptive. Int J Sports 
Physiol Perform 2009;4:151-62.

8. Janse de Jonge XAK, Boot CRL, Thom JM, Ruell PA, Thompson MW. The influence of menstrual 
cycle phase on skeletal muscle contractile characteristics in humans. J Physiol 2001;530:161-6.

9. Abt JP, Sell TC, Laudner KG, McCrory JL, Loucks TL, Berga SL, et al. Neuromuscular and biome-
chanical characteristics do not vary across the menstrual cycle. Knee Surg Sports Traumatol 
Arthrosc 2007;15:901-7.

10. Kubo K, Miyamoto M, Tanaka S, Maki A, Tsunoda N, Kanehisa H. Muscle and tendon properties 
during menstrual cycle. Int J Sports Med 2009;30:139-43.

11. Dias I, Simão R, Novaes JS. Efeito das diferentes fases do ciclo menstrual em um teste de 10RM. 
Fit Perf J 2005;4:288-92.

12. Simão R, Maior AS, Nunes APL, Monteiro L, Chaves CPG. Variações na força muscular de membros 
superior e inferior nas diferentes fases do ciclo menstrual. R Bras Ci e Mov 2007;15:47-52.

13. Petrofsky J, Al Malty A, Suh HJ. Isometric endurance, body and skin temperature and limb and 
skin blood flow during the menstrual cycle. Med Sci Monit 2007;13:111-7.

14. Pereira MIR, Gomes PSC. Testes de força e resistência muscular: confiabilidade e predição de uma 
repetição máxima: revisão e novas evidências. Rev Bras Med Esporte 2003;9:325-35.

15. Baechle TR, Earle RW. Essentials of strength training and conditioning. Champaign; Human Ki-
nectics; 2008.

16. ACSM. ACSM´s guidelines for exercise testing and prescription. Baltimore, MD; Lippincot Wil-
liams & Wilkins; 2009.

17. Friden C, Hirschberg AL, Saartok T. Muscle strength and endurance do not significantly vary 
across 3 phases of the menstrual cycle in moderately active premenopausal women. Clin J 
Sport Med 2003;13:238-41.

18. Leitão MB, Lazzoli JK, Oliveira MAB, Nóbrega ACL, Silveira GG, Carvalho T, et al. Posicionamento 
Oficial da Sociedade Brasileira de Medicina do Esporte: Atividade física e saúde na mulher. Rev 
Bras Med Esporte 2000;6:215-20.

19. Giacomoni M, Bernard T, Gavarry O, Altare S, Falgairette G. Influence of the menstrual cucle 
phase and menstrual symptoms on maximal anaerobic performance. Med Sci Sports Exerc 
2000;32:486-92.

20. Fleck SJ, Kraemer WJ. Fundamentos do treinamento de força muscular. Porto Alegre; Artmed; 


