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EFFECT OF MENSTRUAL CYCLE ON MUSCLE STRENGTH AND 

DYNAMIC BALANCE AMONG RECREATIONAL BASKETBALL 

PLAYERS 

 

Ler Chai Hong1, Muhammad Noh Zulfikri bin Mohd Jamali1 

 

1. Department of Physiotherapy, M. Kandiah Faculty of Medicine and 

Health Sciences, Universiti Tunku Abdul Rahman, Malaysia. 
 

ABSTRACT 
 

 

Background and Objective: Menstrual cycle is represented by a biological 

pattern formed by the cyclic variation of the endogenous sex hormones known 

as estrogen and progesterone. Different phases will have varies of hormones 

fluctuation thus the effect of the hormonal fluctuation might lead to sports 

injuries. This research is conducted to investigate the different across early and 

late follicular phase of menstrual cycle on muscle strength and dynamic 

balance among recreational basketball players. 

Methods: A total of 17 recreational basketball players (Age 21.05 ± 0.91years; 

Height 1.62 ± 0.05 m; Weight 53.42 ± 7.52 kg) with a self-reported regular 

menstrual cycle participated in this study. Their muscle strength and dynamic 

balance were measured on their day 1 and day 12 of menstruation. Muscle 

strength was measured by using Handheld Dynamometer (HHD). Dynamic 

balance was measured by using Y-Balance test.  

Results: The main finding were as follow: (1) there was no significant effect 

across early follicular phase as well as late follicular phase on participant’s 

muscle strength (p>0.05), (2) dynamic balance of participants shown a 

significant difference in late follicular phase compared to early follicular phase 

(p<0.05).  

Conclusion: This study reveals no significant different across early and late 

follicular phase of menstrual cycle on muscle strength but there was a 

significant different across early and late follicular phase of menstrual cycle on 

dynamic balance in dominant leg among recreational basketball players.  This 

research would be advantageous for the recreational basketball player to take note of 
their poor balancing during the follicular phase. Balance training can be considered to 

avoid fall and lower extremity injuries. 

 
 

Keywords: Menstrual cycle, Muscle strength, Dynamic balance, 

Recreational basketball players 
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CHAPTER 1 

 

BACKGROUND 

 

1.1 Chapter Overview 

This chapter will outline the background of the study, stating out the 

problem statement and research question. Then, aims of the research, research 

objectives as well as the  hypotheses will be discussed. After the operational 

definition of terms for the research study, the rationale and the scope of the 

research also will be discussed. 

 

1.2 Background of Study 

Basketball is one of the famous contact sports worldwide as the total of 

11% of the world’s population are participating in basketball. (Kilic et al., 2018; 

Siupsinskas et al., 2019). Since 1932, the International Basketball Federation 

(FIBA) united 8 countries and currently there are more than 450 millions of 

registered players (International Basketball Federation, n.d.). However, these 

number do not include recreational players yet. Therefore, we can assume that 

there are still tremendous of recreational basketball players out there and perhaps 

they are under the influence of National Basketball Association (NBA) 

basketball players (Moore et al., 2021). Moreover, after the men and women’s 

basketball championship has been done, the more the participation of both 

gender as this sport has been introduced into different level of education as well 

as to the community (Harmer, 2005). 
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As the participation of players is increasing year by year, so then the 

incidence of injuries are also increasing. Apart from that, basketball has evolved 

from non-contact based sport to a contact sport, players will be trained to utilise 

their body figure to their maximum extend and will be taught of some contact 

maneuvers that make their team more easier to shoot the ball (Drakos et al., 

2010). Some of the basketball players will also imitate those steps or drills that 

demonstrated in NBA games. Actually basketball is a sport that require frequent 

jumping, turning and the necessity of explosiveness in fast changing in direction 

to dodge away from opponent. Due to the high intensity of the motions, it is not 

only being known as a sport with the highest rate of injury among non-contact 

sport, but also being classified as a more dangerous sport when compare to many 

other contact sports (Kilic et al., 2018 & Moore, et al., 2021). 

 

Many researches have proved that basketball is at high risk of 

musculoskeletal injuries in different population including pediatrics, high school, 

collegiate, adult, professional, and recreational players. The most prevalence 

injuries occurs among them are lower extremity injuries. Among all types of 

lower extremity injuries, ankle injury is the one with the highest rate of 

occurrence (Herzog et al., 2019; Moore et al., 2021; Owoeye et al., 2021; 

Pasanen et al., 2018; Schepens et al., 2020; Tummala et al., 2019; Zuckerman et 

al., 2018 & Zynda et al., 2022). When compare between gender, the injury rate 

is actually much more higher in female basketball players than male basketball 

players (Borowski et al., 2017; Harmer , 2005; Siupsinskas et al., 2019). 
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For all of the females, they are constantly undergoing menstrual cycle 

every month since puberty. Menstrual cycle happens along with the fluctuation 

of hormones for example estrogen and progesterone. The changes of hormones 

can lead to some physiological changes as well, thus the effect of menstrual cycle 

on sports performance including reduced strength (Okazaki et al., 2017 & 

Romero-Moraleda, 2019), reduced balance (Lee & Petrofsky, 2018), reduced 

joint laxity (Yamazaki et al., 2021), increased postural sway (Friden, 2003; Lee 

& Yum, 2016; Yim et al., 2018) as well as affecting neuromuscular activity of 

muscles (Khowailed, 2015). 

 

  



  

16 

 

1.3 Problem Statement 

 

To date, these articles mentioned above are established in different 

population for instance healthy young women or young physically active women 

or healthy female runners. Besides, they studied in different muscles groups for 

instance hamstrings (Miyazaki & Maeda, 2022), quadriceps (Domínguez-

Navarro et al., 2022; Romero-Moraleda et al., 2019), plantar fascia (Lee & 

Petrofsky, 2018) and anterior cruciate ligament (Dos Santos Andrade, 2016; 

Herzberg et al., 2017; Khowailed e al., 2015). Hence, there is limited research 

(Khowailed et al., 2021; McKay et al., 2001) focusing on recreational basketball 

players as well as in ankle muscles. Therefore, the purpose of this study is to 

investigate the differences across early and late follicular phase of menstrual 

cycle on muscle strength and dynamic balance among recreational basketball 

players. 

 

1.4 Research Question 

 

 Is there any different across early and late follicular phase of menstrual 

cycle on muscle strength and dynamic balance among recreational basketball 

players? 
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1.5 Aim & Objectives 

Aim 

To investigate the different across early and late follicular phase of menstrual 

cycle on muscle strength and dynamic balance among recreational basketball 

players. 

 

Objectives 

1. To explore different across early and late follicular phase of menstrual 

cycle on muscle strength among recreational basketball players. 

2. To explore different across early and late follicular phase of menstrual 

cycle on dynamic balance among recreational basketball players. 
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1.6 Hypothesis 

 

H0i) There is no significant difference across early and late follicular phase of 

menstrual cycle on muscle strength among recreational basketball players. 

H1ii) There is significant difference across early and late follicular phase of 

menstrual cycle on muscle strength among recreational basketball players 

 

H0ii) There is no significant difference across early and late follicular phase of 

menstrual cycle on dynamic balance among recreational basketball players. 

H1ii) There is significant difference across early and late follicular phase of 

menstrual cycle on dynamic balance among recreational basketball players. 
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1.7 Operational Definition 

1.7.1 Menstrual Cycle 

A cycle that lasts for 38 to 35 days that shows the series of changes in woman’s 

body every month in order to prepare their body for possibly pregnancy. 

(McNulty et al., 2020) 

 

1.7.2 Early Follicular Phase 

The first phase occurred in menstrual cycle. It begins on the first day of the cycle 

and finishes once there is an increase in estrogen level. The main characteristics 

of this phase is the increased level of FSH and LH. The phase will be determined 

by self-reported method where participants will report themselves on their first 

day of their menstruation. (McNulty et al., 2020) 

 

1.7.3 Late Follicular Phase 

The late follicular phase begins when the estradiol level is rising and finishes at 

its preovulatory peak. The important activity here will be the increased oestradiol 

and decreased FSH and LH levels. The phase will be determined by self-reported 

method where participants will report themselves on their 12th day of their 

menstruation. (McNulty et al., 2020) 

 

1.7.4 Muscle Strength 

The ability to move and lift object (Crinkleton, 2019). 
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1.7.5 Dynamic Balance 

The ability to maintain in a stable position while we are moving or ambulating 

ourselves from one place to another (Physiopedia, n.d.). 

 

1.7.6 Recreational 

An individual who involving in some exercises or activities for enjoyment and 

fun (Collins, n.d.). 
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1.8 Rationale of Research 

 

The only study conducted towards recreational players is to determining 

the ankle injuries in basketball, which is a study done by McKay et al. (2001). 

However, the objectives of the study is to determine the rate of ankle injury and 

to identify the possible risk factors of injuries. This research is conducted in the 

recreational basketball players as there is a lack of study that investigating the 

effect of menstrual cycle in their population even though basketball is reported 

in the top ten sports that suffering ankle injuries. By doing this research, 

understanding of female recreational players towards effect of menstrual cycle 

will be enhanced. Since they are aware of it, rate of ankle injuries might be 

decreased. This research will also help medical practitioners to be more aware 

of physiological effects of menstrual cycle towards female basketball players. 

From here, they can come out with the balance and strengthening training 

program to the population to decrease the rate of ankle injuries. 
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1.9 Scope of the Research 

 

The research is focusing on the effect of menstrual cycle on muscle 

strength and dynamic balance among recreational basketball players. As every 

girls will undergo menstrual cycle and it is actually affecting our physiological 

changes thus the effect of menstrual cycle is believed that it influence athletes 

too. In this study, muscle strength of ankle stabilizing muscles and dynamic 

balance will be measured as the previous research are still having contradictory. 

Then, the population will be narrowed and focused in recreational basketball 

players who are never participated in any state, national or international 

basketball competition as they are also prone to get injuries during the playing 

session. 
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CHAPTER 2 

 

LITERATURE REVIEW 

 

2.1 Chapter Overview 

 

This chapter will discussed about the different topic through past journal and 

literature which related to the current study and thus provided the framework 

for the research project. 

 

2.2 Prevalence of ankle injuries in female basketball players 

 

In 1970s, basketball is one of the top seven sport reported as the sport that owns 

a higher percentage of ankle injuries at about 79% injuries (Fong et al., 2007). 

Prevalence of ankle sprains in basketball shows a percentage of more than 80 

percent among the 70 sports that is being analysed. Throughout this year, there 

are a variety of studies show that the prevalence of ankle injuries in different 

population of elite basketball players which include youth players, adolescent 

players, collegiate players and also international players. 

 

According to Borowski et al. (2008), research done on United State high 

school basketball players where their injury rates and the different injury pattern 

due to gender and type of exposure, at last the rate of injury is higher in girls 
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than boys. In the study of Siupsinskas et al. (2019) also proved that among the 

adolescents players, there is a 3 to 5 fold difference in female players than male 

players in developing ankle injuries. Lower extremities injuries are common in 

both Women’s NBA and NBA players but women are more prone to injuries 

compare with NBA players. According to Owoeye et al. (2020), it is a research 

on receiving all types of injuries from youth basketball players. In female players, 

ankle represent 45%, which is the highest percentage of the injured body sites. 

 

As we can see that almost all the studies above are showing that the 

prevalence of ankle injuries among female basketball players and it is still 

increasing year by year (Moore, et al., 2021). However, there are quite lack of 

research to investigate or work on the female athletes. More studies are focused 

among male basketball players, or working on those elite basketball players in 

different level but not recreational basketball players. 
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2.3 Effect of menstruation on muscle strength among athletes 

 

There are several studies working on the effect of muscle strength across 

menstrual cycle, the result are left contradictory where Friden et al.(2003) and 

Romero-Moraleda et al. (2019) saying that there is no significant change in 

muscle strength across the menstrual cycle. Friden et al. (2003) focused on 

quadriceps muscle while Romero-Moraleda focused on lower limb muscles 

including quadriceps, hamstrings, glutes, hip flexors, calves and core muscles. 

 

In the study of Andrade et al. (2017), the finding states that there is a 

lower hamstring-to-quadriceps peak torque strength balance ratio during 

follicular compared to luteal phase. For dominant leg, there is no differences 

between luteal and follicular phase. Similar finding found in the study of 

Miyazaki & Maeda (2022) that the strength of hamstring is weaker in the 

ovulation phase compared to luteal phase. Same goes to the study in Pallavi et 

al. (2017), the finding shows that the strength of the muscles are higher during 

the follicular phase due to the increased hormones. 

 

However, weaker muscle strength is found in the study of Okazaki et al. 

(2017) during luteal phase, which means that risk of ankle injuries is higher 

during luteal phase. 
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2.4 Effect of menstruation on dynamic balance among athletes 

 

In the study of Ericksen et al. (2012), they are examining the potential 

hormone contributions to ankle laxity and dynamic postural control during the 

preovulatory and postovulatory phases. The result shows that dynamic postural 

control is not affected even though there is laxity present in ankle inversion-

eversion. In this study, they are using Star Excursion Balance Test (SEBT) to 

measure dynamic balance. However, the latest reliable instrument for dynamic 

balance is Y-Balance test which will be used in my study later. 

 

According to Lee & Yim (2016), postural sway increases in the ovulation 

phase which means that the balance of the participants is unstable during 

ovulation phase. In the research by Lee & Petrofsky (2018), result shows the 

higher postural sway and tremor were greater during ovulation phase than that 

in menstruation in women. Similarly to the previous finding, there is also a 

higher postural sway in ovulation phase in the study done by Yim et al. (2018). 

This is due to the reason that the level of estrogen is increasing in ovulation phase 

and hence influence the postural instability indirectly. However, there is also a 

study clarifies that stability is much more unstable in mid-luteal phase but the 

study is done under the influences of premenstrual symptoms (Friden et al., 

2003). 
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CHAPTER 3 

 

METHOD AND METHODOLOGY 

 

3.1 Study Design 

This study was a cross-sectional study. 

 

3.2 Setting 

Study was conducted at Physiotherapy Centre, 3rd floor, KA block of Universiti 

Tunku Abdul Rahman (Sungai Long Campus). 

 

3.3 Study Population 

The population of the study was female recreational basketball players around 

Selangor area. 

 

3.4 Sample size 

Sample size was determined by using GPower 3.1 software. Significant level 

was set at 0.05 and the power was set at 0.80. Hence, the total sample size 

obtained is 15 and to include the 10% of participant drop-out rate, a total of 17 

participants was required to reach the statistical power of 82%. (Lee & Yim, 

2016) 
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3.5 Sampling Method 

Simple random sampling method was used in this research. 

 

3.6 Inclusion criteria 

1. Females who do not use oral contraceptives 

2. Menstrual status (eumenorrheic women) 

3. Playing basketball for at least once a week 

 

Participants have to be free from oral contraceptives, this is due to the reason 

that oral contraceptives will inhibit the secretion of estrogen during their 

menstrual cycle (Elliott-Sale, 2020) thus affecting the study’s result. A normal 

menstrual status of participants was required in order to explore the objective of 

the study. As the population was recreational basketball players, only the 

participants who played basketball for at least once a week can be recruited. 

 

3.7 Exclusion criteria 

1. Female players who involved in state, national or international level of 

competition 

2. Females who are having menstrual-related dysfunctions such as 

amenorrhea or pregnancy 

 

State, national or international players were excluded in the research as they were 

trained for competition. Therefore, they were not considered as recreational 

players but professional players. Females who were having menstrual-related 
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dysfunctions will have the unstable hormonal changes which will affect the 

result of the research. 

 

3.8 Instrument 

1. Hand-held dynamometer (HHD) 

Strength of the ankle plantarflexor (gastrocnemius) & dorsiflexor 

(tibialis anterior) was measured using HHD. The test started by holding 

the HHD in stationary state on the specific point of the muscles being 

measured. While the clinician was applying a force towards participants, 

participants had to against the force at their maximum. Participants were 

required to perform 3 times of muscles contractions and maintained for 

5 seconds for a single time in order to get an accurate reading by 

calculating the average value. Besides, the clinician have to be strong 

enough to against the force generated by participants (Delaware Physical 

Therapy Clinic, n.d.). 

 

Scoring & Interpretation: 

The validity as well as the intra- and inter-rater reliability of HHD on 

ankle dorsiflexors and plantarflexors are being done by Hebert et al. in 

2011 (ICC=0.67), Mentiplay et al. in 2015 (ICC=0.31-0.79), Spink et al. 

in 2012, Davis et al. in 2017 (ICC=0.96-0.98), and Kimura et al in 2018 

(ICC=0.94-0.96) . 

 

2. Y-balance test 
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Y-balance test is a reliable test for functional lower extremity strength 

and balance related to risk of injury (Linek et al., 2017; Powden et al., 

2019). In the research done by Linek et al. (2017), the reported 

ICC=0.57-0.82 while the ICC value in the research of Powden et al. 

(2019) is reported from 0.57 to 0.82. Dynamic balance can be tested by 

using Y-balance test which had been modified from Star Excursion 

Balance Test (SEBT). Participant was required to stand on one foot and 

used another foot to reach out to 3 specific direction which were anterior, 

posteromedial and posterolateral directions. These 3 directions will then 

being calculated and the value was known as composite reach distances 

which was good in predicting injury. During the test, participants are 

required to perform a total of nine times in order to meet the reliability 

of the test. Therefore, participants need to perform 6 times for 

familiarization and the last 3 times for data recording for each of the 

directions. After the data recording session, the average composite score 

reached distance will be calculated. 

 

Scoring and Interpretation: 

The composite score was calculated first by multiplying participants’ 

limb length by 3, then dividing the sum of the 3 reach directions by the 

number and lastly multiplied 100. To interpret the findings, the final 

result that less than 80%, it meant that the participant has high risk of 

injury as well as poor single leg balance (Walker, 2016). 
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3.9 Procedure 

Before the recruitment of participants, inclusion and exclusion criteria were 

verbally confirmed. After confirmation of involving in the study, a google form 

was sent to the participants. The consent form of participants, and the personal 

data protection notice were attached in the google form. Participant’s 

demographic data including age, height, and weight and data on menstrual cycle 

period length for August, September, October were also attached in the google 

form. After filling the google form, participants will be briefed through the 

procedure of the research. This study is divided into two session.  For the first 

session, it will be on the first day of their menstrual cycle, known as early 

follicular phase and the second session will be on the 12th day (late follicular 

phase) of the menstrual cycle. Self-reported menstrual cycle techniques was used 

thus participants had to report themselves on their first day and the 12th day of 

their menstrual cycle. Upon reaching the physiotherapy centre, the assessment 

will start by measuring their true limb length of both legs, followed by assessing 

their ankle muscle strength using HHD  and assessing their dynamic balance 

using Y-balance test.. 

 

• Measure true limb length 

Value of true limb length is needed to calculate the dynamic balance 

score of the participants. Participants will be in supine lying on the couch. 

A measuring tape is used to measure participant’s true limb length which 

is the distance from their anterior superior iliac spine (ASIS) to medial 

malleolus. The measurement in centimetre will be recorded. The value 
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will then be put into the formula mentioned above to obtained the scoring 

of Y-balance test. 

 

• Assessment of ankle muscle strength 

Participants will be assessed in plantarflexion then proceed to 

dorsiflexion. 

For plantarflexion, participants was in supine position, lower limbs in 

neutral position with their hip and knee extended. Participant’s tested 

foot was required to be at the edge of the couch, non-test foot was 

required to be in flexed position. Clinician stood at the end of the table, 

facing cephalic to participant. One of the clinician’s hand held HHD 

while another hand stabilizing the tested leg just above the ankle joint. 

Another option can be chosen where stabilizing belt was chosen to 

stabilize the tested leg. Then, HHD will be placing at the plantar surface 

of the tested leg, proximal to the first metatarsal head. Direction of force 

will be perpendicular to metatarsal. 

 

For dorsiflexion, participants was in supine position as well, lower limbs 

in neutral position with their hip and knee extended. Participant’s tested 

foot was required to be at the edge of the couch, non-test foot was 

required to be in flexed position. Clinician stood beside participant, 

facing caudal to participant. One of the clinician’s hand held HHD while 

another hand had to stabilize the tested leg just above the ankle joint. 

Another option can be chosen where stabilizing belt was chosen to 

stabilize the tested leg. Then, HHD will be placing at the dorsal surface 
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of the tested leg, opposite position as in plantarflexion. Direction of force 

was the same as in plantarflexion 

 

All the data were recorded into excel after each attempt. 

 

• Assessment of dynamic balance 

Y balance test was carried out by using the Y-balance test instrument, 

came with the angulation of 90 degree and 135 degree in between. 

Participants had to perform the test with barefoot. Firstly, they will be 

standing with one foot first behind the line presented on the box at the 

center with their hands placing at waist level for stabilizing purpose. 

Then, participant was instructed to push the box as far as possible in 

terms of their balance was reserved. Participant will go through the 

familiarization stage with the 6 attempts in each directions started from 

anterior direction then to posterolateral and lastly to posteromedial 

directions, for both legs. After that, participant was allowed to rest for a 

few minutes then proceed to the following 3 attempts for data recording. 

Stepping or shifting weight to the non-dominant leg is not allowed during 

each attempt. If participants released their hands from their waists or the 

weighing foot was raised off the ground or they were unable to go back 

to starting position throughout the attempt, the trial considered fail and 

participants need to start over. The farthest distance attained for each 

directions were noted. Then, repeat the whole cycle with another leg. 

Make sure the measurement will be taken for three times and their 

average value was calculated. The average distance will then put into Y-
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Balance test formula and the final score of difference in percentage was 

calculated. 

 

3.10 Statistical analysis 

All the data collected in the study was transferred into Microsoft Excel and then 

analysed by using IBM Statistical Package for Social Science (SPSS) software 

version 26.0 to produce study findings. For the demographic data of the 

participants such as age, sex, height and weight, descriptive statistical analysis 

was chosen to obtain the mean and standard deviation. For continuous data, 

normality test was assessed by using the Kolmogorov-Smirnov test. P-value of 

each variables are more than 0.05 where the data are normally distributed. Hence, 

parametric test was applied. (changes in hamstring flexion) A paired sample test 

was chosen to compare the mean score of dynamic balance and muscle strength 

within the same individuals on their early and late follicular phase. Additionally, 

association between muscle strength and dynamic balance in different phase was 

carried out by using the Pearson’s correlation test. The level of confidence was 

set at α < 0.05. 

 

3.11 Ethical approval 

This study was participated to ethical approval by the Scientific and Ethical 

Review Committee (SERC) of Universiti Tunku Abdul Rahman (UTAR). 

Informed consent was given to the participants, they signed the form which 

indicated they were agreed to involve in the research. Participants owned the 

right to withdrawn from the study anytime. 
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CHAPTER 4 

 

RESULTS 

 

4.1 Chapter overview 

This chapter will be featuring the findings and the statistical analysis after 

the data collection process for the research project. First and foremost, 

demographic data is presented and followed by ankle muscle strength result as 

well as Y-balance test score. Hypothesis is tested and also being elaborated. The 

data presentation of the result will be presented in a sequence of an overall 

tabulated result, followed by relevant graph, if any. Then, explanation will be 

attached below the presented graph. 
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4.2 Demographic Data of the Participants 

 

Table 4.1 Characteristics of participants (N=17) 

Demographic data Mean ± SD 

Age, year 

 

21.05 ± 0.91 

Height, meter 1.62 ± 0.05 

Weight, kg 

 

53.42 ± 7.52 

BMI, kg.m2 

 

16.47 ± 2.2 

Average of Cycle Lengths 32 ± 2 

 

Table 4.1 shows the demographic data of 17 female basketballers 

participated in this research. The mean and standard deviation of age, height, 

weight, BMI and the cycle length are presented. All the participants are recruited 

in Klang Valley area who are a recreational basketball player that play basketball 

at least once a week. They are also having normal menstrual status from the past 

3 consecutive months and free of oral contraceptives or other hormone-

stimulating medications for the 6 months before the study. None of them are 

having a pregnancy. 
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4.2.1 Age of the Participants 

 

 

Figure 4.1 Bar Chart Distribution of the Participants’ Age 

Figure 4.1 illustrates the age of the participants involved in this research. 

Most of the participants are 21 years old, make up a total of 10 people or 52.6% 

of the data. There are 4 people in aged 22, makes up to 21.1% while 3 or 15.8% 

of people are 20 years old. Last but not least, both the 19-year-old participant 

and 23-year-old participant has the same number of participants which is only 

one participant and they constituted 5.3% of total participants. 
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4.2.2 Height of the Participants 

 

 

Figure 4.2 Bar Chart Distribution of the Participants’ Height 

Figure 4.2 illustrates the involved participant’s height, in metres. The 

highest amount of participants is the height of 1.63 metres. It consists 35.3% of 

the overall data, represented by 6 participants. Second high of the number of 

participants’ height is 1.62 metres which constituted 23.5% of total participants. 

Moving on to the third height within the recruited participants wasis 1.60 metres, 

2 or 11.8% of participants reported this height. Next, the following listed height 

is occupied by only one participant including 1.57 metres, 1.58 metres, 1.61 

metres, 1.71 metres and 1.76 metres. Each of the height constitutes the 

percentage of 5.9% to the overall percentage. 
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4.2.3 Weight of the Participants 

 

 

Figure 4.3 Bar Chart Distribution of the Participants’ Weight 

Figure 4.3 illustrates the recruited participant’s weight in kilogram. The 

highest amount of participants is 6 participants with the weight of 45kg, 46kg 

and 47kg. It contributes 35.4% to the overall percentage. Followed by the weight 

of 58kg, the second highest weight that reported by the recruited participants. 

Participants with 58kg contributed 11.8% in the overall percentage. Next, the 

following listed weight is occupied by only one participant including the weight 

of 48 kilograms, 51 kilograms, 52 kilograms, 54 kilograms, 55 kilograms, 61 

kilograms, 62 kilograms, 66 kilograms and 70 kilograms. Same goes to the 

height, each of the listed weight with one participant constitutes the percentage 

of 5.9% to the overall percentage. 
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4.2.4 BMI of the Participants 

 

 

Figure 4.4 Box Plot of the Participants’ BMI 

Figure 4.4 is a box and whisker plot showing the BMI of the participants. 

From the box plots, we can observed the minimum BMI of the participants is 

13.89 kg.m2 and the maximum BMI of the participants is 21.60 kg.m2. Besides, 

the median of the data also can be obtained which is 16.14 kg.m2. The first 

quartile of participants’ BMI is 14.42 kg.m2 while the third quartile of 

participants’ BMI is 17.79 kg.m2. Another information we can observed from 

the box plots is the interquartile range of BMI, it is 3.37 kg.m2 in this data set. 

For this data, there is no outliers presented. 
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4.2.5 Average Cycle Length of the Participants 

 

 

Figure 4.5 Box Plot of the Participants’ Average of Cycle Length 

Figure 4.5 is a box and whisker plot showing the average cycle length of 

the participants. From the box plots, we can observed the minimum average 

cycle length of the participants is 28 days and the maximum average cycle length 

of the participants 36 days. Moving on to the next information, median of the 

average cycle length is 31 days. Next, the first quartile of the average cycle 

length of participants is 30 days while the third quartile of is 34 days. Another 

information we can observed from the box plots is the interquartile range of 

average cycle length which is 4 days. For this data, there is also no outliers 

presented. 
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4.3 Inferential analysis test 

This subsection will outline the inferential analysis tests that being 

conducted for the research project. There were paired sample t-test to test the 

various objectives and hypotheses. Each section will begin with a brief 

description of the test used, the outcomes obtained from the test as well as the 

tabulation of results at the end. All of the tests were analysed by using IBM SPSS 

Software statistics version 26. 

 

4.3.1 Paired Sample T-test 

Paired sample t-test is conducted to find the difference in mean score 

during early follicular phase and late follicular phase for the same group of 

participants in two timelines. 
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4.3.1.1 Paired Sample T-test for Ankle Strength 

Table 4.2 Changes in dominant and non-dominant ankle strength of 

participants in their day 1and day 12 of their menstrual cycle. 

 Day 1 

(Early follicular phase) 

Mean ± SD 

Day 12 

(Late follicular phase) 

Mean ± SD 

Plantarflexor, kg 

D 

ND 

 

 

8.6 ± 1.5 

8.3 ± 1.6 

 

8.6 ± 1.5 

8.3 ± 1.6 

Dorsiflexor, kg 

D 

ND 

 

 

6.0 ± 1.3 

5.7 ± 1.2 

 

6.1 ± 1.2 

5.8 ± 1.2 

Plantarflexor 

Bilateral 

Assessment (%) 

 

3.6 ± 9.8 3.1 ± 9.5 

Dorsiflexor 

Bilateral 

Assessment (%) 

 

4.0 ± 11.4 4.0 ± 11.2 

CSR (%) 

D 

ND 

 

70.7 ± 14.5 

69.6 ± 10.5 

 

70.3 ± 14.0 

68.9 ± 10.4 

Values are presented as mean ± standard deviation. SD, standard deviation; D, 

dominant leg; ND, non-dominant leg 

 

Table 4.2 shows the mean and standard deviation of the ankle strength of 

the participants during their menstrual cycle day 1 and day 12. For plantarflexor 

of dominant leg, there was a mean of 8.6 and standard deviation of 1.5 in early 

follicular phase. During late follicular phase, the mean and standard deviation of 

plantarflexors’ strength of dominant leg slightly increased to 8.7 and 1.5. On the 

other hand, muscle strength of plantarflexor in non-dominant leg had the mean 

of 8.3 and standard deviation of 1.6 in the early follicular phase, also having a 

slight increase of mean and standard deviation in the late follicular phase which 
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was 8.4 and 1.6. Both dominant leg strength were higher than the non-dominant 

leg. However, there is no significant differences (p>0.05) of muscle strength 

found between early and late follicular phase (dominant leg, p=0.174; non-

dominant leg, p=0.166). 

 

For dorsiflexor in dominant leg during early follicular phase, the mean 

and standard deviation is 6.0 and 1.3 while for non-dominant leg, its mean was 

5.7 and standard deviation was 1.2. In the late follicular phase, both dominant 

and non-dominant dorsiflexor strength had a slight increase in the mean and 

standard deviation to 6.1 and 1.2 as well as 5.8 and 1.2 respectively. 

  

Plantarflexor and dorsiflexor bilateral assessment are being analysed too. 

For plantarflexor bilateral assessment, it had the mean of 3.6 and the standard 

deviation of 9.8 in early follicular phase while late follicular phase had the mean 

of 3.1 and standard deviation of 9.5. Dorsiflexor bilateral assessment was higher 

than plantarflexors where the means and standard deviations were 4.0 and 11.4 

in early follicular phase, 4.0 and 11.2 in late follicular phase. Overall, bilateral 

assessment of dorsiflexor is higher than plantarflexor. 

 

Besides, conventional strength ratio of dominant and non-dominant leg 

were being analysed. For dominant leg, its CSR value during early follicular 

phase with its mean of 70.7 and standard deviation of 14.5 was slightly higher 

than its CSR in late follicular phase with its mean of 70.3 and standard deviation 

of 14.0. For non-dominant leg, CSR value in early follicular phase was also 
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slightly higher than the value in late follicular phase with the value of mean 69.6, 

standard deviation of 10.5 compare with value of mean 68.9 and standard 

deviation of 10.4. If compare between dominant and non-dominant leg, value of 

dominant leg was slightly higher than non-dominant leg. 

 

As a nutshell, ankle strength did not show any significant difference 

between the early follicular and late follicular phase. Additionally, there were no 

significant correlations (p>0.05) in terms of dominant legs and non-dominant 

legs. 
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4.3.1.2 Paired Sample T-test for Dynamic Balance 

Table 4.3 Balance score 

 Day 1 

(Early follicular phase) 

Day 12 

(Late follicular phase) 

Anterior Reach 

Distance, cm 

D 

ND 

  

 

53.3 ± 6.1 

 

56.1 ± 5.4 

53.7 ± 6.2 56.7 ± 5.6 

Posteromedial 

Reach Distance, cm 

D 

ND 

 

 

81.7 ± 8.1 

 

 

84.4 ± 7.1 

82.4 ± 8.6 84.5 ± 6.6 

Posterolateral Reach 

Distance, cm 

D 

ND 

 

81.7 ± 6.8 

 

87.0 ± 4.9 

82.9 ± 7.6 85.6 ± 6.4 

Composite score, % 

D 

NDCurre 

 

84.8 ± 7.4 

 

89.0 ± 6.2* 

85.3 ± 7.5 88.3 ± 5.5 

Values are presented as mean ± standard deviation. *Shows significant 

difference from the early follicular phase. (p < 0.05). SD, standard deviation; 

D, dominant leg; ND, non-dominant leg 

 

Dynamic balance was another variable that being measured in this 

research. Table 4.3 shows the comparison of dynamic balance during 

participants’ early and late follicular phase, for both dominant and non-dominant 

foot. 

 

For anterior direction, participants reached 53.3 in early follicular phase 

and 56.1 in late follicular phase with the standard deviation of 6.1 and 5.4 

respectively. On the other hands, mean and standard deviation of the anterior 
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reach distance of non-dominant foot was 53.7 and 6.2 in early follicular phase 

and 56.7 and 5.6 in late follicular phase. 

 

For posteromedial direction, participants also reached further in late 

follicular phase when compare with early follicular phase. For non-dominant 

foot, mean and standard deviation of the posteromedial reach distance was 82.4 

and 8.6 in early follicular phase and 84.5 and 6.6 in late follicular phase. 

 

In posterolateral direction, participants reached a mean of 81.7 and the 

standard deviation of 6.8 during early follicular phase and a mean of 87.0 and 

the standard deviation of 4.9 during late follicular phase. For non-dominant foot, 

mean and standard deviation of the posteromedial reach distance was 82.9 and 

7.6 in early follicular phase and 85.6 and 6.4 in late follicular phase. 

 

For the composite score calculated, both dominant and non-dominant leg 

during early follicular and late follicular phase are having low risk of injury as 

the final percentage of the composite score were not higher than 80%. 

 

Based on Table 4.2, there is a significant difference of composite score 

in dominant foot during early follicular phase and late follicular phase (p<0.05) 

with a mean difference of 1.05, t value of -4.08 and a p value of less than 0.01. 

This difference is thus statistically significant with a 95% confidence of the mean 

difference being within -6.51 and -2.05. However, there is no significant 



  

48 

 

difference of composite score in non-dominant foot during early follicular and 

late follicular phase (p>0.05).  
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CHAPTER 5 

 

DISCUSSION 

 

5.1 Chapter Overview 

This chapter will outline the discussion on significant findings from the 

results sections in accordance with the research objectives, which will follow 

with the limitation of study, recommendations for future research as well as the 

conclusion of the research project. 

 

5.2 Discussion 

This study compared the different across early and late follicular phase 

of menstrual cycle on muscle strength and dynamic balance among recreational 

basketball players. This is to test the hypothesis that there will be an effect of 

menstruation on athletes’ dynamic balance and muscle strength hence might 

affect their risk of injury during playing basketball. The key discoveries were: 

(1) there was no significant effect across early follicular phase as well as late 

follicular phase on participants’ muscle strength, (2) dynamic balance of 

participants decreased during early follicular phase compared to late follicular 

phase and (3) no association between the muscle strength and dynamic balance. 

 

In this study, effect of variables were being studied within day 1 of 

menstruation (early follicular phase) and day 12 (late follicular phase) of 

participants’ menstruation where they were also considered as the follicular 
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phase and ovulation phase in others study. This was due to the reason that during 

a normal menstrual cycle, a typical cycle lasts from 28 to 32 days, although a 

28-day optimal cycle that has ovulation on day 14 is the most common (Fridén 

et al., 2003; Sella et al. 2021). And within the cycle, it was comprised of three 

phases including follicular phase that last for 12-14 days with the presence of 

low to increasing estrogen and progesterone throughout its period, then followed 

by phase known as ovulation that last for roughly 1 day with the spiking of 

estrogen level and lastly came with a luteal phase that last for 12-14 days with 

high oestrogen and progesterone. In another way round, five phases can be 

categorized where their day 1 to 5 as early follicular, day 6 to 12 as late follicular, 

day 13 to 15 as ovulation, day 16 to 19 as early luteal, day 20-23 as mid-luteal 

and day 24-28 as late luteal phase (McNulty et al., 2020). 
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5.2.1 Effect of menstrual cycle on muscle strength 

In this study, the outcome shown that there was no significant effect of 

menstrual cycle on muscle strength. This finding of this study was similar to 

other studies which there was no variation or significant impact in muscle 

strength across different phases of menstrual cycle (Dasa et al., 2021; †cecilia 

Fridén et al., 2003; Kuehne et al., 2021; Romero-Moraleda et al., 2019). 

However, the measured instruments be utilized to undergo the muscle strengths 

tests in earlier studies were differed from this study. In the study done by Dasa 

et al. (2021) and the team, Maximal Voluntary Isometric Grip Strength (MVIGS) 

with a handheld dynamometer was used and they found that there was no change 

in their performance in terms of strength throughout the course of the menstrual 

cycle. Romero-Moraleda et al. (2019), examine about the fluctuations of muscle 

performance by applying the knowledge of one repetition maximum (1RM) with 

half-squat exercise with increasing load intensity during the research. To date, 

compared to traditional percentage-based loading techniques, the variables 

assessed in Romero-Moraleda et al. (2019) study have more practical 

applications for tracking training loads. The similar technique was also applied 

in another research but Kuehne et al. (2021) and the team were measuring muscle 

strength of upper extremity, the findings shown that there was no significant 

interaction of muscle strength across menstrual cycle (menstrual phase, 

ovulation phase and luteal phases) as well. 

 

Conversely, there are 2 studies reported that the muscle strength was 

differed across menstruation phases. According to Miyazaki & Maeda (2022), 

estrogen was considered to have a neuroexcitatory impact and estrogen has been 



  

52 

 

shown to boost spontaneous activation while decreasing inhibition. Hence, 

muscle activation will be higher during the ovulation phase and luteal phase 

where the concentration of estrogen is higher than that in follicular phase. This 

will cause muscle strength was enhanced during high level of estrogen period. 

Romero-Moraleda et al. (2019) also reported that there was a positive 

relationship between the excitability and muscular strength due to the variation 

in hormones. During late follicular phase, the surged of estradiol concentration 

was associated with the increase of cortical excitation, but in the other side, 

during early follicular phase, the concentration of estrogen was low and it was 

accompanied by cortical inhibition. As a result, a plausible theory was that 

muscular strength should be enhanced during the late follicular because of the 

greater excitation. Oppositely, muscular strength should be decreased during 

early follicular phase due to cortical inhibition. 

 

Therefore, looking into the study by Miyazaki & Maeda (2022), 

isometric muscle force was accounted to be higher in luteal phase than it was 

during the ovulation phase. In another study done by dos Santos Andrade et al. 

(2017) about the effect of menstruation on muscular strength balance in female 

soccer player, the finding indicated that women's hamstring-to-quadriceps peak 

torque strength balance ratio was considerably lower during follicular phase than 

that during luteal phase in non-dominant leg. There was no affect in dominant 

leg. Due to different result being studied in various studies, the effect of 

menstrual cycle on muscle strength is still left contradictory as each studies used 

different techniques in accessing the phases of menstrual cycle. 
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5.2.2 Effect of menstrual cycle on dynamic balance 

In the conducted study, result shown that there was a significant 

difference of composite score in dominant foot across the early follicular phase 

and late follicular phase. Dynamic balance was found lower in early follicular 

phase compared to that in late follicular phase which consisted of high 

concentration of estrogen. This corroborated another research done by Emami et 

al. (2018) suggested that the greater dynamic balance score was obtained in 

the direction of posteromedial reach distance during ovulation phase than it was 

during the early follicular phase. This research was using the methodology with 

current research which was Y-balance test. The only difference was the scoring 

took from each study. In Emami et al. (2018) study, they were using 

posteromedial direction instead of three directions used in current study. 

However, there was an evidence proved that the balance test can be simplified 

by taking only the posteromedial reached distance as the test score of the 

participants (Robinson & Gribble, 2008). Emami et al. (2018) also believed that 

the obtained result was due to the alteration in central nervous system function 

that brought by the hormones fluctuations during menstrual cycle which would 

influence the binding of neurotransmitter and disturbing their interactions. 

 

In contrast to current study’s result, Lee & Yim (2016) found that there 

was a significant higher postural sway discovered during ovulation, where level 

of estrogen rises, compared to follicular phase, the phase with low estradiol 

concentration. According to Silbernagel et al. (2015), synthesis of collagen 

would actually be inhibited by estrogen and consequently affects the metabolism 

of connective tissue. Once the metabolism of connective tissue was being 
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disturbed by the high concentration of estrogen, collagen synthesis and fibroblast 

proliferation reduced thus causing poor muscular strength and balance (Lee et al. 

2013). Likewise, another research by Khowailed et al. (2021),  the higher 

postural sway rate was noticed in women with ovulation than men and women 

in menstruation. Same goes to the precious study done by Sung et al. (2018), 

they were using to explore the postural stability, the higher the overall stability 

index, the more unstable the participant was. Based on their result, the limits of 

stabilities in ovulation period was the significant greater when compared to that 

in menses which mean participants is not balance during ovulation. They were 

focused on the concentration of hormones during menstruation and also believed 

that there was an effect of estrogen on the receptors in skeletal muscle which 

will affect the neuromuscular system in females thus resulting in poor balances 

(Sung & Kim, 2018). Similar patterns was obtained in the study by Yim et al. 

(2018), ovulation induced more postural sway on the balance test being carried 

out than that in follicular phase. 

 

In the other hand, there was another research studied on the influence of 

premenstrual symptoms on postural balance during menstruation cycle. The 

outcomes shown that women with premenstrual symptoms had a propensity for 

more postural sway during the mid-luteal period instead of ovulation and early 

follicular phase. Thus, further studies also have to emphasize in the effect of 

premenstrual symptoms towards female’s balance during menstruation cycle as 

well. This is due to the reason that it had been suggested that the menstrual cycle 

and sports-related injuries in women may be connected (C. Fridén et al., 2003). 

Lastly, Ericksen and the team found no variations in dynamic postural control or 
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ankle laxity in response to different phase in menstrual cycle (follicular and 

luteal phase). They reported that there was no association between hormonal 

changes during menstruation and dynamic postural control as the Star Excursion 

Balance Test (SEBT) result shown did not have any significance. Thus, Ericksen 

et al. encourages researchers not to focus on balance, one of the factor leading 

to ankle injury. Instead, more research on other factors that contributing to ankle 

instability as well as consequently reduce dynamic postural control was urged to 

be conducted. 

 

According to the studies above, most of the studies were explored in the 

population of young healthy women. However, the current study was examined 

in the population of recreational basketballers, hence the population of the 

research could be one of the factors that causing the difference in results. There 

were also lack of studies on effect of menstruation on dynamic balance towards 

the population of elite athletes. Due to the various results from various studies, 

there were still left contradictory on the effect of menstrual cycle on dynamic 

balance. From all the researches, it could not be denied that sex hormones were 

affecting the mechanical properties of our muscles, tendons, ligaments and etc 

that would influence our stability or balance no matter what the population was, 

for instance men or women that went through different phases of menstruation. 

Thus, more research on effect of menstruation on dynamic balance need to be 

conducted in future in the population of recreational and elite athletes in various 

sports. 
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Lastly, considering the result of current study stated that recreational 

basketball players would experience a lower dynamic balance in their follicular 

phase, which meant that they would have a higher risk of fall during that phase. 

Therefore, this research would be advantageous for the recreational basketball 

player to take note of their poor balancing during the follicular phase of 

menstruation especially during session of playing basketball. Thus, balance 

exercise can be done during that period to avoid fall and to minimize the risk of 

lower extremity injuries.  
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5.3 Limitation of the study 

There were a few limitation in this study. First and foremost, self-

reported menstrual cycle was used instead of undertaking ovulation testing or 

basal temperature taking or assessing hormones concentration. Even though the 

tracking required regular informed from the participants, we did a frequent yet 

comfortable follow up to communicate with them in order to ensure they do not 

drop out of the study. Moreover, the technique used in this study was feasible, 

time- and money-saving substitute for direct hormone assessments in tracking 

menstrual cycle but resulting in non-accurate data obtained. This is due to the 

reason that the fluctuation in follicular phase will have a greater variation 

compared to that in luteal phase. Hence, it is inaccurate to predict the distinct 

menstrual cycle stages without any hormonal investigations or gynaecological 

assessment (†cecilia Fridén et al., 2003). 

 

Secondly, the current research was conducted in 1 menstrual cycles only 

and not under strict hormone-controlled. Unlike earlier researches that 

demonstrated the association of  menstrual cycle with variations in strength and 

dynamic balance, some of them conducted at least 2 repeated menstrual cycle 

(†cecilia Fridén et al., 2003). Last but not least, this study was conducted on 

recreational female basketball players which the result may not applicable for 

those who are elite athletes as well as sedentary females, a minor variation in 

strength may be significant (†cecilia Fridén et al., 2003). This was due to the 

reason that exercise will modifies the amount of circulating ovarian hormones 

during menstruation, physically fit females could have different strength and 
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balance status throughout the menstrual cycle compared to that in untrained 

females. 

  



  

59 

 

5.4 Recommendation for future study 

As mentioned in the study of McNulty et al. (2020), estrogen and 

progesterone were the endogenous sex hormones presented in menstrual cycle. 

The cyclic variations of the hormones forming a biological pattern which known 

as the menstrual cycle. Therefore, refinements could be done in further studies 

included taking consideration of the combination of three approaches at testing 

time in identifying the stages of menstrual cycle. As a suggestion, a combination 

of calendar-based counting method, taking blood sample and urine sample for 

identifying the hormone concentration can be utilized in further studies. This 

will help in improving the quality of the research (de Jonge et al., 2019). 

 

Secondly, further studies may conduct a study for at least more than 1 

consecutive menstrual cycle to have a clearer picture of the effect of menstrual 

cycle on muscular strength and dynamic balance. Moreover, to completely 

understand the correlation between impact of menstrual cycle, muscle strength 

and dynamic balance studies in women with various degrees of physical fitness, 

more research is required in this regard (dos Santos A Ndrade et al., 2017).  



  

60 

 

5.5 Conclusion 

In summary, this study reveals no significant different across early and 

late follicular phase of menstrual cycle on muscle strength but there was a 

significant different across early and late follicular phase of menstrual cycle on 

dynamic balance in dominant leg among recreational basketball players. A 

numerous of study is needed to conduct to explore more on the effect of 

menstrual cycle on women muscular strength and balance especially among 

different level of women population. 
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