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ABSTRACT 

Women have often been excluded from research studies due to the fluctuations of 

hormones throughout the menstrual cycle and the difficulty in scheduling through different 

phases and the possible interaction it may have with other testing variables. The purpose of this 

study was to investigate how the menstrual cycle may affect lower limb muscular architecture 

and functional parameters, such as: force production, range of motion (ROM) and body 

composition in females during the follicular (FOL), ovulatory (OV) and luteal (LUT) phases of 

the menstrual cycle. This study utilized a short-term longitudinal repeated measured design 

which consisted of 4 visits. There were three groups: Non-contraceptive users (NC), Oral-

contraceptive users (OC) and a male control group (CON). Visit 1 began with an explanation of 

inclusion and exclusion criteria and familiarization for testing equipment. Visits 2-4 were 

scheduled based off of the participant’s menstrual cycle phase by menstrual cycle questionnaires 

or estimated in the CON group by:  FOL (days 1-4) , OV (days 12-15) and LUT (days 15-18). 

Visits 2-4 included hip and knee ROM goniometer assessment, a DXA scan, pennation angle 

(PA) measurements of the vastus medialis (VM), vastus lateralis (VL), rectus femoris (RF), and 

the anterior portion of the vastus intermedius (VIA) of the dominant leg using B-mode 

ultrasound and knee extension and flexion maximal voluntary isometric contraction (MVICs) 

testing on the dominant leg. Sigma Plot (Systat Software, San Jose, CA v. 12.5) was used to 

perform statistical analysis. Statistical significance was set at p < 0.05. 3-Way Repeated-

measures ANOVA was used to identify differences between quadriceps muscle architecture, 

body composition, ROM and force production during the FOL, OV and LUT phases of the 

menstrual cycle between groups (OC, NC, CON) and time (FOL, OV, and LUT phases). There 

were no significant differences found in force production, pennation angle, range of motion or 
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body composition across the three groups (OC, NC, CON) or time points (follicular, ovulatory, 

luteal), The lack of significant changes in variables between the NC and OC groups indicates 

oral contraceptives may not play a role in altering changes in body composition, hip and knee 

ROM, isometric knee strength and quadriceps PA.  However, it is important to control for the 

testing phase for future research studies to minimize error with hormone fluctuation through the 

menstrual cycle.   
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CHAPTER I 

INTRODUCTION 

Research studies show that female athletes have significantly more anterior 

cruciate ligament (ACL) tears compared to male athletes.1 Women have a 4-8-fold greater 

risk of ACL tears than men do, especially during the pre-ovulation, particularly the first 

two days of menses.2 This data showing a sex difference warrants an explanation 

regarding the potential physiological mechanisms responsible for this difference and if 

these differences are related to hormone fluctuations during the menstrual cycle. In 

addition, data has shown strength varies through the menstrual cycle. However the studies 

show conflicting results with some studies showing no changes3 to others observing 

significant increases in strength during the ovulatory phase compared to luteal and 

follicular phases.4 Body composition changes in relation to the mensural cycle have also 

been assessed by researchers but are limited by poor body composition methods (BMI) 

and did not test in all menstrual cycle phases (follicular, ovulatory and luteal).5 Similarly, 

mobility and flexibility has not been assessed through all three phases and limited by 

equipment used to assess flexibility (Sit-and-Reach machine).5 No other study, to our 

knowledge, has assessed quadriceps muscular architectural characteristics, such as 

Pennation angle (PA), through all three phases. PA is the angle in which the muscle 

fascicle extends from the deep aponeurosis (the extension of the tendon joining the 

muscle).6 This angle allows us to correlate the direction of the muscle to how that muscle 

produces force. Water retention occurs during a woman’s menstrual cycle, so the pressure 

accumulated may alter the pennation angle, thus altering the way women may produce 
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force and ultimately contribute to why women have an increased risk for injury when 

compared to men.    

Birth control use in female athletes has been a topic of interest for many years 

now. Many studies are inconclusive when asked does contraceptive use provide a 

“protective effect” from injury.2,7 Many studies fail to control for different types of 

contraceptives used, examples of popular types include: oral contraceptive (birth control 

pill), Intra-uterine device (IUD), Hormone implants, Contraceptive injection (Depo-

Provera), Transdermal contraceptives (birth control patch), Vaginal contraception ring 

(birth control ring) and others. Hormone concentration varies between contraceptive type 

and brand.8,9 One of the largest constraints in research studies that assess differences in 

users and non-users is when the researcher does not require adequate time for the hormone 

levels to stabilize. Some studies only required 2 months of being on birth control5, while 

others required over 6 months to ensure hormone levels to regulate.3 Many contraceptives 

will diminish or regulate menstrual cycle phases and influence impact hormones levels, so 

that why is crucial to allow time to ensure valid results.  

There are many gaps in the literature when assessing menstrual cycle changes in 

body composition, force production, mobility and other parameters. To address these gaps, 

we are going to test during all three phases: follicular, ovulatory and luteal. To control for 

the potential testing effect a male only control group will be included in this study.  

Results from our study will inform future research protocols on how and when to assess 

female participants according to their menstrual cycle. Our results, whether or not 

significance is found, will help future researchers and physicians when developing injury 
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prevention protocols, rehabilitation programs, and future training approaches for both 

female athletes and females that are recreationally active.  

Significance  

  Many studies have evaluated functional parameters (body composition, force 

production and mobility), but are restricted by not controlling for menstrual cycle. 

There have been no studies to our knowledge to assess pennation angle changes 

through the menstrual cycle. New knowledge in how the lower limbs work together in 

the presence of bilateral asymmetry will allow for the development of new 

rehabilitation programs to reduce asymmetry and potentially prevent injury. 

Purpose of this study 

 The purpose of this study is to assess changes in lower limb muscular architecture 

(pennation angle (PA)) and functional parameters, such as: strength, mobility, lean mass, 

fat mass, in females during the luteal, ovulatory and follicular phases of the menstrual 

cycle. A secondary purpose of this study is to examine differences in the same 

physiological variables between non-contraceptive users and hormonal contraceptive 

users.  

Research Questions 

1. What are the differences in hip and knee ROM across menstrual cycle phases?  

2. What are the differences in body composition values across menstrual cycle phases? 

3. What are the differences in force production (FP) across menstrual cycle phases? 

 

4. What are the differences in pennation angle (PA) across menstrual cycle phases? 
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Hypotheses 

#1 H0: There will not be a difference in hip and knee ROM across menstrual cycle phases.  

#1 H1: There will be a difference in hip and knee ROM across menstrual cycle phases.  

 

#2 H0: There will not be a difference in body composition values across menstrual cycle 

phases.   

#2 H1: There will be a difference in body composition values across menstrual cycle 

phases.   

 

#3 H0: There will not be a difference in force production across menstrual cycle phases. 

#3 H1: There will be a difference in force production across menstrual cycle phases. 

 

#4 H0: There will not be a difference in pennation angle across menstrual cycle phases. 

#4 H1: There will be a difference in in pennation angle PA across menstrual cycle phases. 

 

Limitations 

1. Results of this study will not apply to the entire population.   

2. Results of this study will not include females who have irregular menses, 

metrorrhagia, or any birth control that doesn’t allow for a monthly menstrual cycle.  

3.   Subjects will be recruited from the Norman and Oklahoma City areas. 
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Delimitations  

1. Healthy participants between the ages of 18-35. 

2. Subjects without metabolic, respiratory or cardiovascular diseases. 

3. Healthy participants free of any musculoskeletal injury.  

4.  Healthy participants who have participated in fitness training ³ 2-3 times a week for at 

least 2 months prior to testing. 

Assumptions 

1. All participants will provide accurate medical information and health history. 

2. All participants will be assumed to be honest when filling out questionnaires. 

3. All participants will be assumed to have followed pre-testing guidelines before coming 

in for testing. 

4. All participants will be assumed to have exerted maximal effort in all MVC attempts.   

5. Participants will be assessed during the follicular, ovulatory and luteal phases of their 

menstrual cycle.   
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Operational definitions 

1. Aponeurosis: extension of the tension into the muscle, to which the muscle fascicle 

attach.6 

2. Muscle thickness: the area between the aponeuroses of the muscle.6 

3. Pennation angle: angle of pull of muscle fascicles relative to the tendon; the internal 

angle composed of the fascicle and deep aponeurosis.6 

4. Fascicle length: the distance between the intersection composed of the superficial 

aponeurosis and fascicle and the intersection composed of the deep aponeurosis and 

the fascicle.6 

5. Follicular Phase: Days 1-9 of the menstrual cycle, which includes menses and 

relatively lower levels of estradiol and progesterone.9 

6. Ovulation Phase: Days 10-14 of the menstrual cycle, which includes ovulation and 

highest levels of estradiol for the cycle.9 

7. Luteal Phase: Days 15-30 of the menstrual cycle, which includes the remaining days 

of the menstrual cycle and highest levels of progesterone for the cycle.9 

8. Force production (FP): the product of mass and acceleration.10 

9. Isometric contraction: a muscle action in which the muscle length does not change 

because the contractile force is equal to the resistive force.10 

10. Asymmetry: ratios between the left and right side of the body, along with the 

lengths, circumferences, and shapes of the human musculature.11 

11. Strength Asymmetry: is the deviation of strength between muscle groups 

and is often referred to as muscular imbalance.11 
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12. Dual-Energy X-Ray Absorptiometry (DXA): Measures the differential 

attenuation (absorption) by bone and soft tissue of the transmitted x-rays at two energy 

levels (high and low); Measures 3-C of body composition, bone mineral, fat, and fat-

free soft tissue.12 

13. Ultrasound: Ultrasound beam is propagated through skin and partially reflected 

with B-mode (brightness-modulation) instruments which use high-frequency sound 

waves (1-10 MHz).13 
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CHAPTER II 

REVIEW OF LITERATURE  

Menstrual Cycle Physiology  

The mensural cycle is a very complex process that involves various organs (i.e., 

hypothalamus, anterior pituitary and ovaries) and hormones (i.e. estrogen and 

progesterone) that prepares the oocyte for release and the uterus for potential pregnancy.14  

The menstrual cycle can range between 21 days to 35 days, but averages 28 days for most 

women.3,5,14,15 There are three main phases within a woman’s menstrual cycle: follicular, 

ovulatory and luteal. Each phase is regulated by some type of feedback mechanism, which 

either positively or negatively affects hormones production.14–16 The following section 

will discuss the physiology of the female menstrual cycle.  

Gonadotrophin releasing hormone (GnRH) is secreted in a pulsatile manner by the 

hypothalamus.14–16 GnRH is then transported to the anterior pituitary, where its 7-

transmembrane G-protein receptor is activated. The activation of its 7-transmembrane G-

protein signals to secrete follicle stimulating hormone (FSH) and luteinizing hormone 

(LH).16 FSH and LH then provides feedback to the ovaries to alter hormone production.16 

There are two types of cells in the ovarian follicle involved in hormone production: theca 

cells and granulosa cells. LH stimulates the production of theca cells.16 Theca cells 

simulate the production of progesterone and androstenedione by activating the enzyme, 

cholesterol desmolase.16 After the secretion of androstenedione, androstenedione 

molecules are diffused to nearby granulosa cells. At the granulosa cells, FSH converts 

androstenedione to testosterone then 17-beta-estradiol by activating the enzyme, 

aromatase.16 Additionally, the granulose cells also produce inhibin and activin, which aid 
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in inhibiting and stimulating the amount of FSH and LH the anterior pituitary 

produces.14,16  

 Negative feedback to the anterior pituitary is seen during both the follicular and 

luteal phases of the menstrual cycle, which lowers the amount of FSH and LH being 

produced. This negative feedback subsequently decreases the levels of 17-beta-estradiol 

and progesterone produced. Once a critical amount of 17-beta-estradiol is reached, 

positive feedback to the anterior pituitary can occur16. Positive feedback is seen only 

during the ovulatory phase of the menstrual cycle, which increases the amount of FSH and 

LH being produced. This regulation is very complicated and has high variability between 

women.14,17  

Body Composition and Range of Motion  

A study by Luiz da Silda Texeira et al. examined body composition (body mass, 

height and BMI) as well as sit-and-reach flexibility measurements in the follicular and 

luteal phases of the menstrual cycle.5  They had a control group who had no hormone 

contraceptive (n=20) and an experimental group who has used hormone contraceptives for 

a least 2 months (n=24). The follicular phase was defined as the first day of menstruation, 

the ovulatory phase was defined between days 10 and 14 and the luteal phase was defined 

from the 15th day and lasts until the end of the cycle. No significant body composition 

differences were found between or within the control or experimental group. This may be 

due to the error that is associated with 2-component models of body composition, 

specifically BMI for any indication of fat percentage.18 Fat mass was estimated through 

the Siri equation, which is not always specific to populations, such as women and 

ethnicity. Flexibility was also not different between or within groups.5 These results in 
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flexibility may be due to the lack of controlling for pre-testing conditions, such as 

exercising prior to testing. In addition, the experimental group was only required to be 

using oral contraceptives for two cycles or two months, where as other studies have 

required three-four months to allow stabilization of hormonal contraceptives.19,20 

Podfigurna-Stopa et al. assessed 27 young women (21.8±3.9 yrs) diagnosed with 

functional hypothalamic amenorrhea and age/gender matched controls.20 Functional 

hypothalamic amenorrhea (FHA) refers to weight loss-related amenorrhea. Body and 

skeletal composition was assessed from a DXA scan. Although not significantly different, 

the FHA group had reduced total body fat mass (TBFM), total body lean mass (TBLM), 

bone mineral density (BMD) and bone mineral content (BMC). This study suggests that 

body composition is affected, even if not significantly, by the absence of a menstrual 

cycle.20 

Force Production  

The female reproductive hormones which fluctuate throughout the menstrual 

cycle, are known to influence numerous cardiovascular, respiratory, thermoregulatory and 

metabolic parameters, which may affect exercise physiology and performance.21 A study 

by Ross et al. assessed eight female soccer player in an endurance test, counter movement 

jump and sprint test in the early follicular phase (FP) and mid luteal phase (LP) of the 

menstrual cycle.21 The endurance test was lower during the mid LP (2833±896 m) as 

compared to the early FP (3288±800 m), although it was not significant. Menstrual cycle 

changes have been seen to not impact maximal intensity whole body sprinting when 

assessed in eight female athletes who had not been on oral contraceptive for four months 

prior.19 A study by Janse de Jonge assessed the influence of menstrual cycle phase on 
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skeletal contractile characteristics in 19 women who had not been on oral contraceptive 

for 6 months prior.3  Oestrogen, progesterone, FSH and LH were measured to assess 

menstrual cycle phase (follicular, ovulatory, and luteal). Isometric quadricep strength, 

fatigability and electrically stimulated contractile properties and fatigability were also 

assessed, as well as handgrip strength. No significant differences were found between any 

of the phases of the menstrual cycle in isometric quadricep or handgrip strength. The 

author suggests hormone fluctuations hormone concentrations throughout the menstrual 

cycle do not affect muscle contractile characteristics, although it was limited by only 

assessing two muscle groups.3 The study was also limited by a small sample size.   

The menstrual cycle has shown fluctuation in performance and functional 

parameters, but due to the limitations of controlling for hormone contraceptive use and the 

lack of assessing other lower musculature, there is more research needed to understand 

what variables are affected. Women have a 4-8-fold greater risk of anterior cruciate 

ligament (ACL) tear than men do, especially during the pre-ovulation stage of their 

menstrual cycl.7 Lefevre et al. conducted a prospective study to define the amount of ACL 

tears according to menstrual cycle in female recreational skiers who had sustained an ACL 

tear during skiing.7 Menstrual cycle phases and oral contraceptive use were determined by 

a questionnaire. Women who were post-menopausal and women who had irregular cycles 

(>30 days) were excluded from the study. The following phases were noted at the time of 

the ACL tear in one hundred and seventy-two participants: follicular phase (n=58, 

33.72%), ovulatory phase (n=63,36.63%), and luteal phase (n=51, 29.65%). There was a 

significant difference in distribution found (χ2=48.32; P=0.00001). Of the participants, 

30.8% were taking oral contraceptives. Regardless oral contraceptives use, ACL tears 
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were 2.4-fold more frequent in pre-ovulatory than post-ovulatory phase (85/119 (71.4%) 

vs. 36/53 (67.9%); p=0.64). ACL tears in women are more frequent in the pre-ovulatory 

phases (follicular and ovulatory) than post-ovulatory phase (luteal). However, this study 

did not find any significant effects of birth control on ACL tear risk.7 Another study by 

Slauterbeck et al. observed that in a cohort of 38 female athletes a significant amount of 

ACL tears occurred in the first two days of menses.2 In conclusion, research suggests that 

ACL tears are occurring more often in the follicular and ovulatory phases. ACL tears also 

have associated changes in muscular architecture, such as shorter fascicle lengths.22  Due 

to the variability in the literature, investigation is still needed for what measurements are 

altered during a female’s menstrual cycle. We will further discuss muscle architecture 

furthermore in the next section.  

Muscle Architecture  

Some muscle fibers are parallel to the muscle aponeurosis, which is the extension 

of the tension into the muscle, to which the muscle fascicle attach.6 Other muscle fibers 

are angled which allows for greater amount of the fiber to exert on the same length of 

aponeurosis, which is referred to as pennation angle (PA).23,24 PA is most accurately 

measured through muscle dissection using a goniometer, but can also be measured in a 

non-invasive way using an imaging technique, such as ultrasound.23–28   

The quadriceps and hamstrings are two primary muscle groups responsible for hip 

and knee actions, especially for ambulation, athletic performance and activities of daily 

living (ADLs). A better understanding of muscle architecture (PA) and function of the 

quadriceps and hamstring muscles could allow us to improve performance and reduce the 

risk for lower body injury. Studies have shown that muscular imbalance between the 
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quadriceps and hamstring muscles can lead to an increased risk of injuries. However, there 

is very little research regarding the amounts of muscular imbalance in each of these 

muscle groups and none that we found that address menstrual cycle potential 

interactions.11,29 The more we learn about the relationship between muscle architecture 

and muscle performance and the role of female sex hormone fluctuations play on these 

variables can allow us to better educate practitioners and coaches to better prescribe 

exercise and also improve research studies for females in the future.  

The quadricep muscles include the vastus lateralis (VL), vastus intermedius (VI), 

vastus medialis (VM) and rectus femoris (RF).26 Blazevich et al. completed a study 

in sixteen women (19.9±3.1 years, 170.0±0.04 m, 64.6±7.9 kg) and 15 men ( 20.6 ± 2.6 

yrs, 1.80±0.09 m, 76.0±13.0 kg), all participants were non-resistance trained.26 The aim of 

the study was to determine correlations between knee extension strength and quadriceps 

architecture, assumption of a similarity in the mean structure of the combined VL, VI, VM 

and RF was created.26 Pennation angle (PA), muscle thickness (MT) and fascicle length 

(FL) of the all four quadricep muscles were examined using ultrasound. Subjects were 

testing in a supine position with their knees bent and supported at a 45˚ angle. Three 

images of each muscle (VL, VM, RF, and VI) were collected at distal, middle and 

proximal portions of the muscle with VI being examined in two portions, anterior and 

lateral. The PA of each muscle was measured from approximately 3-4 cm from the deep 

aponeurosis to the center point of the deep and superficial aponeuroses to avoid error from 

curvature of fascicles as they neared the deep and superficial aponeuroses. MT was 

determined to be the average of the distance between the aponeuroses at the three 

measurement sites in each muscle and FL was estimated using PA and MT.  
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Significant correlation was found for within-muscle architecture for the VL for 

muscle thickness at each site and for PA between proximal and middle (r = 0.48, P < 0.01) 

and proximal and distal (r = 0.48, P < 0.01) sites. VM displayed a significant correlation 

for PA between distal and proximal sites (r = 0.41, P < 0.05) as well as MT at proximal 

and middle sites (r = 0.57, P < 0.01). RF displayed a significant correlation for PA 

between middle and distal sites (r = 0.38, P < 0.05) and MT for all sites (0.56 < r < 0.74, P 

= 0.000–0.002). The anterior portion of the VI displayed a significant PA correlation for 

the middle and distal sites (r = 0.47, P < 0.05) and for MT between the proximal and 

middle (r = 0.52, P < 0.01) and proximal and distal sites (r = 0.38, P < 0.05). The lateral 

portion of the VI displayed a significant correlation for PA between the proximal and 

distal sites (r = 0.71, P < 0.001) and no significant correlations for MT. A difference index 

(provides quantitative assessment of intermuscular between the mean architecture of the 

three superficial quadriceps muscles) was calculated to compare overall muscle structure, 

or architectural similarity, and revealed a low difference index for the VL, VM, and RF 

muscles but not for either portion of the VI. Trends between muscles were calculated 

using z-scores to provide a parameter for the entire quadriceps group. It was determined 

higher angles in the VM were indicative of higher angles in the VL and RF. A mirrored 

trend was also seen for individuals with a larger RF PA having a larger PA in their VL and 

VM. These trends were not seen in the VI when compared to other muscles.26  

MT of one muscle was not an accurate determinant of MT in other muscles except 

between VL and the anterior portion of the VI. Regression equations were used to 

determine each variables contribution of whole muscle architecture. It was found the MT 

of the VM and the PA of the VM were the two best predictors of whole muscle 
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architecture. When looking at the interaction of muscle parameters the VL, VM, and 

portions of the VI showed significant correlations between MT and PA, but not for RF. 

This study suggests that the quadriceps muscles (VL, VI, VM, RF) have similar 

architecture, which indicates assessment of one muscle can help infer to the structure of 

the other muscles.26 PA has been shown to be a strong indicator of MT26. Since the VM is 

a strong predictor of the whole muscle architecture, it was assumed that measuring the PA 

of the VM and the VI will provide a sense of the whole quadriceps muscle group. This 

assumption is necessary in order to investigate correlations between muscle architecture of 

the quadriceps and performance of the muscle group as a whole when it is not feasible to 

measure the MT and PA of each muscle individually.26  

The hamstring muscles include the semitendinosus (ST), semimembranosus (SM) 

and bicep femoris, which is usually classified as bicep femoris long-head (BFlh) and bicep 

femoris short-head (BFsh). Chleboun et al. tested the reliability of using ultrasound to 

measure BFlh PA using an Acuson 128XP real-time ultrasonography scanner (Acuson 

Sequoia, Acuson Corporation, CA, USA) with a 5MHz 8.0-cm transducer and through in 

vivo measurement of dissection 18 female recreational athletes (23.0±1.8 years).27 This 

study examined ultrasound measurements at the knee and hip angles of 0, 40, and 90 

degrees. Three to seven pictures were taken along the long head of the rectus femoris. In 

vivo measurements were made by removing entire fibers from cadavers and measuring the 

angle with a goniometer. The researchers found that measurements from the ultrasound 

were slightly less accurate than the in vivo measurements but not significantly different (p 

> 0.05, ICC = 0.87).27 The researchers concluded that bending at the joints resulted in 

significant changes in PA with the highest PA coming at a 90-degree hip angle and a 0-
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degree knee angle. The authors suggest ensuring maximal overlap and optimal force 

production capabilities, a seated position of 90° hip and 90° knee flexion should be used.27   

 A study by Baroni et al. examined PA, FL and CSA of the rectus femoris (RF) and 

vastus lateralis (VL) of 20 male volunteers before and after a non-training control period 

of 4 weeks, and post- 4, 8, and 12 weeks of isokinetic eccentric training.30 Significant 

increases in RF and VL had significant changes in muscle architecture within the first 4 

weeks of training. MT increased by 7–10%, fascicle length increased 17–19%, while 

pennation angle was unchanged.30 The authors concluded that increased muscle thickness 

was not related to PA changes, but FL changes.  A study by Blazevich et al. study 

examined changes in the muscle size, muscle architecture (muscle size, pennation angle 

(PA), and fascicle length (FL) of the vastus lateralis (VL) and rectus femoris (RF) 

muscles) strength, and sprint/jump performances of concurrently training athletes during 5 

weeks of resistance training (RT).31 There were three different programs implemented: 

squat-lift training, forward back squat training and sprint-jump training. They found an 

increase in VL in squat-lift training and forward hack squat training was statistically 

different to the decrease in sprint-jump training subjects (P < 0.05 at distal, P < 0.1 at 

proximal). VL FL increased for sprint-jump training only at the distal site (P< 0.05). 

Furthermore, MT of both the VL and RF increased significantly at the proximal sites 

(p<0.05).  These studies suggest that adaptions can occur within a 4-5-week resistance 

training program. When assessing through a month, for example throughout the menstrual 

cycle, it is crucial to control for physical activity to avoid changes to the muscular 

architecture that may hinder results. Since there is an increased amount of water retention, 

which may cause excessive swelling, muscular architecture changes throughout the 
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menstrual cycle are possible. No studies have focused on menstrual cycle changes in 

muscle architecture and few have controlled for the menstrual cycle while testing muscle 

architecture variables, thus warranting further investigation.  

 In summary, the menstrual cycle has shown measurement fluctuations during 

specific phases. Muscle architecture, such as pennation (PA), plays a significant role in 

force production and dynamic exercise. Many studies have evaluated functional 

parameters (body composition, force production, mobility), but are restricted by not 

including menstrual cycle fluctuations through the follicular, ovulatory and luteal phases. 

Due to the inconsistency in literature results, in regarding what changes with the hormonal 

fluctuations of the menstrual cycle, research is needed to bridge the gaps.   
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CHAPTER III 

METHODOLOGY 

This chapter will aim to provide a thorough description of the methods used for 

this study, which includes participant requirements, participant inclusion and exclusion 

criteria, descriptions of the data collection protocols, instrumentation, and statistical 

analyses. 

Sample 

 G-Power Analysis was used to determine sample size using a moderate effect (3 

groups, 0.8 power, 0.3 f, p<0.005), which revealed that nine subjects were needed for each 

group. Thirty-five participants consented to partake in this study; six of those participants 

were excluded, which is discussed in Chapter IV. Twenty-eight participants (10 non-

contraceptive users, 9 oral contraceptive users and 9 males) between the ages of 18 and 35 

completed this study. All subjects signed an informed consent form approved by the 

University of Oklahoma Institutional Review Board (Health Science Center). Individuals 

were recruited from the Norman and Oklahoma City area by flyers, word of mouth, and e-

mail to participate. 

Inclusion Criteria 

Non-Contraceptive Users (NC) 

1. Be in the age range of 18-35 years old. 

2. Be female. 

3. Have a regular menstrual cycle for the last 6 months. 

4. Not-taking oral contraceptives for at least 6 months prior to testing. 

5. Active in an exercise program ³ 2-3 days a week for at least 2 months.  
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Oral-Contraceptive Users (OC) 

1. Be in the age range of 18-35 years old. 

2. Be female. 

3. Have a regular menstrual cycle for the last 6 months. 

4. Regularly taking oral contraceptives for at least 6 months prior to testing. 

5. Active in an exercise program ³ 2-3 days a week for at least 2 months. 

 

Male Control Group (CON) 

1. Be in the age range of 18-35 years old. 

2. Be male. 

3. Active in an exercise program ³ 2-3 days a week for at least 2 months.  

 

Exclusion Criteria 

Non-Contraceptive Users (NC) 

1. Pregnant women will be excluded from the study. 

2. Outside the age range of 18-35 years. 

3. Not being female. 

4. Individual has a prior injury, which limits knee range of motion. 

5. Individuals who have irregular menses, metrorrhagia, or any birth control that doesn’t 

allow for menses. 

6. Individuals unable to perform a knee maximal voluntary contraction. 
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7. Individual has undergone surgery that may alter muscle architecture of the quadriceps 

and/or hamstrings. 

8. Individuals with cardiovascular diseases. 

9. Individuals with neurological diseases or damage.  

10. Individuals have metal implants in the lower limbs that would impact body 

composition assessments. 

 

Oral-Contraceptive Users (OC) 

1.Pregnant women will be excluded from the study. 

2. Outside the age range of 18-35 years. 

3. Not being female. 

4. Individual has a prior injury, which limits knee range of motion. 

5. Individuals who have irregular menses, metrorrhagia, or any birth control that doesn’t 

allow for menses. 

6. Individuals unable to perform a knee maximal voluntary contraction. 

7. Individual has undergone surgery that may alter muscle architecture of the quadriceps 

and/or hamstrings. 

8. Individuals with cardiovascular diseases. 

9. Individuals with neurological diseases or damage.  

10. Individuals have metal implants in the lower limbs that would impact body 

composition assessments. 

 

Male Control Group (CON) 
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1. Outside the age range of 18-35 years. 

2. Not being male. 

3. Individual has a prior injury, which limits knee range of motion. 

4. Individuals unable to perform a knee maximal voluntary contraction. 

5. Individual has undergone surgery that may alter muscle architecture of the quadriceps 

and/or hamstrings. 

6. Individuals with cardiovascular diseases. 

7. Individuals with neurological diseases or damage. 

8. Individuals have metal implants in the lower limbs that would impact body composition 

assessments. 

Research Design 

This study utilized a short-term longitudinal design with repeated measures. There 

were three groups: Non-contraceptive users (NC), Oral-contraceptive users (OC) and a 

male control group (CON). The NC group was required to not be on any contraceptives 

(hormonal or non-hormonal) for at least six months prior to testing. The OC group was 

required to be taking hormonal oral contraceptives for at least six months prior to testing. 

Medication use was assessed through the Medical History Questionnaire to ensure no 

hormonal medication was being used by the NC and CON group. Participants were 

requested to avoid any lower body resistance training or endurance training 24 hours prior 

to testing and to continue exercise as usual throughout the duration of the study. Testing 

protocols during each visit were the same for all participants. Visit 1 began with an 

explanation of inclusion and exclusion criteria and a brief explanation of the protocols 

included in the study. Each participant had the study explained to them and sign an 
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informed consent. Participants also completed a physical activity readiness questionnaire 

(PAR-Q), menstrual history questionnaire (if applicable), Health Insurance Portability and 

Accountability Act (HIPAA) form and an International Physical Activity Questionnaire 

(IPAQ). Height, weight, resting blood pressure (BP), resting heart rate (HR) were assessed 

at the beginning of each visit. Visit 1 concluded with a familiarization of the maximal 

voluntary isometric contraction muscle protocol (MVIC) for knee extension and flexion, 

and range of motion of the hip and knee. All testing and familiarization were performed 

on the participant’s dominant leg.  

Visits 2-4 were scheduled based off of the participant’s menstrual cycle phase. The 

luteal (days 1-4), ovulatory (days 12-15) and follicular (days 18-21) phases were defined 

visits based off of menstrual cycle questionnaires (if necessary). The control group (CON) 

followed a similar timeline that started as an estimated Day 1 (follicular phase). This was 

estimated, since the males recruited for the control group do not have a menstrual cycle to 

compare to, but we estimated the timing used for our female groups to control for any 

training effect that may occur. All measurements were taken by the same researcher and 

sites were standardized to control for placement and angles used through testing for each 

participant. 

Visits 2-4 began by measuring weight, resting blood pressure, resting heart rate, 

hip and knee range mobility, hydration status and a pregnancy test (if necessary). Mobility 

measurements were taken on an observation table with a goniometer in the following 

order: hip flexion, knee flexion, knee extension, hip extension. After mobility 

measurements, the distance of the femur was assessed with a measuring tape between the 

superior anterior iliac spine (main bony landmark on the hip) and the superior border of 
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the patella (top of the knee cap). Marks were made at 22%, 56%, and 73% of the thigh to 

allow for consistent measurements between visits. Following initial assessments, a body 

composition assessment was done via Dual-Energy X-Ray Absorptiometry (DXA) scan. 

The DXA scan assessed the absorption of bone and soft tissue of the transmitted x-rays at 

two energy levels. Radiation exposure was minimal, but pregnancy tests were taken for all 

female participants. Pennation angle (PA) measurements of the quadriceps muscles 

(vastus medialis (VM), vastus lateralis (VL), rectus femoris (RF), and the anterior portion 

of the vastus intermedius (VI)) of the dominant leg were performed using B-mode 

ultrasound. PA is the angle in which the muscle fascicle extends from the deep 

aponeurosis (the extension of the tendon joining the muscle). Ultrasound measurements 

were followed by an isometric force production protocol. Assessment of knee extension 

and flexion was done in the dominant leg with a force dynamometer. Legs were assessed 

in a random order (knee extension/flexion). Three warm-ups and three MVICs were taken 

for each knee extension and flexion.  

Initial Assessment: 

During the initial assessment, weight, blood pressure and heart rate were taken to 

assess for any potential adverse reactions associated with hypertension (high blood 

pressure) or any other heart disorders. During this initial assessment femur length (largest 

bone going from the hip to knee) was measured to prepare for ultrasound measurements 

for muscle architecture assessment.  Marks were made at 22%, 56%, and 72% of the thigh 

to allow for consistent measurements between visits. 
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Range of Motion (ROM) assessment: 

During ROM assessment, hip and knee range of motion (ROM) were assessed. 

The dominant leg was assessed in the following order: hip flexion, knee flexion, knee 

extension and hip extension. All measurements were made on an observation table 

(massage table) and subjects were instructed to relax completely. Extension and flexion 

were assessed for the dominant hips and knee with a goniometer (Lafayette Instrument 

Company, Lafayette, IN, USA). Each measurement was assessed passively, meaning the 

maximum mobility that the participant can do with assistance from the researcher, by 

pushing the joints together.  

For passive measurements of hip flexion, subjects started supine with their pelvis 

in a neutral position with the knees extended on a table. The fulcrum of the goniometer 

was placed over the greater trochanter of the femur, the proximal arm was aligned with the 

lateral midline of the pelvis and the distal arm was aligned with the lateral midline of the 

femur (lateral epicondyle for reference). Hip flexion took place by firmly applying 

pressure to lift the thigh off the table, allowing the knee to flex. Stabilization of the pelvis 

was maintained to avoid posterior tilt or rotation of the pelvis.32,33 

For passive measurements of knee flexion, subjects started supine with their pelvis 

in a neutral position with the knees extended on a table. The fulcrum of the goniometer 

was placed over the lateral epicondyle of the femur, the proximal arm was aligned with 

the lateral midline of the femur (greater trochanter for reference) and the distal arm was 

aligned with the lateral midline of the fibula (lateral malleolus for reference). Knee flexion 

took place by firmly applying pressure above the knee and below to knee allowing the 
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knee to flex at a hip flexion of 90 degrees. Stabilization of the femur was maintained to 

prevent hip rotation, abduction or adduction.32,33 

For passive measurements of knee extension, subjects started supine with their 

pelvis in a neutral position with the knees extended on a table. A folded towel was placed 

under the ankle to ensure that knee is in full flexion. The fulcrum of the goniometer was 

placed over the lateral epicondyle of the femur, the proximal arm was aligned with the 

lateral midline of the femur (greater trochanter for reference) and the distal arm was 

aligned with the lateral midline of the fibula (lateral malleolus for reference). Knee 

extension took place by applying pressure on the lower thigh and exerting a slight 

downward pressure. Stabilization of the femur was maintained to prevent hip rotation, 

abduction or adduction. 32,33 

For passive measurements of hip extension, subjects started prone with their pelvis 

in a neutral position with the knees extended on a table. The fulcrum of the goniometer 

was placed over the greater trochanter of the femur, the proximal arm was aligned with the 

lateral midline of the pelvis and the distal arm was aligned with the lateral midline of the 

femur (lateral epicondyle for reference). Hip extension took place by firmly applying 

pressure above the knee to raise the thigh off the table. Stabilization of the pelvis was 

maintained to avoid posterior tilt or rotation of the pelvis. 32,33  

Body Composition Assessment 

Body composition was measured using a whole-body Lunar Dual-energy X-ray 

absorptiometry (DXA) scanner (with software version 13.60.033, GE-Lunar Prodigy 

Advanced, Madison, WI). The DXA scanner was calibrated each day prior to data 

collection. Subjects removed their shoes, jewelry, and any clothing or personal items that 
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may contain metal prior to scan. Prior to scanning, urine specific gravity (U.S.G.) was 

assessed and must be between the range of 1.005-1.030. If USG measurements were 

outside of the range, subjects were given water and reassessed 30 minutes later or 

rescheduled for another day. All females had pregnancy test prior to DXA scans. No 

participants became pregnant at any time during the study, so none were disqualified from 

the study due to fetal adverse effects related to radiation in DXA scans. After clearing the 

USG levels and pregnancy test, subjects were positioned in a supine position with the 

middle of the table aligned with the middle (sagittal plane) of their body. Participants were 

asked to place their arms at their side within the measurement zone, hands pronated 

perpendicular to the table, leaving space between their arms and your sides. Straps were 

used to secure feet to limit movement during the scan. Following the scan, regions of 

interest were placed around each leg to examine composition of each leg individually. 

DXA scans were assessed three times for each participant to distinguish body composition 

differences seen with the menstrual cycle in all three groups: OC, NC, and CON and all 

three time points. 

Muscle architecture assessment 

Muscle pennation angle (PA) was collected using a LOGIQ S8 ultrasound 

apparatus (GE Healthcare, Little Chalfont, United Kingdom). All measurements were 

made with the probe angled perpendicular to the leg and parallel to the muscle such that 

an imaginary line extending out from the probe would go straight through the muscle 

roughly in the sagittal plane of the body. Prior to measurements a water-soluble gel was 

applied to the area being measured to maximize acoustic perfusion into the muscle, thus 

minimizing the amount of pressure applied to obtain a clear image of muscle fascicles. 
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Three images were taken of the following muscles; Vastus medals (VM), vastus lateralis 

(VL), rectus femoris (RF), and vastus intermedius (VIA) on the dominant leg. All images 

were transferred to a USB drive to further analyzed by an on-screen protractor (MB-Ruler 

5.3, MB-Software Solutions, Iffezheim, Germany).  

The measurement process began by locating the anterior superior iliac spine and 

the superior border of the patella as described in the initial measurements section above. 

The distance between these two landmarks was considered the subject’s thigh length and 

measurement locations were oriented based on a straight-line measurement location 

between the two. To locate the proximal end of the vastus intermedius anterior (VIA) and 

the rectus femoris (RF) we used a marker to indicate the area lying 73% of thigh length 

distal from the anterior superior iliac spine along the measurement location. To locate the 

proximal end of the vastus lateralis (VL) we used a marker to indicate the area lying 56% 

of thigh length distal from the anterior superior iliac spine along the measurement 

location. To locate the proximal end of the vastus intermedius (VM) we used a marker to 

indicate the area lying 22% of thigh length distal from the anterior superior iliac spine 

along the measurement location. Any proximal, distal, medial, or medially or laterally 

deviation from these points required to find an accurate PA measurement were noted. 

For quadriceps assessment, subjects were seated with both hips and knees at a 90˚ 

angle. The back, knees, and feet were adjusted and supported to ensure those angles could 

be maintained with the entire lower body completely relaxed.  We measured PA of the 

muscles in this order: dominant leg (VM, VL, VIA, RF).  
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Force Production Assessment 

Familiarization for maximal voluntary isometric contractions (MVICs) for both 

knee extension and knee flexion consisted of having subjects sit on the KinCom 

dynamometer (KinCom model: KC125AP, Isokinetic International, East Ridge, TN 

37412) and adjusting the seat until the knee and hip angles were both 90˚. The KinCom 

was adjusted so the rotational axis of the dynamometer head aligns with the knee. Seat and 

dynamometer head position were recorded for future visits. Straps were fastened to secure 

the upper and lower body to the seat, to ensure that quadriceps and hamstring muscles 

were isolated. The dominant ankle was strapped to the load cell of the KinCom.  

Subjects were asked to perform isometric knee extensions at perceived efforts of 

25%, 50%, and 75% until they felt comfortable with the strength protocol. Participants 

were asked to perform three MVICs at full (maximal) effort. The same process was 

completed for isometric knee flexion. 

Statistical Methods 

Sigma Plot (Systat Software, San Jose, CA v. 12.5) was used to perform statistical 

analysis. Statistical significance was set at p < 0.05.  

3-Way Repeated-measures ANOVA was used to identify differences between 

quadriceps muscle architecture, body composition, mobility and force production during 

the follicular, ovulatory and luteal phases of the menstrual cycle between groups (OC, NC, 

CON) and time (follicular, ovulatory, and luteal phases). If significant main effects were 

observed, pairwise comparisons using a Bonferroni Post-Hoc were completed.  

If no interaction or main effect was observed, a 2-Way Repeated Measures 

ANOVA was run on female group (OC, NC) and time (follicular, ovulatory and luteal) to 
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see if there were differences between the female groups. If significant main effects were 

observed, pairwise comparisons using a Bonferroni Post-Hoc were completed. Cohen’s d 

values were calculated for all female data in the OC and NC groups. The highest score 

were used and data is displayed as mean±SD. Cohen’s d values (d) effect sizes were 

deemed as: large (0.8), medium (0.5) or small (0.2-0.3).34 Raw and absolute % difference 

values were found for two time points: follicular to ovulatory phases (F-O) and ovulatory 

to luteal phases (O-L) as well as Cohen’s d values for all female data in the OC and NC 

groups.  

If no interaction or main effect was observed through 2 x 3 Repeated Measures 

ANOVA, 1-Way ANOVA was used to assess female characteristics of both the NC and 

OC groups collapsed (n=19). Significant findings were followed by pairwise comparisons 

using a Bonferroni Post-Hoc. Partial eta2 (η2) were calculated for all collapsed female 

data.34 Partial eta2 (η2) effect sizes were deemed as: large (0.14), medium (0.06) or small 

(0.01).34 

If no interaction or main effect was observed, a 2-Way Repeated Measures 

ANOVA was run on group (males, females) and time (follicular, ovulatory and luteal) to 

see if there were differences between gender. If significant main effects were observed, 

pairwise comparisons using a Bonferroni Post-Hoc were completed. 
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CHAPTER IV 

RESULTS 

The first goal of this project was to assess changes in lower limb muscular 

architecture (pennation angle (PA)) and functional parameters, such as: strength, mobility, 

whole body lean mass, whole body fat mass, in females during the luteal, ovulatory and 

follicular phases of the menstrual cycle. The second goal was to examine differences in 

physiological variables between non-contraceptive users and hormonal contraceptive 

users. This chapter will discuss the results for the study which included: subject 

characteristics, group differences, and menstrual cycle changes in ROM, body 

composition, force production and muscle architecture. 

SUBJECT CHARACTERISTICS 

 Thirty-four participants were recruited for this study. There were six participants 

who consented that were unable to finish their visits due to: knee extension measurements 

over the maximal value (n=1), incorporating a diet or using weight-loss medication during 

the study (n=2) and moving outside traveling distance and/or no reply to scheduling visits 

(n=3). Nine CON males, 10 OC females and 9 NC females completed the entirety of the 

study results in 28 participants total. All participants were active in a resistance exercise 

program at least 2-3 days a week for at least 6 weeks prior to their first visit. All 

participants were deemed Health Enhancing Physical Activity (HEPA) active by IPAQ 

analysis, which is defined by (a) vigorous-intensity activity on at least 3 days achieving a 

minimum of at least 1500 MET-minutes/week or (b) 7 or more days of any combination of 

walking, moderate-intensity or vigorous intensity activities achieving a minimum of at 

least 3000 MET-minuets/week.  Participants were all asked to continue the same exercise 
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and nutritional regimen as normal throughout the study. Both female groups (OC and NC) 

had a regular menstrual cycle every month for the last 6 months. OC individuals had been 

taking hormonal, oral contraceptives for at least 6 months prior to their first visit. All NC 

individuals had not taken any contraceptive (hormonal or non-hormonal) the past 6 

months. All participants were asked to refrain from lower body resistance exercise for at 

least 24 hours prior to testing.  

 A One-Way ANOVA was used to assess differences in group characteristics, 

which revealed that male CON participants were significantly taller (p < 0.001 for OC and 

NC) and weighed more (p < 0.001 for OC and NC) when compared to female participants 

in both OC and NC groups. Age was not significantly different for any of the groups (p > 

0.05). The OC and NC were not significantly different for age, height and weight (p > 

0.05). Menstrual cycle length was an average of 27.75 ± 1.5 for combined groups (OC, 

NC). Group characteristics are displayed in Table 1. 

Table 1: Subject Characteristics (Mean ± SD) 

Note: Differences if present were denoted using *(p<0.05). Standard deviations 
represent variability. CON: male controls, OC: oral-contraceptive users, NC: non-
contraceptive users.  

 

   
 

  Groups   
 
Variables 

     
CON (n = 9) OC (n = 10) 

 
NC (n= 9) 

Age (years) 25.2 ± 2.53 23.2 ± 2.5 
 

23.65 ± 4.3 

Height (in) 70.7 ± 2.78* 64.81 ± 2.62 
 

64.06 ± 2.71 

Weight (lb)  191.9 ± 21.11* 137.2 ± 17.14  144.82 ± 40.5 
 

Cycle 
Length  
(days)  

N/A 27.5 ±  1.0 
 

28.0 ± 2.0 
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GROUP DIFFERENCES  

• Groups: 3 x 3 (CON, OC, NC)  

o 3-Way Repeated-measures ANOVA was used to identify differences 

between quadriceps muscle architecture, body composition, mobility and 

force production between groups (OC, NC, CON) and time (follicular, 

ovulatory, and luteal phases).  

• Contraceptive Use 2 x 3 (OC, NC):  

o 2-Way Repeated Measures AN OVA was run on female group (OC, NC) 

and time (follicular, ovulatory and luteal) to see if there were differences 

between the female groups across the menstrual cycle.  

• Females: 1 x 3 (Collapsed Females)  

o 1-Way ANOVA was used to assess female characteristics of both the NC 

and OC groups collapsed (n=19) across the menstrual cycle.  

• Gender: 2 x 3 (Males, Collapsed Females) 

o  2-Way Repeated Measures ANOVA was run on gender (female, male) and 

time (follicular, ovulatory and luteal) to see if there were differences 

between gender across the menstrual cycle.  

 

RANGE OF MOTION 

3 x 3 (CON, OC, NC) 

The 3 x 3 Repeated Measures ANOVA reveled no significant group main effect 

for hip extension (p=0.07), hip flexion (p=0.09), knee extension (p=0.79) or knee flexion 

(p =0.07). There also was no significant time main effect found for hip extension (p=0.8), 
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hip flexion (p=0.81), knee extension (p=0.57) or knee flexion (p=0.15). Likewise, no 

group x time interaction was found for hip extension (p=0.22), hip flexion (p=0.53), knee 

extension (p=0.22) or knee flexion (p=0.58).  Results are shown in Table 2. η2 showed 

small effect sizes for all group ROM measurements. 

2 x 3 (OC, NC) 

The non-significant 3 x 3 Repeated Measures ANOVA was then followed by the 2 

(OC, NC) x 3 (follicular, ovulatory, luteal phases) Repeated Measures ANOVA to further 

investigate changes within the females to compare contractive use. There was a significant 

group main effect for hip extension with the NC group displaying significant higher hip 

extension than the OC group (p=0.049), shown in figure 1. There was no group main 

effect for hip flexion (p=0.835), knee extension (p=0.87) or knee flexion (p=0.59). There 

was no time main effect for hip extension (p=0.567), hip flexion (p=0.54), knee extension 

(p=0.496) or knee flexion (p=0.09). There was a group x time interaction where hip 

extension in the NC group was significantly higher in both the follicular and luteal phases 

when compared to the OC group (p<0.05 for both). There was no group x time interaction 

for hip flexion (p=0.739), knee extension (p=0.134) or knee flexion (p=0.49).  
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Note: OC: oral-contraceptive users, NC: non-contraceptive users, F: 
follicular, O: ovulatory and L: luteal. Group main effects shown 
through the 2x3 (OC vs NC) RM ANOVA were denoted using 
*(p<0.05). ‡ denotes group x time interaction during the 2x3 (OC vs 
NC) RM ANOVA. Standard deviations represent variability.  

 

1 x 3 (Collapsed Females) 

 A One-Way Repeated Measures ANOVA was used to assess female characteristics 

(n=19), which showed that there were no significant visit main effect (follicular, ovulatory 

and luteal) for hip extension (p=0.67), hip flexion (p=0.55), knee extension (p=0.52) or 

knee flexion (p=0.09) shown in Figures 2A and 2B.  
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Note: OC: oral-contraceptive users, NC: non-contraceptive users, 
F: follicular, O: ovulatory and L: luteal. Differences if present were 
denoted using *(p<0.05). Standard deviations represent variability.  
 
 

 
2 x 3 (Males, Collapsed Females) 

Due to the non-significance found in the female groups, a 2 (male, female) x 3 

(follicular, ovulatory, luteal phases) Repeated Measures ANOVA was run to further 

investigate sex differences in ROM through the menstrual cycle. There was no group main 

effect for hip flexion (p=0.34), knee extension (p=0.12), hip extension (p=0.22) or knee 
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Figure 2A: Female Hip and Knee Flexion across the 
Menstrual Cycle (n=19) 
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extension (p=0.51). There was no time main effect for hip extension (p=0.94), hip flexion 

(p=0.71), knee extension (p=0.73) or knee flexion (p=0.23). There was no group x time 

interaction for hip extension (p=0.73), hip flexion (p=0.27), knee extension (p=0.7) or 

knee flexion (p=0.42).  

 
 

Table 2: ROM across the Menstrual Cycle (mean±SD) 
ROM   CON (n=9) OC (n=10) NC (n=10) η2 
Hip 
Extension  
(⁰) 

F: 
O: 
L: 

 13.22 ± 8.14 
13.33 ± 8.15  
12.89 ± 7.52 

14.6 ± 5.9 
15.4 ± 6.5 
14.9 ± 6.4 

21.2 ± 7.2*‡ 
19.1 ± 6.6* 
20.8 ± 6.9*‡ 

0.0053  

Hip 
Flexion 
(⁰) 

F: 
O: 
L: 

 108.1 ± 13.9 
109.3 ± 15.5  
110.7 ± 14 

119.4 ± 9.4 
120.3 ± 7.6 
118.6 ± 7.2 

120.2 ± 9.9 
120.2 ± 8.2 
118.2 ± 10 

0.0047 

Knee 
Flexion 
(⁰) 

F: 
O: 
L: 

 191.9 ± 21.1 
191.8 ± 21.1 
192.4 ± 21.9 

215.3 ± 55.2 
220.3 ± 62.5 
240.5 ±80 

240.9 ± 72.5 
246.2 ± 71.3 
231.4 ± 56.7 

0.0045 

Knee 
Extension  
(⁰) 

F: 
O: 
L: 

 5.9 ± 2.5 
5.9 ± 1.9 
6.1 ± 2.9 

7.00 ± 3.54 
6.56 ± 2.92 
7.67 ± 3.32 

7.11 ± 3.14 
6.67 ± 4.33 
6.11 ± 3.10 

0.0099  

Note: CON: male controls, OC: oral-contraceptive users, NC: non-contraceptive 
users, F: follicular, O: ovulatory, L: luteal. η2 was used to determine time effect size 
for all three groups. Group main effects shown through the 2x3 (OC vs NC) RM 
ANOVA were denoted using *(p<0.05). ‡ denotes group x visit interaction during the 
2x3 (OC vs NC) RM ANOVA. Standard deviations represent variability.  

 

 

BODY COMPOSITION 

3 x 3 (CON, OC, NC) 

 The 3 x 3 Repeated Measures ANOVA revealed a significant group main effect for 

scale weight, Bone Mineral Density (BMD), Fat-free (g), Lean mass (g) and total mass, all 

of which were higher in the CON group vs the OC and NC groups (p<0.001 for all 

variables). There also was a significant group effect where gynoid (% fat) was found to be 
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higher in the OC (p=0.02) and NC (p=0.03) groups when compared to the CON group. 

A/G ratio was also found to be significantly lower in the NC (p=0.003) group when 

compared to the CON group. Scale weight was significantly higher in the CON 

(192.048±9.27 lbs) than both the OC (137.68±8.79 lbs, p<0.001) and NC groups 

(146.026±9.27 lbs, p=0.004). There was similarly no time main effect found for Tissue (% 

fat) (p=0.08), Android (% fat) (p=0.62), and Gynoid (% fat) (p=0.57). A significant time 

effect was found in the CON group, lean mass was found to be higher during their 

ovulatory visit (62813±2115 g) when compared to their follicular visit (62168±2115 g) 

(p=0.044). Furthermore, a significant time effect was found in the CON group, total mass 

was found to be higher during their luteal visit (88.09±4.2 kg) when compared to their 

follicular visit (87.4±4.2 kg) (p=0.028). There was no time effect for scale weight 

(p=0.12), BMD (p=0.63), Fat-free (g) (p=0.16), tissue (%fat) (p=0.07), android % fat 

(p=0.14), gynoid (% fat) (p=0.57) and A/G ratio (p=0.38). No group x time interaction 

was found for scale weight (p=0.89), BMD (p=0.89), Fat-free (g) (p=0.57), lean mass 

(p=0.55) total mass (p=0.79), tissue (%fat) (p=0.51), android % fat (p=0.9), gynoid (% fat) 

(p=0.897) and A/G ratio (p=0.98). Results are shown in Table 3. η2 showed small effect 

sizes for all group body composition measurements. 

 

2 x 3 (OC, NC) 

The non-significant 3 x 3 Repeated Measures ANOVA in the females was then 

followed by the 2 (OC, NC) x 3 (follicular, ovulatory, luteal phases) Repeated Measures 

ANOVA to further investigate changes within the females to compare contractive use. 

Scale weight (p=0.61), BMD (p=0.5), fat free (g) (p=0.72), lean mass(g) (p=0.72), tissue 
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(% fat)(p=0.88), total mass (p=0.69), android (% fat) (p=0.44), gynoid (% fat) (p=0.91) 

and A/G ratio (p=0.18) had no significant group (OC, NC) main effect. Scale weight 

(p=0.14), BMD (p=0.22), fat free (g) (p=0.22), lean mass(g) (p=0.81), tissue (% 

fat)(p=0.18), total mass (p=0.27), android (% fat) (p=0.28), gynoid (% fat) (p=0.57) and 

A/G ratio (p=0.52) had no significant time (follicular, ovulatory, luteal) main effect. Scale 

weight (p=0.63), BMD (p=0.46), fat free (g) (p=0.25), lean mass(g) (p=0.9), tissue (% 

fat)(p=0.28), total mass (p=0.94), android (% fat) (p=0.7), gynoid (% fat) (p=0.6) and A/G 

ratio (p=0.86) had no significant group x time interaction.   

1 x 3 (Collapsed Females) 

A One-Way Repeated Measures ANOVA was used to assess female characteristics 

(n=19), which showed that there were no significant visit main effect (follicular, ovulatory 

and luteal) for scale weight (p=0.14), A/G Ratio (p=0.49), Gynoid % fat (p=0.59), 

Android % fat (p=0.27), Fat free mass (p=0.26), Lean (g) (p=0.81), Fat (g) (p=0.12), total 

mass (p=0.25), tissue % fat (p=0.2) and BMD (p=0.23).  

2 x 3 (Males, Collapsed Females) 

Due to the non-significance in female groups, a 2 (male, female) x 3 (follicular, 

ovulatory, luteal phases) Repeated Measures ANOVA was run to further investigate sex 

differences in body composition across the menstrual cycle. The 2 x 3 Repeated Measures 

ANOVA revealed a significant group main effect for scale weight, Bone Mineral Density 

(BMD), Fat-free (g), Lean mass (g) and total mass, all of which were higher in males 

(p<0.001 for all variables). Tissue (% fat) was significant higher in females 

(32.23±1.63%) vs males (25.36±2.37%, p=0.025). This is the only difference found 

between the 3 x 3 RM ANOVA, which could be attributed to having a higher sample size 
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with the combined OC and NC groups. There also was a significant group effect where 

gynoid (% fat) was found to be higher in females than males (p=0.003). A/G ratio was 

also found to be significantly lower in the females when compared males (p=0.004). 

Android (% fat) had no significant group main effect (p=0.66). There was a significant 

time main effect in men where follicular total mass significantly increased from follicular 

to luteal phase (87±4.13g vs 88.09±4.13g, p=0.04). Scale weight (p=0.17), BMD (p=0.52), 

fat free (g) (p=0.08), lean mass(g) (p=0.2), tissue (% fat)(p=0.09), android (% fat) 

(p=0.17), gynoid (% fat) (p=0.68) and A/G ratio (p=0.37) had no significant time 

(follicular, ovulatory, luteal) main effect. Scale weight (p=0.85), BMD (p=0.65), fat free 

(g) (p=0.5), lean mass(g) (p=0.42), tissue (% fat)(p=0.66), total mass (p=0.45), android (% 

fat) (p=0.88), gynoid (% fat) (p=0.9) and A/G ratio (p=0.86) had no significant group x 

time interaction.   
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Table 3: Body Composition across the Menstrual Cycle (mean±SD) 
  CON n=9) OC (n=10) NC (n=9) η2 

A/G 
Ratio  

F: 
O: 
L: 

1.11 ± 0.09 
1.13 ± 0.09 
1.13 ± 0.09 

0.94 ± 0.2 
0.95 ± 0.22 
0.96 ± 0.21 

0.83 ± 0.2* 
0.84 ± 0.19* 
0.84 ± 0.18* 

0.0035 
 

Andro
id (% 
fat) 

F: 
O: 
L: 

34.57 ± 6.48 
34.36 ± 6.73 
34.91 ± 6.84 

37.43 ± 8.25 
37.22 ± 9.23 
37.71 ± 9.23 

34.58 ± 12.85 
33.89 ± 12.69 
34.41 ± 12.50 

0.0004 
 

BMD F: 
O: 
L: 

1.37 ± 0.08*                       
1.37 ± 0.08*                
1.366 ± 0.09*              

1.17 ± 0.07 
1.17 ± 0.074 
1.18 ± 0.074 

1.19 ± 0.067 
1.2 ± 0.082 
1.2 0 ± 0.071 

0.0058 
 

Fat 
free 
(g) 

F: 
O: 
L: 

66347.7 ± 7439.73* 
66776.8 ± 8002.91* 
66332.3 ± 7493.45* 

42756.89 ± 5772.15 
42827.33 ± 5737.99 
42806.56 ± 5570.91 

43686.56 ± 6254.84 
44113.89 ± 6503.52 
43930.78 ± 6615.83 

0.0076 
 

Gynoi
d (% 
fat) 

F: 
O: 
L: 

31.08 ± 5.75             
30.98 ± 5.28 
31.09 ± 5.78 

39.46 ± 6.74* 
39.28 ± 7.37* 
39.24 ± 6.74* 

39.99 ± 7.58* 
39.74 ± 7.80* 
40.18 ± 7.24* 

0.003 
 

Lean 
(g) 

F: 
O: 
L: 

62280 ± 7535.42*† 
62702.1 ± 7631.88* 
62471.3 ± 7385.85*† 

40295.78 ± 5692.9 
40394 ± 5590.47 
40369 ± 5407.89 

41411.33 ± 5971.34 
41513.89 ± 6208.72 
41399 ± 6363.83 

0.0074 
 

Scale 
Weigh
t  

F: 
O: 
L: 

191.93 ± 21.06        
191.78 ± 21.06        
192.43 ± 21.87        

136 ± 17.6 
136.6 ± 17.6 
136.7 ± 17.8 

144.8 ± 40.5 
144.7 ± 40.3 
145.5 ± 40.4 

0.0045 
 

Tissue 
(% 
fat) 

F: 
O: 
L: 

25.52 ± 5.14 
25.12 ± 5.10 
25.44 ± 4.96 

32.02 ± 6.46 
32.04 ± 6.56 
32.14 ± 6.47 

32.03 ± 9.86 
31.61 ± 9.87 
32.14 ± 9.56 

0.0018 
 

Total 
Mass 

F: 
O: 
L: 

87.4 ± 9.12*† 
87.83 ± 9.58* 
88.09 ± 9.76*† 

61.87 ± 8.27 
61.92 ± 7.88 
62.18 ± 8.19 

64.97 ± 18.34 
65.11 ± 18.33 
65.25 ± 18.27 

0.0047 
 

Note: CON: male controls, OC: oral-contraceptive users, NC: non-contraceptive 
users, F: follicular, O: ovulatory, L: luteal. η2 was used to determine time effect 
size for all three groups. Group main effect in the 3x3 RM ANOVA were denoted 
using *(p<0.05). † denotes group x visit interaction with significant increases from 
F to L in the 3x3 RM ANOVA. Standard deviations represent variability.  
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FORCE PRODUCTION 

3 x 3(CON, OC, NC) 

 During the 3x3 Repeated Measures ANOVA, there was a significant group main 

effect where the CON group had higher knee extension (p<0.001 vs OC, p=0.002 vs NC) 

and knee flexion (p=0.038 vs OC), shown in Figures 3A and 3B. There was a significant 

time main effect (p=0.007), where knee extension values were higher in the luteal phase 

than the follicular phase in the CON group. Muscle quality was assessed as lean mass of 

the  dominant limb and knee extension force production for all subjects. Running the 

ANOVA again with muscle quality values showed no significant group mina effect (p=), 

time main effect (p=) or group x time interaction (p=), which signifies the increase in lean 

mass was contributing to the males’ increase in knee extension. This may be due to 

participants not adhering to testing guidelines to maintain the same amount of exercise 

through the study. There was no time main effect found in the OC or NC groups (p>0.05). 

There was no significant group x time effect for knee extension (p=0.132) or knee flexion 

(p=0.116). Results are displayed in Table 4. η2 showed small effect sizes for all group 

force production measurements. 
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Note: OC: oral-contraceptive users, NC: non-contraceptive users, F: follicular, O: 
ovulatory and L: luteal. Significant group main effects CON > OC were denoted 
using *(p<0.05). Standard deviations represent variability. 

 

Note: OC: oral-contraceptive users, NC: non-contraceptive users, F: follicular, O: 
ovulatory and L: luteal. Significant group main effects CON > OC and NC were 
denoted using *(p<0.05) from the 3x3 RM ANOVA. † denotes group x visit 
interaction with significant increases from F to L in the 3x3 RM ANOVA. 
Standard deviations represent variability.  
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2 x 3 (OC, NC) 

The non-significant 3 x 3 Repeated Measures ANOVA was then followed by the 2 

(OC, NC) x 3 (follicular, ovulatory, luteal phases) Repeated Measures ANOVA to further 

investigate changes within the females to compare contractive use. No group main effect 

was found for knee flexion (p=0.83) or knee extension (p=1.99). No time main effect was 

found for knee flexion (p=0.63) or knee extension (p=0.96). No group x time interaction 

was found for knee flexion (p=0.054) or knee extension (p=0.707). 

1 x 3 (Collapsed Females) 

A One-Way Repeated Measures ANOVA was used to assess female characteristics 

(n=19), which showed that there was no significant visit main effect (follicular, ovulatory 

and luteal) for knee extension (p=0.95) or knee flexion (p=0.6).  

2 x 3 (Males, Collapsed Females) 

Due to the non-significance in female groups, a 2 (male, female) x 3 (follicular, 

ovulatory, luteal phases) Repeated Measures ANOVA was run to further investigate sex 

differences in force production across the menstrual cycle. There was a significant group 

main effect showing males had greater knee extension values than the females (males 

835.31±45.34 N vs females 546.35±31.2 N, p<0.001). There was a significant visit main 

effect in knee extension in the males, shown in Figure 4. Males’ knee extension was 

significantly higher during the luteal phase than the follicular phase (p=0.007). There was 

a significant group main effect showing males had greater knee flexion values than the 

females (males 308.4±20.53 N vs females 236.05±14.13 N, p=0.007). There was no 

significant time main effect (p=0.173) or group x time interaction (p=0.732) in knee 

flexion.  
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Note: OC: oral-contraceptive users, NC: non-contraceptive users, F: follicular, O: 
ovulatory and L: luteal. Significant group main effects CON > NC and OC were denoted 
using *(p<0.05) from the 2x3 (Gender) RM ANOVA. † denotes group x visit interaction 
with significant increases from F to L in the 2x3 (Gender) RM ANOVA. Standard 
deviations represent variability.  
 
 
 

Table 4: Isometric Knee Strength across the Menstrual Cycle 
  CON (n=9) OC (n=10) NC (n=9) η2 
Knee 
Flexion 

F: 
O: 
L: 

301 ± 48.5* 
305 ± 69.5* 
318.4 ± 64* 

215.3 ± 55.2 
220.3 ± 62.5 
240.5 ± 80 

240.9 ± 72.5 
246.2 ± 71.3 
231.4 ± 56.7 

0.0023 

Knee 
Extension  

F: 
O: 
L: 

810.6 ± 172.5* 
822.8 ± 180.1* 
872.5 ± 160.6* 

497.3 ± 73.3 
508.2 ± 94.2 
502.6 ± 76.6 

588.5 ± 162.1 
576.7 ± 140 
586.6 ± 157.4  

0.005 

Note: CON: male controls, OC: oral-contraceptive users, NC: non-contraceptive users, F: follicular, O: 
ovulatory, L: luteal. η2 was used to determine time effect size for all three groups. Significant group 
main effects CON > NC and OC were denoted using *(p<0.05) from the 3x3 RM ANOVA. † denotes 
group x visit interaction with significant increases from F to L in the 3x3 RM ANOVA. Standard 
deviations represent variability.  
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PENNATION ANGLE  

3 x 3 (CON, OC, NC) 

 The 3 x 3 Repeated Measures ANOVA showed were no significant group main 

effect (p=0.53), time main effect (p=0.27) or group x time interaction (p=0.97) in the 

vastus medialis (VM). The vastus lateralis (VL) also showed no significant group main 

effect (p=0.83), time main effect (p=0.11) or group x time interaction (p=0.97). Results 

revealed no significant group main effect (p=0.73), time main effect (p=0.63) or group x 

time interaction (p=0.97) in the rectus femoris (RF). Similarly, the vastus intermedius 

anterior (VIA) had no significant group main effect (p=0.95), time main effect (p=0.055) 

or group x time interaction (p=0.8). Concluding, there was no significant group main 

effect (p=1.0), time main effect (p=0.84) or group x time interaction (p=0.99) in total PA 

across the three menstrual cycle phases and three groups (CON, OC, NC). Results are 

shown in Table 5. η2 showed small effect sizes for all group pennation angle 

measurements.  

2 x 3 (OC, NC) 

The non-significant 3 x 3 Repeated Measures ANOVA was then followed by the 2 

(OC, NC) x 3 (follicular, ovulatory, luteal phases) Repeated Measures ANOVA to further 

investigate changes within the females to compare contractive use. No significant group 

main effect was found for VM (p=0.29), VL (p=0.52), RF (p=0.49), VIA (p=0.77) or total 

PA (p=0.997). No significant time main effect was found for VM (p=0.38), VL (p=0.09), 

RF (p=0.65), VIA (p=0.33) or total PA (p=0.95). No significant group x time interaction 

was found for VM (p=0.74), VL (p=0.89), RF (p=0.56), VIA (p=0.87) or total PA 

(p=0.91). 
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1 x 3 (Collapsed Females) 

A One-Way Repeated Measures ANOVA was used to assess female characteristics 

(n=19), which showed that there were no significant changes in time (follicular, ovulatory 

and luteal) for VIA (p=0.3), VM (p=0.38), VL (p=0.08) RF (p=0.61), or PA total 

(p=0.25).  

2 x 3 (Males, Collapsed Females) 

Due to the non-significance in female groups, a 2 (male, female) x 3 (follicular, 

ovulatory, luteal phases) Repeated Measures ANOVA was run to further investigate sex 

differences in pennation angle across the menstrual cycle. No significant group main 

effect was found for VM (p=0.95), VL (p=0.78), RF (p=0.89), VIA (p=0.89) or total PA 

(p=0.98). No significant time main effect was found for VM (p=0.26), VL (p=0.2), RF 

(p=0.5), VIA (p=0.15) or total PA (p=0.8). No significant group x time interaction was 

found for VM (p=0.93), VL (p=0.83), RF (p=0.98), VIA (p=0.51) or total PA (p=0.95). 

Total PA between females and males is shown in Figure 5. 
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Note: OC: oral-contraceptive users, NC: non-contraceptive users, F: 
follicular, O: ovulatory and L: luteal. Differences if present were denoted 
using *(p<0.05). Standard deviations represent variability.  

 
 
 
 
 

Table 5: Quadriceps Pennation Angles across the Menstrual Cycle 
NC vs OC (mean±SD) 

  CON (n= 9) OC (n=10) NC (n=9) η2 
PA total F: 

O: 
L: 

9.63 ± 0.98 
9.66 ± 0.99 
9.58 ± 0.84 

9.8 ± 0.9 
9.8 ± 0.9 
9.7 ± 0.8 

9.6 ± 1.1 
9.6 ± 1 
9.6 ± 1 

0.00002 

RF F: 
O: 
L: 

13.06 ± 1.46 
12.96 ± 1.51 
12.9 ± 1.29 

13.3 ± 1.5 
13.2 ± 1.6 
13.1 ± 1.4 

12.6 ± 1.9 
12.6 ± 2.1 
12.6 ± 1.9 

0.0229 

VIA F: 
O: 
L: 

4.39 ± 0.91 
4.68 ± 1.03 
4.45 ± 0.81 

4.7 ± 1 
4.8 ± 0.9 
4.6 ± 0.8 

4.3 ± 1 
4.4 ± 1.1 
4.4 ± 1 

0.048 

VL  F: 
O: 
L: 

11.07 ± 1.21 
10.95 ± 0.9 
11.04 ± 0.95 

11.3 ± 0.5 
11.2 ± 0.8 
11.3 ± 0.8 

11.2 ± 0.7 
10.9 ± 0.5 
11 ± 0.5 

0.013 

VM F: 
O: 
L: 

9.83 ± 1.56 
10.04 ± 1.83 
9.942 ± 1.54 

9.8 ± 1.8 
9.8 ± 1.9 
9.9 ± 1.9 

10.4 ± 1.81 
10.6 ± 1.8 
10.4 ± 1.9 

0.004 

Note: CON: male controls, OC: oral-contraceptive users, NC: non-contraceptive users, F: 
follicular, O: ovulatory, L: luteal. η2 was used to determine time effect size for all three 
groups. Differences in mean±SD if present were denoted using *(p<0.05). Standard 
deviations represent variability.  
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DISCUSSION 

 This section will present a detailed account of the results found in this study for 

both groups separated and combined. Results will be examined with respect to previous 

literature.  

MAIN FINDINGS 

1. Weight, BMD, Fat-free mass (g), lean mass (g), total mass, android (% 

fat), force production as determined by knee extension MVIC, is 

significantly higher in males (CON) when compared to females (OC, 

NC).  

2. Isometric knee strength and knee and hip ROM did not significantly 

change through the menstrual cycle for contraceptive users or non-

contraceptive users.  

3. The PA of the individual’s muscles of the QF; the VM, VL, RF, and 

VI; did not significantly change throughout the menstrual cycle in any 

group.  

BODY COMPOSITION / ROM 

As expected, CON males had significantly higher weight (p<0.005) and lean mass 

(g) and total mass (p<0.001) when compared to females in the OC and NC groups. The 

CON group had significantly higher lean mass during their ovulatory visit (62813±2115g) 

when compared to their follicular visit (62168±2115 g) (p=0.044). This finding in the 

CON group is limited by not having repeated IPAQ and nutrition logs every week of 

testing. Although participants were encouraged to keep the same diet and exercise 

schedule, we cannot justify why there was an increase between their follicular and 
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ovulatory phases in lean mass. Gynoid fat was significantly higher in both female groups 

(OC, NC) when compared to males (p=0.012 for both OC and NC). This is in accordance 

with other research studies, which illustrates that females have more gynoid fat, while men 

have more android fat.35,36,37 Fat deposition regions (android, gynoid and android/gynoid 

(A/G) ratio) are other body composition measurements that were assessed via DXA. 

Android body type is more common in males and is indicative of increased risk for 

cardiovascular disease and diabetes mellitus35.  Meanwhile, women on average have more 

gynoid body types. A/G ratio, similar to hip-waist ratios, are commonly used to assess 

where the majority of fat is located which can help us non-invasively understand overall 

health and risk for disease.35 Gynoid % fat was significantly higher in the female groups 

(OC and NC) than males (CON) (p=0.012 in both OC and NC), which is in line with past 

research.35  CON males had significantly higher A/G ratios compared to female (OC and 

NC) (p=0.004 in both OC and NC), which is linked to the lower gynoid fat in the males.   

The data of this study suggests that hip and knee ROM and body composition 

measurements via DXA may not be altered significantly throughout the menstrual cycle. 

This is similar to the findings by Luiz da Silda Texeira et al. who assessed body 

composition (body mass, height and BMI) as well as sit-and-reach flexibility 

measurements in the follicular and luteal phases of the menstrual cycle in contraceptive 

and non-contraceptive women.5  They found no significant body composition or flexibility 

differences were found between or within the control or experimental group.5 When 

comparing contraceptive and non-contraceptive users, we found that on average the non-

contraceptive users had more hip extension ROM through all three phases when compared 

to contraceptive-users (p=0.049). We also found that there was a 11% absolute difference 
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between menstrual cycle phases (p<0.05).This may be due to the increased laicity that 

occurs during menses and ovulation.38 It has been shown to be a link to hamstring strains 

and ACL tears.1,2,8  Samuelson et al. completed a systematic review over hormonal 

contraceptives having a “protective benefit” for potential injury.8 Although that literature 

is very conflicting, ROM may be a future topic of interest for female athletes and track 

menstrual cycle changes. The 1-Way Repeated Measures ANOVA showed no significant 

changes in time (follicular, ovulatory and luteal) for any ROM variables in all females 

combined.  

Our results also coincide with Podfigurna-Stopa et al. who assessed body 

composition in women with functional hypothalamic amenorrhea.38 Similar to our results, 

they found no significant differences in total body fat mass (TBFM), total body lean mass 

(TBLM), bone mineral density (BMD). All of our data (% fat, total mass, lean mass, fat 

free mass) showed <1% absolute difference in all DXA variables  Data shows that water 

retention occurs during the pre-ovulatory phases (follicular and ovulatory phases), but 

these results suggest that using a DXA scan may limit our understanding of what 

physiological variables are impairing fluid and electrolyte balance, leading to sodium and 

water retention during the menstrual cycle. The 1-Way Repeated Measures showed no 

significant changes in time (follicular, ovulatory and luteal) for any body composition 

variables in all females combined. The lack of group differences and collapsed females 

differences across the menstrual cycle all led to the rejection of the hypothesis that ROM 

or DXA body composition will change through the menstrual cycle. 39 It is important to 

note that when comparing the female groups for differences in contraceptive-use, statistics 
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were underpowered (<0.8), concluding that a larger sample size may have altered result 

even with small effect sizes.   

 

FORCE PRODUCTION 

 As expected, the males in this study were significantly stronger than both female 

groups in knee extension (<0.001) and knee flexion (p=0.038). Results showed neither of 

the two female groups (OC nor NC) had significant isometric force production changes 

throughout their menstrual cycles. A study by Janse de Jonge assessed isometric 

quadriceps strength in  oral contraceptive through hormone assays.3  No significant 

differences were found between any of the phases of the menstrual cycle in isometric 

quadriceps strength, which corresponds with our results. Our results do not align with 

Sarwar and colleagues who found that isometric strength increased during the ovulatory 

phase in non-contraceptive women.4 This study looked at early and mid-follicular, mid-

ovulatory and mid and late-luteal phases, while we only assessed early follicular (menses), 

mid-ovulatory and mid-luteal. This may be due variations in scheduling menstrual cycle 

visits off of menstrual cycle questionnaires, which is a limiting in both studies when 

compared to hormonal assays.   

As previously mentioned, group differences as determined by 2-way RM ANOVA 

analysis were not significant for any factors in the OC and NC groups. The 1-Way 

Repeated Measures ANOVA showed no significant changes in time (follicular, ovulatory 

and luteal) for any force production variables in all females combined. The lack of group 

differences and collapsed females’ differences across the menstrual cycle all led to the 

rejection of the hypothesis that force production will change through the menstrual cycle. 
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The menstrual cycle phases appeared to have no effect on force production, but it is still 

recommended to control for menstrual cycle potential fluctuations when testing female 

participants in the future.  

PENNATION ANGLE 

 The results of this study showed PA in the QF muscles was not significantly 

altered through the follicular, ovulatory and luteal phases of the menstrual cycle, 

regardless of group. To our knowledge, no other studies have assessed menstrual cycle 

changes on PA. This coincides with Baroni et al. who after 4, 8 and 12 weeks of resistance 

training found that PA was unchanged.30 The 1-Way Repeated Measures ANOVA showed 

no significant changes in time (follicular, ovulatory and luteal) for any pennation angle 

variables in all females combined. The lack of group differences and collapsed females 

differences across the menstrual cycle all led to the rejection of the hypothesis that 

quadriceps pennation angle will change through the menstrual cycle. It is possible the 

small sample size and lack of experience of ultrasound measurements by the researchers 

limited the study’s ability to find interactions between phases. If possible, future research 

should examine these factors with a larger group and with a researcher or trained 

individual who is experienced in the use of ultrasonography.  

MENSTRUAL CYCLE CONSIDERATIONS 

 Previous research has extensively examined menstrual cycle fluctuations in 

exercise performance testing between various phases and samples.4,17,40 However, due to 

small sample sizes and requiring < 6 months for the regulation of hormone levels for oral 

contraceptive use or non-use, research was still needed to investigate changes in body 

composition, force production and mobility. To our knowledge, no research has examined 
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the change in pennation angle across the menstrual cycle. Gaining an understanding of 

how the menstrual cycle relates to tested measurements could be the next step towards 

using these variables to determine training needs in athletes or to identify deficiencies 

resulting from prior injury or disease in clinical populations.  
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CHAPTER V  
CONCLUSION  

 
The purpose of this study was to assess changes in lower limb muscular architecture 

(pennation angle (PA)) and functional parameters, such as: strength, mobility, lean mass, 

fat mass, in females during the luteal, ovulatory and follicular phases of the menstrual 

cycle. A secondary purpose of this study is to examine differences in physiological 

variables between non-contraceptive users and hormonal contraceptive users.  

Research Questions 

1. What are the differences in hip and knee ROM across menstrual cycle phases?  

2. What are the differences in body composition values across menstrual cycle phases? 

3. What are the differences in force production (FP) across menstrual cycle phases? 

4. What are the differences in pennation angle (PA) across menstrual cycle phases? 

Hypotheses 

#1 H0: There will not be a difference in hip and knee ROM across menstrual cycle phases.  

#1 H1: There will be a difference in hip and knee ROM across menstrual cycle phases.  

→ Fail to reject the null hypothesis. No hip and knee ROM differences were found 

across the menstrual cycle phases. 

#2 H0: There will not be a difference in body composition values across menstrual cycle 

phases.   

#2 H1: There will be a difference in body composition values across menstrual cycle 

phases.   

→ Fail to reject the null hypothesis. No body composition differences were found 

across the menstrual cycle phases.  

#3 H0: There will not be a difference in force production across menstrual cycle phases. 
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#3 H1: There will be a difference in force production across menstrual cycle phases. 

→ Fail to reject the null hypothesis. Force production differences were found across 

the menstrual cycle phases.  

#4 H0: There will not be a difference in pennation angle across menstrual cycle phases. 

#4 H1: There will be a difference in in pennation angle PA across menstrual cycle 

phases. 

→ Fail to reject the null hypothesis. No pennation angle differences were found 

across the menstrual cycle phases.  

 

CLINICAL SIGNIFICANCE  

 The absence of menstrual cycle research and the amplified injury risk in females 

suggest that we should expect to see alterations in testing measurements through the 

menstrual cycle. The lack of significant changes in variables between the NC and OC 

groups indicates oral contraceptives may not play a role in altering changes in body 

composition, hip and knee ROM, isometric knee strength and quadriceps PA.  However, it 

is possible a larger study would suggest otherwise. Although there were no significant 

changes in our measurements, it is important to control for the testing phase for future 

research studies to minimize error with hormone fluctuation through the menstrual cycle.   

FUTURE RESEARCH 

This research should be taken and applied to future research studies. Future 

researchers should examine these measures on a larger scale in a population who are 

various types of birth control. Through recruiting, there were many hormonal and non-

hormonal IUD users that could not participant in the current study, which would only 
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enhance exercise endocrinology research. Female athletes could also be used to examine 

changes in our testing variables through the menstrual cycle and throughout a sport’s 

season. The second direction would be a longitudinal study of female athletes with 

hamstring strains and ACL tears and how their muscle architecture, body composition and 

force production differ from the results seen in the current study’s healthy population. 

Assessing other lower limb architecture, strength and ROM may be helpful in discovering 

what is truly being altered through the menstrual cycle.  

LIMITATIONS 

 The results of this study are only representative of college-aged participants 18-30 

years old from the Norman area. Additionally, muscle architecture was estimated based on 

locations previously determined to be most representative of whole muscle architecture. 

Although the interrater reliability for pennation angle was < 2%, since there were repeated 

measures occurred a week apart, image locations may not have been as precise as 

intended. This study was limited by individual variability of hormone levels that were not 

assessed and estimated by a Mensural History Questionnaire. Participants were 

encouraged to give maximal effort on all MVIC testing, but once again the time between 

visits as well as a training effect may have influenced results. Five participants did not 

complete the study, although our sample was still within our G-Power analysis predicted 

range, a higher sample size in each group would have been ideal.   
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