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A study of ageing voice and the hormonal, social, and physiological changes that affect cis-gendered women as they age. 

1: Portfolio 

Introduction & Rationale 

The aim of this study is that I will be able to advance my general knowledge of cis-gendered female ageing voice which will increase my ability and confidence to take an informed, science-based approach toward my coaching. By starting at birth before moving through the various cycles of life, I will be able to broaden my understanding of the journey of the cis-gendered female (CF) voice overall, leading to a more informed practice in general when working with students of varying ages. The study will include the various facets involved within vocal coaching such as singing pedagogy, and performance coaching, along with a deeper analysis and investigation into the elements of hormonal influence, and laryngeal structure changes with age before looking more in-depth at peri and menopausal voice use in elite level singers and the physical and mental well-being of the ageing singer. To enable a deeper understanding of this subject one must remain mindful of my experiences as a cis-gendered man and the vast differences my voice and body will have experienced in life to those whom my study aims to benefit. There are several resources at my disposal, meaning I will be able to advance my skills appropriately. My initial research into the ageing voice will enable me to gather a more generalised view of the topic, as it is a new arena for me as a voice coach. Taking time to research the fundamentals of voice change from childhood through to senescence will broaden my knowledge and enable me to deepen my understanding of hormones affect the CF voice in general.  This initial research will then enable me to take a more focused and informed look at the specifics of menopausal voice at varying stages, and its subsequent effect on the voice. 

As a singing teacher of predominantly young and adolescent voice users, I was approached by two CF colleagues regarding vocal changes they were experiencing as part of the ageing process and asked if I would be able to assist them in the navigation of these changes. Ageing voice is an area in which I have little knowledge for two reasons: Firstly, is that as a cis-male (CM) singer and tutor in my 30s, I may have experienced hormonal voice change, but I have not experienced menopausal voice changes. Secondly, as previously stated, most of my teaching experiences relate to young or adolescent voices and the common concerns found within that area. 

As previously mentioned, my interest in this subject was sparked when two colleagues of mine approached me regarding changes in their vocal abilities. Performer 1 (P1) is a highly experienced West End dancer, actor and singer who is approaching her mid-40s, and is noticing changes typically associated with peri-menopausal voice change (Prior & Hitchcock, 2011). Performer 2 (P2) is also an established performer with many West End credits to their name. P2 is in her 60’s. After taking a few years out of performing she is returning to the West End in October 2023. Whilst P1 and P2 are at different stages of their life cycle, they do share some similarities in that they are both self-admittedly dance trained and have often relied on their own “natural abilities” as opposed to specific voice models or extensive vocal training. As such, this lack of technical knowledge combined with the effects of use over time and hormonal influences of voice change has left them feeling less confident in their abilities. 

To develop my technical expertise, I must first build my subject knowledge through in-depth, thorough research, beginning with a deeper look into the general effects of ageing on the voice before focussing my reading on adult females, leading to menopause, and later in life. It is my aim that developing my skills will enable me to equip my students with the necessary knowledge to empower themselves to continue their vocal journey whilst allowing me to explore varying technical ideologies to broaden my skill set, leading to a more informed teaching practice. 

Planned Programme of Study

Aims and Objectives:
Specific aims for this module are: 
· To deepen my understanding of the ageing voice as a whole, with the aim of improving my skillset as a vocal tutor.
· To ensure that I have equipped myself with the most appropriate, peer-reviewed scientific findings relating to adult female voice change relating to menopause and voice age to ensure I am teaching in the most informed way possible.
· Finally, I wish to improve my research practices with the aim of completing highly researched and informative literature reviews in the future. 

Specific objectives for this module are: 
· To conduct a thorough literature review using a variety of sources including books, journals, articles, and websites that pertain to the life cycle of the human voice, before taking a deeper look into perimenopause, menopause, and ageing. 
· To ensure I give an overview of the subject from overall hormonal change from childhood to senescence before a more voice use and singing-specific investigation considering the social aspects of ageing cis-female voice.
· To ensure I identify any gaps in my knowledge and make the appropriate steps to ensure that I am applying the knowledge found in my coaching sessions in the most informed way possible. 

Proposed Plan of Study:
	TASK
	FEBRUARY
	MARCH
	APRIL
	MAY
	JUNE
	JULY

	Meet with tutor and decide on topic
	
	
	
	
	
	

	Development of learning aims and objectives
	
	
	
	
	
	

	Begin research for literature review
	
	
	
	
	
	

	Compete the first draft
	
	
	
	
	
	

	Re-writes
	
	
	
	
	
	

	Submission 
	
	
	
	
	
	



Literature Review Process 

This literature review Presents the opportunity to study an interesting and challenging topic which will allow me to develop higher cognitive abilities that may serve my work-based practice (Greetham, 2023). In my review, I am to research the following:

· Deepening my pedagogical knowledge around the effects of hormones on the cis-female voice from childhood to menopause and beyond.
· Singing in later life, the social and health implications. 
· The Anatomical and Physiological changes in the body such as:
· The Larynx, Tongue, and Vocal Tract
· The aftermath of post-menopausal voice use. Ensuring that I am aware of the impact of voice change on my student's well-being. 

By taking a purposeful sampling approach to this literature review as laid out by Palinkas et al., (2016) I will be able to identify a rich selection of information relating to my topic of interest. Purposeful sampling is known to be used within the qualitative research method (Patton, 2002). Ensuring that the sampling remains consistent is of the utmost importance, and keeping the information consistent in its quality and within relation to a qualitative research method will increase the validity of my findings (Palinkas, et al., 2016). I aim to use specific words within my search criteria such as “Singing”, “Menopause”, “Hormones” “Voice” ensuring that I use papers referring specifically to the cis-female voice with a preference where possible to more recent research within the last 10 years or ground-breaking studies that are well known and respected. 

The timescale in which I am working presents some constraints and as such, a specific and organised approach as outlined by Al-Ababneh, (2020) will enable me opportunity to progress quickly, but accurately by taking a specific approach to pre-determined and specific areas of interest which will allow me the opportunity to focus on the areas most relevant to my desired outcomes (Galupo, 2011). Greetham proposes the idea of a ‘retrieval system’ in which ideas are registered and noted as they occur for later reference (2023, pg. 57). Further guidance from Machi and McEvoy (2023) encourages writers to employ fluidity in their research and findings which will allow them to be guided by the topic and open them up to new ideas and theories. Furthermore, an appropriate data storage system should be implemented for references and ease (Diego, 2023). The information I find is stored via Zotero, a research organising system that I have used previously which enables a multitude of ways in which I can access and present my findings (Scholarship, 2023). 

Thus far in my research, I have found the subject of menopause accessible, with material from various time periods. Where specifics relate to professional voice use and elite-level singers, there is less research to use. To facilitate scientific rigour, I must ensure that I use up-to-date findings and important historical ones alongside ensuring I take influence from leaders in the subject field such as those who have written extensively around the subject and who have achieved publication using academics like Abitbol (1999) who conducted research on the hormone receptors of the voice, Bozeman, Boss and Neely (2020) who created the first ever book dedicated to the ageing female voice as a starting point. This will ensure that my research and subsequent findings are going to benefit myself and my students in the best way possible. Initial research around my subject of general effects that age has on the voice led me to material in journals published for the National Journal of Health, Elsevier Speech and Communication, The Gerontological Society of America, and the Psychology of Music. I also had access to online seminars provided by The Voice Study Centre on Sex Steroids & Hormones with Filipa La, Developing Voices with Karen Brunssen and Menopause with Joanne Bozeman (Centre, 2023) which all provided excellent starting points in my educational journey. The task then became ensuring I was thoroughly examining the works, ensuring that I determined their validity and relevance to the subject (Greetham, 2023). 

When I came to the planning stages of this module, I had assumed that I would align with the holistic and fluid approach offered by a Qualitative research methodology (Marshall & Rossman, 1995). However, in my research, I am approaching this subject through the lens of a cis-gendered male, and therefore I must put actions in place to assure my own thoughts and biases are not placed on the project (Culp & Salvador, 2017). The research presented and its subsequent use must remain within the parameters I set for myself in order to enhance the results of the findings on the subjects which it is intended to help (Galupo, 2011). With my lived experiences, there is a definite risk of undertaking this project without acknowledgement of bias, which means that the work undertaken could result in a skewed perception of results (Davies, 2016). Consideration must also be taken to ensure that I do not allow my work with a specific set of individuals, within a controlled environment to become representative of this subject as a whole. 

Critical Reflection – The Learning Process 

The aim of this literature review was to enable me the ability to further educate myself on the hormonal and physical effects that ageing has on the cis-gendered female voice. Greetham describes that the process of a literature review can feel daunting at the start as you make your way through the content, responding to the challenges encountered and finding new avenues that intrigue you to explore (2023, pg.ix). Initially, I did have some hesitations about my ability to complete this review. Having had so little prior knowledge about menopause I was concerned about how to conduct the research and present it in a way that put the subject first, conscious of my potential gender bias as a cis-gendered man. Often in medical research concerning CF bodies, there has been a gender bias perpetuated by cis-male-led research and a diminishment of the needs of women in both research and researcher positions (Risberg, et al., 2004). Examples of this include initial studies to reduce menopause and menopausal complications to deficiency diseases which could not be treated medically (Verdonk, et al., 2009).

As research commenced, I had assumptions that literature on the subject would be easily found regarding the specific areas of interest that I had. However, there seemed to be a concentration of research in the late eighties, through to the nineties and early two thousand, but more up-to-date research is more scarce meaning that my initial plans of using literature from the last 10 years needed to be amended. This was easily done and clearly evidenced that my area of research is indeed needed. It was hard to not feel overwhelmed in this initial stage and because of this feeling I began to research into wider parameters than intended by using literature from contributors to the subject that were more than 10 years old. For example, some of Abitbol’s’ earliest work was produced in 1999, and I felt it important to still include that ground-breaking research in some way. In order to try and gain additional literature for my review and bibliography. This approach enabled me to gain more information about the topics of body changes and general hormonal shifts in the human body, which in turn I was able to digest and re-direct specifically in the direction of menopause and singing. Key contributors in the field were identified and through scanning their bibliographies I was able to search deeper into the subject matter from there. 
	
	Acquiring the book Singing Through Change: Women’s Voices in Midlife, Menopause, and Beyond by Frazier-Niely, Bozeman and Bos (2020) enabled me to begin looking at the research from a different perspective, it also enabled me to look further into the research of the authors themselves and formulate a study plan moving forward. This book also initiated a conversation with my own singing tutor, who was herself a contributor (under an alias) which resulted in some insightful shared resources and conversations that enabled me to study further. 

	I began looking at implementing some of my reading into my classes with the previously mentioned singers that I was working with. When passing on the information to them, I was surprised at how much they were not aware of the muscular and skeletal changes that had occurred or were going to (Kost & Sataloff, 2018). Conversations around hydration and dryness showed that they had a good level general of awareness in this subject area, but I was glad to be able to help further their knowledge in other aspects of menopausal voice and singing. Areas that they found particularly interesting and useful in the practical application were tongue training and vowel forming/modification exercises and breathing, with positive results occurring rather quickly after only a few sessions. This positive reaction to my research helped to reassure me that I needed to continue on this educational journey whilst also showing me that this was just the beginning of a long and interesting subject of research. 

2. The Assignment

‘A study of ageing voice and the hormonal, social, and physiological changes that affect cis-gendered women as they age.’

This topic is new to me, meaning that starting by educating myself on CF voice from childbirth onwards will enable me to fully comprehend the life cycle of the female voice and appreciate the effect of menopause on later-life voice use and the physical changes the body undergoes in the menopausal process and looking at ways in which I can create healthy habits based on science for my singers which will aid them in their menopausal journey (Beeman, 2017). 

Identifying an appropriate reflective model was paramount to the success of this study. Initially, I identified the Brookfield approach which has the inclusion of multiple points of reflection that can in turn deepen the researcher’s points of view thus creating a deeper impact (Answers, 2018). My approach to this module has a dual perspective. As a tutor I will have my own desired outcomes which may differ from the desired outcomes of my students, who will also have their own pre-supposed ideas of possible results and what they can gain from my research. This model would have enabled me to explore this further and better approach the needs of my students and those of other tutors also. While I appreciate the merits of Brookfield’s model, I felt that for my learning style, Gibb’s Reflective Cycle would ultimately serve me better (University, 2022). Gibb’s model takes the approach of the researcher using repetitive cycles, encouraging learners to replan/re-attempt areas that may not have gone to plan on their first attempt (Edinburgh, 2011). This idea of replanning/re-learning appealed to me as a learner who struggles with time management and work/life balance. Having the option to re-address or restart when issues arise felt beneficial for me at this point in my learning journey.

Hormones and the Voice - Childhood to Senescence 

Childhood - The larynx is defined as a secondary sex organ and as such, is influenced by sex hormones which can cause considerable changes to the structure over our lifespan (Zamponi, et al., 2021). At birth, an infant's larynx is one-third the size of an adults (Becker, et al., 2015). The positioning of the larynx also differs from that of an adult, in that it is in a higher position, which in turn facilitates the placement of the epiglottis behind the soft palate, creating the ability to simultaneously suck and breathe which enables feeding of a new-born child (Borysiak, et al., 2017). As we journey through childhood, the cricoid cartilage in the larynx begins to descend, while this is happening the configuration of the infant larynx remains different from that of an adult, as infants possess an omega-shaped epiglottis with a rounded inferior aspect of the cricoid cartilage, the connective and submucosal tissues are softer and more pliable and less fibrous (Kakidkar, et al., 2012). 

	Sex hormones play an integral role from the time period after birth in which there is a hormonal surge in the body as gonadotropins and sexual hormones are released. Wermke, et al., 2018 detail this as being similar to teenage puberty, where cis-gendered males (CM) have higher levels of testosterone whilst cis-gendered girls have higher levels of bioavailable estradiol. Further to this, Wermke et al. researched infantile crying patterns and their melodies, discovering that babies whose cries had been influenced by estradiol had variables from those who were testosterone influenced, an initial indication of the variations in cis-gendered infancy and hormonal effects on the voice. During childhood, researchers found no further changes occur to the vocal organ through hormone introduction (Markova, et al., 2016). 

Puberty – This is an important and formative stage of our lives in which our bodies and minds go through important, often irreversible changes (Evans, et al., 2018). With regard to functional changes in the larynx, enlargement and elongation of the larynx, vocal folds and vocal tract occur in different measures. In CMs, the vocal folds can reach up to 1.6cm in contrast to CFs which reach around 1cm (Markova, et al., 2016). Changes in vocal folds are also supported by overall growth in the vocal tract, again with CM’s gaining a mean vocal tract length of up to 16.9cm in comparison with 14.1cm in CF’s (Newman, et al., 2000). During the puberty process vocal mutation varies between individuals, however, CM voices have been found to drop up to one octave while the CF voice can drop in 3 - 4 semitones (Zehnhoff-Dinnesen, et al., 2020). 
Voice change typically presents itself in a number of ways that can be broken down into the following subsections:
· Pre-pubescent voice change period: The voice user begins to notice changes in their voice quality as it becomes flatter in places, with occasional hoarseness and breathiness (Evans, et al., 2018).
· During the pubescent voice change period: intonation becomes less cohesive, with sudden changes in pitch and timbre with additional issues regarding falsetto voice (Newman, et al., 2000).
· Post-pubescent voice change period:  consists of a gradual return of vocal control and precision, moving towards the typical adult timbre and qualities (Gunjawate, et al., 2017). 
	
Menstrual Cycle – CF menstrual cycles are the result of an increase and decrease of sex hormone levels in the body, particularly oestrogen and progesterone (Schaadt, et al., 2015). A number of voice changes have been documented across the varying stages of the menstrual cycle with some researchers proposing that the best way to observe hormonal effects on the vocal system is during the ovulatory period when oestrogen is at its highest level (Raj, et al., 2010). This opinion is further backed by research showing that increased oestrogen leads to increased mucus in the glandular cells above and below the vocal fold edges which results in an improved viscosity in the vocal fold mucosa which is further improved by the influence of the oestrogen on the permeability of the blood vessels and capillaries of the vocal folds (Abitbol, et al., 1999). Conversely, research has shown that CF have reported issues of vocal impairments during the pre-menstrual phase of their cycle (Davis & Davis, 1993). Such issues can include a decrease in vocal efficiency, flexibility, breathiness, hoarseness, range and intonation issues and fatigue and can sometimes be referred to as ‘pre-menstrual dysphonia’ (Gunjawate, et al., 2017). 

	Pre-menstrual dysphonia is conjecturally thought to be a result of sex hormones interacting with the vocal fold tissue (Abitbol, et al., 1999). Additionally, researchers found significant similarities when the CF larynx was examined and compared to a smear of the vaginal cervix, giving further validity to the claims of correlation between the two which was supported by deeper research that found the presence of sex hormone receptors on human vocal folds (Kirgezen, et al., 2017). A study conducted by Abitbol, et al. examined the anatomical and functional features of the CF vocal mechanism, more specifically, the vocal folds in the varying stages of the menstrual cycle and found that during the pre-menstrual cycle when progesterone levels are higher and full menstrual cycle when progesterone levels were lower that there were no important differences in the vocal fold vibratory qualities and acoustic signals (Abitbol, et al., 2018). In contrast to those findings, when the progesterone levels throughout the menstrual cycle were analysed, there was evidence of a decrease in laryngeal vascularity when those levels were higher (Brunings, et al., 2013). Increased progesterone adversely affects the ability of the vocal folds to secret mucosa along the edges, which can contribute to vocal dryness that could account for the issues that some women report during their monthly cycle (Gunjawate, et al., 2017).

Pregnancy – Throughout pregnancy many psychological, physical and physiological changes happen. The levels of oestrogen and progesterone in the body are higher and fluctuations are less common (Sherlie & Varghese, 2014). Reports of vocal change during pregnancy also detail hormonal changes also affecting the respiratory system along with the vocal folds (Hadman, et al., 2018). Both the upper and lower respiratory tracts are subjected to considerable changes during pregnancy, the thorax endures both anatomical and physical changes as it widens on average from 68° to 103° alongside the transverse diameter of the chest also increases by around 2cm and the circumference expands between 5-7cm (Gilroy, et al., 1988). As the pregnancy advances, the diaphragm also rises by up to 4cm and due to this the overall lung function of the expectant reduces (Weinberger, et al., 1980). Congested has also been reported due to the mucosa being influenced by hormonal changes, this then leads to pregnancy-induced rhinitis which occurs in 22% of women (Ellegard, et al., 2000). As a result of this, oral breathing due to congestion leads to negative results for the vocal mechanism due to dehydration of the vocal folds (Alves, et al., 2019). 

	Higher levels of progesterone equate to a reduction of mucosal production and an increase in viscosity which leads to laryngeal dehydration (Hadman, et al., 2018). Additionally, there is a thinning of the vocal fold mucus, reduced control of the vocal fold muscles and inflammation which has a detrimental effect on successful vocal fold closure and vocal phonation (Abitbol, et al., 2018). Vocal fatigue symptoms and altered quality of voice have been reported during the third trimester including dehydration, loss of range, control and flexibility (Ghaemi, et al., 2018). 

Perimenopause – this stage of the female hormonal journey has been defined as the period immediately preceding menopause, with endocrinological, biological and clinical precursors to menopause (Hale & Burger, 2009). The hormonal change from reproductive to non-reproductive states typically begins in the mid to late 40s of the CF life cycle (Prior & Hitchcock, 2011). During perimenopause, hormones will fluctuate almost daily, not unlike what is experienced in the adolescent voice change (Hoyt & Falconi, 2015). Fluctuation in vocal consistency due to hormonal influence means that the voice becomes unpredictable and can result in the voice users' confidence becoming affected (Albin, et al., 2012). One major contributor to these vocal inconsistencies is the fact that progesterone quantity begins to reduce as the perimenopause timeline increases (Abitbol, et al., 1999). 

Hot Flashes (HF) are an issue for most CF when in perimenopause, often mistaken to only occur later when the body is determined to be in a menopausal state (Education, 2009). HF have been found to affect approximately 55% of women who would consider themselves perimenopausal as indicated by their menstrual irregularity (Bansal & Aggarwal, 2019). The trajectory of HF shows that they increase as CF approach menopause, with more intensity toward the end before gradual subsidence in post menopause (Reed, et al., 2014). Approximately 25% of women have been found to continue experiencing HF after menopause, additionally that, 1/3 have reported that HF have affected them almost ten years after menopause, and in extreme cases, 8% of women have suffered from HF well into twenty years after the experience of menopause (Zeleke, et al., 2015). During the HF process blood flow increases and hyperthermia appears in major portions of the body, temperatures begin to rise and some of the highest recorded measurements taken in fingers and toes were between 20 degrees Celsius and 33 degrees Celsius (Sturdee, et al., 2017).

Dry throat is also reported as a symptom of perimenopause that often persists into postmenopausal life also (Ciesielska, et al., 2022). A decrease in oestrogen hormone production has an impact on the oral mucosa in a similar way it does on the vaginal mucosa because of the similarities of the receptors in both structures (Takahashi & Johnson, 2015). Xerostomia is detailed as a subjective feeling of dryness, it predominantly affects those over 50 years old and is most commonly found in peri and postmenopausal women (Srebrynska-Witek & Agnieszka, 2013). Salivary production rate is dependent on the oestrogen production status of the individual, and studies show decreased salivation rates in perimenopausal, and menopausal women compared to those in the reproductive stage (Petkowicz, et al., 2013). With a reduction in saliva production comes other complications. As saliva is considered the principal defence factor for the health of the oral cavity, changes in the amounts produced can lead to complications in both oral cavity health and efficiency of use (Rajesh, et al., 2015). A healthy production of saliva is paramount in ensuring sufficient and constant lubrication of the oral tissues and vocal tract and can be detrimental to the successful production of speech and singing (Foglio-Bonda, et al., 2019). 

Vocal Fold Hydration (VFH) is maintained by the fluid produced by the body and water compartments and is generally measured by the amount of fluid in the body and vocal fold tissue (Sivasankar & Leydon, 2010). The biomechanical makeup of the vocal fold tissues determines the dynamics of subsequent vocal fold vibration (Titze, 1998). The amount of hydration held in the vocal folds directly correlates to their ability to function and produce ideal phonation threshold pressure (PTP) which is a measure of the ease of phonation whilst also being an indicator of vocal fold hydration and health (Verdolini, et al., 1990). VFH also correlates to vocal fold viscosity, the thickness of the tissue and overall elasticity, which all contribute to optimum voice use for both singing and speaking (Chan & Tayama, 2002). Viscosity in particular has importance when taking PTP into consideration. Both are dependent on hydration factors in order to achieve a symbiotic relationship (Sivasankar, et al., 2012). During perimenopause, as oestrogen levels in the CF body begin to decrease, the body's ability to hold on to water is reduced, which then has an effect on VFH and general hydration overall. An increased hydration strategy should be employed, particularly by those who are professional voice users (Agha-Hosseini, et al., 2007).  

Menopause – going through menopause is a certainty in the CF lifetime (Mauro, et al., 2023). A depletion of oestrogens can lead to physical, mental and vocal symptoms that affect professional voice users (PVUs), in particular, an exorbitant amount. PVUs rely on the consistency, familiarity and quality of their voices in order to achieve career success, when this quality begins to become unfamiliar, there can be drastic consequences as the bio-acoustical DNA of the voice production system results in singers becoming particularly aware of changes to both their physical and biological surroundings which can ultimately interfere with the vocal instrument and the PVU’s ability to execute vocalisations in optimal ways (Lã & Woznicki, 2017). As previously mentioned, research has shown that variations in the concentrations of sex steroid hormones have a detrimental effect on the vocal folds and their ability to help produce sound (Lã, et al., 2007). 
	CFs are said to have reached their natural menopause (i.e. no medical procedures such as a hysterectomy) when they have missed twelve menstrual periods consecutively, meaning that menopause can only be diagnosed retrospectively (Hale, et al., 2007). Predicting menopause has proven rather difficult as the oocyte depletion in the ovaries does not occur at a constant rate, meaning that ago alone is a non-conclusive measure of menopause itself (Mauro, et al., 2023). In order to alleviate the difficulties in diagnosing reproductive ageing, the Stages of Reproductive Aging Workshop (STRAW) suggested combining the known information on menstrual cycles with the endocrine and biochemical markers to create indicators (Harlow, et al., 2012). 
	The physical impacts of menopause have been determined as irregular periods, hot flashes, mood swings, sleep disturbances, and vaginal dryness combined with psychological changes such as anxiety and depression (Santoro, et al., 2015). Where the voice is concerned, menopause has been found to impact the mucosal membranes that line the vocal tract and muscles of the larynx (Abitbol, et al., 1999). Impact on the mucus membranes due to hormonal influences has been linked to vocal fold oedema, loss of vocal flexibility, and dryness of the mucosa which can lead to the reduction of glandular secretion production and subsequently has an effect on the efficiency of the glottal closure (Patel, et al., 2021). Further details of vocal concerns in menopause include an increase in vocal fatigue, a lowering of the tonal qualities in the speaking voice, a decrease in vocal control extending to flexibility and register access, more trouble in achieving power in the voice and overall hoarseness (Plexico, et al., 2020).
	With regard to the subject of menopause, singing, and pedagogical implications there are ideas presented by Price, (2013) suggesting that a steady and student-led approach to menopausal voice training can benefit CF singers before, during and after menopause (Ouyoung, et al., 11). All voice training at the pivotal stage in CF development should be adapted alongside healthy vocal practice which in an ideal world would have been implemented from a young age. Creating healthy vocal habits from childhood through to menopause will mean that singers are able to overcome challenges because of their previous training, thus leading to more ease as their voices change and develop with age (Allen, 2006).
Menopause and the Vocal Folds - The area of the vocal system that appears to be the most affected by menopausal voice change is the vibrating vocal folds  (DeMaio, 2013) . Other areas (the larynx and vocal tract) are also affected, but to a lesser extent (Herbst, 2017). Depleting levels of estrogen will lead to substantial changes within the mucosal membranes, this, coupled with general ageing can lead to various vocal fold alterations (Sataloff, 2006). Most common alterations in the vocal folds are a thinning or bowing of the structure, resulting in a reduced glottic closure (Sataloff, 2006). Ways in which to combat these issues with vocal fold vibration is the use of semi-occluded vocal tract exercises (SOVTEs), combined with exercises that have a stacatto focus and attention to the body-breath connection and respiratory requirements of the individual can lead to a strengthening of the voice after loss during menopausal changes (Titze, 2006). SOVTEs are also recommended by other speech and voice specialists, specifically, DeMiao (2013) recommends that in order to achieve optimum vibration of the vocal folds and increase stabilisation in the blending of registers the use of straws, humming and closed vowels (/i/ and /u/) will prove invaluable. Alongside the previously mentioned approaches, DeMiao also suggested employing a lighter vocal quality, where the vocal folds are encouraged to interact minimally when using the middle to top of the vocal range, which can lead to a more reliable and trusted sound in the singer. 
Senescence – Both cis-gendered men (CM) and CF voices undergo changes during the later stages of life (Awan, 2006). The process of ageing causes structural changes in the cartilage, joints and musculature of the larynx, the epithelium of the vocal folds and flexibility of the larynx which cause changes to the efficiency of vocal production (Hadman, et al., 2018). The elasticity of the vocal laryngeal cartilage also decreases, which in turn affects the arytenoid, and epiglottis vocal structures (Sataloff, 2006). Ossification of the thyroid, cricoid and a substantial amount of the arytenoid also affects our ability to produce singing sounds previously mastered (Kakidkar, et al., 2012). Further to this, joint surfaces also begin to erode due to a breakdown of collagen fibres in the cartilage of the larynx, cricothyroid and cricoarytenoid joint (Benninger & Murray, 2006). The larynx will begin to ossify, and the muscles weaken with time, muscle fibres in the thyroarytenoid and posterior cricoarytenoid will begin to decrease in volume and substantial changes are also seen in the recurrent and superior laryngeal nerves, adding to an increase in the inconsistency of vocal production (Plexico, et al., 2020). Neuromuscular changes can have an adverse effect on the voice as a whole, causing the delicate balance of the singer's larynx to change, resulting in a loss of range, possible atrophy or dystrophy of the muscle, vocal fold bowing and potential loss of voice (Bruzzi, et al., 2017). 
	After the menopausal period of ageing has subsided, CFs experience a substantial fall in their oestrogen levels and an increase in their androgen levels (Zamponi, et al., 2021). As previously mentioned, sex hormone receptors have been found in the vocal folds and the modifications of their levels during senescence are thought to have an important role in the voice changes of the elderly (Newman, et al., 2000). In addition, further changes to affect the larynx after menopause are a thickening of the vocal folds, vocal fold oedema and a prominence of the vocal process (Chandran, et al., 2011). As a result of the vocal folds thickening, a reduction in breathiness can be observed as thicker folds mean that the posterior glottal gap results in an increased closure (D’haeseleer, et al., 2011). Alongside the possible reduction in breathiness, the thickening of the vocal folds can lower the tone of voice of CFs and can be related to the increase in androgen levels post menopause (Bruzzi, et al., 2017). 
	Within the context of general senescence, the CM and CF voices do experience some similar changes regarding structural elements, however, they differ when it comes to hormones and vocal fold mass, dynamics and tone of the voice and breathiness (Zamponi, et al., 2021).  

Singing in Later Life

Singing practice engages our sensory-motor network (Tsang, et al., 2011). Using our voices to sing encourages us to coordinate motor neurons that relate to breath control, stretching and tensing of the vocal folds and alteration of the vocal tract which has a positive impact on articulatory factors such as the lips, tongue and jaw (Cohen, et al., 2020). Vocalising on pitch also encourages memory through the repetition of prior tones and pitches, lyrics and phrases which can also be replicated in different repertoire (Smith, et al., 2022). It could therefore be argued that while the initial outcomes of singing may be improved confidence and overall well-being, a subset of cognitive benefits and sensory-motor coordination improvements are accessible to all who participate (Kupers, et al., 2017). 

More people in society are choosing to sing recreationally in their later years (Griffith, 2020). The proposed health benefits reported by people over 40 years of age by Smith, et al., detail improved breathing, mental health, and social exposure along with improved memory and physical well-being (Fancourt, 2017). Furthermore, studies that compare senior participants who have and have not had previous music training have shown results that favour musicians (Noice & Noice, 2013). Additional research concludes that older musicians possess more enhanced speech-in-noise perception and auditory quality than their non-musician counterparts (Parbery-Clark, et al., 2011). Studies conducted have also shown a correlation between older musicians and cognitive reserve, all participants were over 50 years old and showed a direct impact between music practice and cognitive tasks (Roman-Caballero, et al., 2018, Schneider, et al., 2019). Speech production, articulation rate and stability, accuracy and intelligibility are often affected by the ageing of the voice (Karuvilla-Dugdale, et al., 2020). More specifically, the ageing of the voice has a significant decrease in its sentence creation due to reductions in our breath support (Marczyk, et al., 2022), reading (Tremblay, et al., 2018) and repetition (Sadagopan & Smith, 2013). Additionally, there is a reported decline in the ability to complete diadochonetik tasks relating to the repetition of words and phrases (Bilodeau-Mercure & Tremblay, 2016). 

The acoustic signals of speech undergo substantial changes from infancy through to adulthood (Eichhorn, et al., 2017). Vocal changes are accompanied by sexual dimorphism which makes them one of the largest in the human development (Vorperian & Kent, 2007). The healthy ageing voice and its subsequent changes form a vital part of our human experience and as such should be treated with respect and appropriate due diligence. Any findings should be delivered clearly in order to offer a user-friendly focus adequately and effectively to those who need it most (Yorkston, et al., 2010).

Anatomy and Physiopathology of the Ageing Voice

The Larynx, Tongue, and Vocal Tract - ageing voice identifies itself as changes in our vocal function (Galluzi & Garavello, 2018). These changes are a direct result of anatomical and physical alterations within the larynx (Yamasaki & Behalu, 2006), coupled with the systematic effects of the ageing process on the body itself (Vaca, et al., 2015). Changes in mucosa coverage, the fibrocartilaginous makeup of the vocal tract and variations in neuromuscular control and transmission will all create adverse results on our vocal functions (Takano, et al., 2020). Further studies have found that the process of ageing impacts the genetic makeup of the lamina propria and epithelium of the vocal folds (Galluzi & Garavello, 2018). Effects of these minute but important changes include a reduction in the elastic fibres used for voice production, with a decrease in hyaluronic acid resulting in a change in vocal consistency and overall health of the larynx (Branco, et al., 2015). Further research shows that a smaller amount of hyaluronic acid combined with a reduction in mucus production results in an alteration in the viscosity of fluids on the folds (Sato & Hirano, 1997). As a result, the ageing vocal folds become more rigid which contributes to a decrease in the vibratory wave (Kosztyla-Hojna, et al., 2007). 

Ageing in the larynx can be further characterised by a reduction of myofibrils and atrophy in the laryngeal muscles (Ximenes Filho, et al., 2013). This can also include thyroarytenoid function changes, particularly around the fibral structure and composition (Martins, et al., 2015). Additionally, Martins et al. discovered through analysis of the larynx that there was a significant reduction in the diameters of the voice muscles in the elderly participants of their study, regardless of their gender assigned at birth (Martins, et al., 2015). As a result of the vocal folds' reduced adductor abilities, there can be issues with the vocal mechanism when concerned with the control and modulation of pitch, tone, and variance in vocal qualities (Cardoso, et al., 2017). 
	
	An additional contribution to the ageing voice process is a modification of the laryngeal skeleton (Galluzi & Garavello, 2018). Calcification of the laryngeal cartilage can occur, which has an impact on vocal function, particularly where the posterior glottis and vocal ligaments are concerned (Martins, et al., 2015). This calcification can further impact the cricoarytenoid joint through changes in the articular surface, synovial tissues and the joint capsule which can have an adverse effect on the vocal cord's ability to position themselves adequately during the voicing process (Greogry, et al., 2011). 

	Reductions in subglottic pressure can determine the voice user’s ability to produce a cohesive, functional sound (Takano, et al., 2020). The organ systems used to produce and coordinate phonation can be influenced by the effects of age, specifically, the pulmonary function could influence the amount of subglottic pressure needed (Kost & Sataloff, 2018). This school of thought was corroborated by Vaca et al. in a study of 105 healthy patients 65 years and over. The study reported a significant difference in maximum phonation time (MPT) in patients with both glottal and respiratory issues compared with those who had none (Vaca, et al., 2015). Contributions to issues with pulmonary function could be posture and alignment which in turn affect our laryngeal flexibility (Greogry, et al., 2011). Altered postural abilities are common as we age, therefore additional attention to this area would be advantageous when teaching students of older age (Cardoso, et al., 2017). 

	Changes in the structural integrity and optimal functions of our resonant organs also contribute to a decline in phonation competency with age (Sachs, et al., 2017). Changes such as thinning and dehydration of the oropharyngeal mucosa have a subsequent effect on the musculature efficiency of the tongue while also contributing to a decrease in the salivary production of the oral cavity (Zhu, et al., 2018). The motor functions of the soft palate, tongue and lips become less reliable, combined with the decrease in strength in the pharyngeal muscles and additional restricted movement of the temporomandibular joint which results in further altering our phonation clarity and efficiency (Kost & Sataloff, 2018). Another area for consideration is the repositioning and lowering of the larynx with advanced age, resulting in a stretching of the ligaments and increased pressure on the strap muscles of the neck possibly leading the voice user to make adjustments elsewhere to alleviate any issues, resulting in increased dysphonia or voice concerns (Mezzedimi, et al., 2017). 

Bone density, changes and calcification – Our bone strength is dependent on two things. Our mineral tissue properties and our individual skeletons' structural characteristics include shape, size, and architecture (Ahlborg, et al., 2001). Research into the increased fragility of bones has attributed ageing to the loss of bone density minerals and changes to the skeletal structure that accompany the ageing process (Ahlbord, et al., 2003). The CF skeletal structure is also adversely affected further by the Menopause process, due to accelerated bone loss caused by oestrogen deficiency (Riggs, et al., 1986). Studies show that bone loss appears predominantly at the inner surface of the bone, whilst further studies have also shown that bone sizes increase with age and that such conflicting changes to the structure of the skeleton contribute to the advancing loss of bone density (Balena, et al., 1992). Bone density and bone mass are both hugely important in the health of the structure of the body, with contradictory factors occurring on hormonal and growth levels, the risk of fracture or injury of the bones is increased (Duan, et al., 2001). A study conducted by Ahlborg, et al., 2003 further suggests that during and after menopause, CF’s will experience the skeleton enlarging in certain areas of the body, this can lead to problems regarding poor posture, spinal mobility and rib-cage strength that will all have an effect on singing quality and sound production which is further supported by Weaver, et al., 2014. 

Conclusion

	Throughout my studies for this assignment, it has become clear that there is a lack of in-depth research on the topic of elite singers and menopausal voice use  (DeMaio, 2013). This means that in order to fully serve my students who are CF and therefore going to be impacted by menopausal and hormonal voice change I must ensure that I continue to develop my skills and enable myself to become a more competent and dedicated tutor. An aim of mine is to create an open space in my studio where hormonal voice change in CFs is as openly discussed as it is for adolescent males. An awareness of how I, as a CM singing tutor can adequately explain hormonal voice change to my students or their parents and guardians will positively impact all of my students as they move from my teaching space into full-time performing arts education and employment. I have already begun to modify my ideas and opinions around the subject, opening up conversations where appropriate and explaining that sometimes vocal control will be less easy for some students at certain times of their lives. 
	With regard to Performer 1 (P1) and Performer 2 (P2) who were mentioned in the initial stages of this investigation, I am happy to say that through my reading and research, I have been able to implement learning strategies and technical developments that have been beneficial to them both. 
P1 feels that in their peri-menopausal state, she has been able to regain control of her passagio, which is particularly helpful as the blending of the voice has always been an area of concern for them, along with being equipped with the knowledge to prepare for the next stage of their ageing journey. Hydration strategies as well as diet and exercise have always been present in their daily lives, so we made sure to look at physical load and hydration requirements in order to optimise the outcomes. As we begin working toward her menopausal voice, we are looking at how we can work together on that journey, and ensure she feels supported and prepared for the next step. 
P2 has started rehearsals for their next musical theatre production, due to open at The National Theatre in October 2023. We have specifically looked at creating a more consistent blend in her voice, particularly around the top of her M1 as this has always been a problem area. Taking the approach laid out by DeMiao (2013) and looking at vocal fold closure, SOVTEs and vowel modifications has enabled us to re-train certain areas of her voice which has resulted in her confidence and self-worth as a vocalist improving. The cast consists of women at varying stages of life, but there are a few CF performers of a similar age to P2, and she has been able to talk more openly with them about the effects that menopause has had on her voice, and they seem to have opened up in response to this. She has also been confident enough to speak with the musical director of the show, explaining her vocal concerns and that she is still working through the changes with her singing teacher, and that sometimes she may not be able to produce the sound he is looking for immediately, but with his permission, she can approach me and we can work together to find an appropriate solution within the parameters if the requirements of the musical score. 
Knowing that through my learning I have been able to contribute in a small way to the singing confidence of these two successful, elite-level performers has given me more confidence in my abilities whilst also showing me that I have a great deal of work ahead of me in order to fully be able to comprehend the full societal, psychological and physiological impact that menopause, in particular, has on cis-gendered females working at elite level musical theatre performance. I look forward to taking this research further and building on what I have already found. Initial findings in my investigation show that whilst there has been research around the relationship between menopause and the singing voice (Chadwick, et al., 2020), there are currently gaps within the subject, especially around parameters of the efficiency and effectiveness of daily, targeted vocal exercises and effects of post-menopausal hydration on the singing voice as a whole (Griffith, 2020). This would lead me to focus my work in these areas on a future module, looking at hydration strategies that could aid vocal fold atrophy and vocal bowing, laryngeal ossification, and the changes to the structures of the cricoarytenoid and thyroid cartilage.  
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