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Abstract 

 

New Zealand’s population is ageing; it is forecast that more older adults will be living longer. 

Ageing is associated with increased health conditions, diseases, and medications, some of which 

cause swallowing problems (dysphagia). It is essential that clinicians understand swallowing 

function in healthy individuals in order to differentiate swallowing impairment from normal 

variability. However, previous studies are limited by poor representation of adults in advanced 

age (over 80 years old). The objective of this thesis is to investigate swallowing physiological 

changes in older age and their impact on function, activity, and participation. Swallowing 

changes in advanced age were summarised in a current opinion of recent literature and 

critically appraised in a systematic review using quantitative results from instrumental 

assessments. Three cross-sectional studies were conducted to investigate swallowing in three 

cohorts of older New Zealanders: healthy (65–99 years old, n = 65), hospitalised (65–100 years 

old, n = 52), and community-living (65–96 years old, n = 1020). Normative data (18–99 years 

old, n = 275) are presented for a new quantitative measure of post-swallow residue: the Bolus 

Clearance Ratio. Individuals over 80 years old demonstrated little residue, though many 

performed an additional swallow to clear oral residue, or metered the bolus, suggesting reduced 

swallow efficiency with age. Normative timing and displacement results were compared with 

hospitalised older adults who developed dysphagia during their stay but were admitted for 

unrelated reasons. Significant differences between the hospitalised cohort and healthy older 

adults indicate that swallowing dysfunction is not associated with ageing itself. Community-

living older adults without medical history known to affect swallowing reported normal 

swallowing status. Although the prevalence of dysphagia increases with age, swallowing 

problems are not an inevitable consequence of ageing. Quantitative analyses indicate overall 

subtle changes in swallowing physiology with age do not compromise swallow safety. Therefore, 

swallowing concerns should not be considered a sign of normal ageing and ignored. Future 

studies should plan to recruit adults of advanced age and adapt services to cater for our ageing 

population. 	
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Chapter 1. Introduction 

 

Deglutition (swallowing) is an innate action that is life-sustaining, yet typically given 

little thought. For New Zealanders, food and drink are part of their national identity (S. 

Pearson & Kothari, 2007). In Te Ao Māori [the worldview of Māori: Indigenous peoples of 

New Zealand],  kai [food] plays an important role in tikanga Māori [custom, ethic, social 

control, correct way of doing something] as noa [restoring balance] (Mead, 2003). Kai [food] 

also involves manaakitanga [hospitality] and whanaungatanga [building and recognising 

relationships, making connections] through gathering it from the land and sea with others, 

preparing it in various group contexts (marae [communal and sacred meeting ground], 

community centre, school, workplace, home), and then eating together. Healthy kai [food] is 

considered medicinal as “it is good for the spirit and the body, and is a vital connection to 

history, ancestors, and the land” (Moeke-Pickering et al., 2015, p. 36). However, swallowing 

difficulties (dysphagia) can transform a formerly underappreciated action into a constant 

reminder and source of burden (Nyberg et al., 2018). From a Māori health perspective, 

dysphagia impacts on Te Whare Tapa Whā [Māori health model: four sides of a house] for all 

New Zealanders: taha tinana [physically], taha hinengaro [emotionally], taha whānau 

[socially], and taha wairua [spiritually] (Durie, 2004; Purdy, 2020). This holistic approach is 

recognised in the International Classification of Functioning, Disability, and Health (ICF) 

(World Health Organization, 2001).  

The risk of swallowing problems increases with age, developing gradually or occurring 

suddenly depending on the aetiology. Swallowing difficulties that progressively worsen may 

foreshadow pathology (e.g., head and neck or oesophageal cancer) or transpire in the later 

stages of a disease (e.g., Parkinson’s disease, dementia, or motor neurone disease). Figure 1 

presents examples of commonly reported causes of dysphagia for older adults. The severity of 
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swallowing dysfunction depends on neurological involvement, the stage or prognosis of 

diagnosis, comorbidities, medications, and health status. 

Figure 1 

Commonly Reported Causes of Swallowing Dysfunction in Older Age 

 

The Australian and New Zealand Society for Geriatric Medicine (ANZSGM) 

highlighted that “dysphagia… [is a] common important problem affecting older people” in 

their position statement on Dysphagia and Aspiration in Older People (Chan & Ong, 2018, p. 

1). This incidence of dysphagia in older age is echoed by the Dysphagia Working Group from 

the European Society for Swallowing Disorders and the European Union Geriatric Medicine 

Society, who propose to classify dysphagia as a geriatric syndrome (Baijens et al., 2016). 

However, in gerontology (the study of ageing) the definition of geriatric syndrome is under 

debate. A syndrome is traditionally characterised by a collection of signs, symptoms, or 

manifestations, while a geriatric syndrome refers to a state of a single symptom, associated 

with a number of aetiological factors including other geriatric syndromes (Olde Rikkert et al., 

2003). Since a geriatric syndrome has a multifactorial aetiology, there is no specific 

abnormality to target, which may result in frustration that there is no clear approach, unlikely 

improvement, and even missed opportunities by the clinician to improve the older adult’s 

symptoms (Flacker, 2003). For swallowing dysfunction, diet modification is intended to be a 

compensatory strategy but can evolve into a more permanent recommendation with negative 
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consequences for quality of life (Seshadri et al., 2018). Although there are options for 

dysphagia treatment, research is limited on the efficacy of interventions catered towards the 

older population (Abdelhamid et al., 2016; Barczi et al., 2000; Loeb et al., 2003). Studies are 

emerging on the management of dysphagia associated with sarcopenia and frailty (Cichero, 

2018; Maeda & Akagi, 2016). 

The ANZSGM report that another common important problem for older adults is 

aspiration, which is “the passage of material below the level of the vocal folds” (Rosenbek et 

al., 1996, p. 93). For healthy people, aspiration is a rare event, such as when drinking and 

unexpectedly laughing at the same time, triggering considerable coughing. This reflexive act is 

vital to expel any material from the airway, thereby serving as a protective mechanism. 

However, frequent aspiration events are abnormal; healthy adults of all ages continue to safely 

protect their airway when swallowing (Butler et al., 2010). With age-related changes in lung 

function and weakened immunity, older adults with dysphagia are predisposed to aspiration 

pneumonia, which is a leading cause of mortality (Marik & Kaplan, 2003). Other 

consequences of dysphagia are dehydration and malnutrition with “older people at risk for 

aspiration include those with stroke, Parkinson’s disease, dementia, reduced level of 

consciousness, and any severely ill or disabled persons” (Chan & Ong, 2018, p. 1). Because 

swallowing difficulties are a symptom, it is misleading to consider dysphagia in isolation. 

Therefore, older adults with dysphagia likely have an accompanying medical history, which 

translates to the higher prevalence of dysphagia for hospitalised older adults (50%) (Melgaard 

et al., 2018) and for adults in residential care (52%) (Y. Park et al., 2013) compared to 

community-living older adults (15%) (Madhavan et al., 2016). Since clinicians are primarily 

exposed to vulnerable rather than healthy older adults. If a clinician attributes a complaint such 

as dysphagia to ageing itself, this may deny the patient further diagnostic investigation and 

appropriate medical intervention (Adelman et al., 2000). In order to adequately manage 

dysphagia in older age and prevent undermanagement or overmanagement, it is essential that 

clinicians have a sound understanding of healthy swallowing function across the lifespan 
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(Barczi et al., 2000; Plowman & Humbert, 2018). The objective of my doctoral research is to 

investigate swallowing physiological changes in older age and their impact on function, 

activity, and participation. Figure 2 presents the structure of my thesis. 

Figure 2 

Thesis Structure 

 

Like most of the developed world, New Zealand has an ageing population; more older 

adults are living longer. This demographic shift has resulted in a new classification of old age: 

young old (65–74 years), old (75–84 years), and oldest old (≥ 85 years) (Sadana et al., 2013). 

In the next thirty years in New Zealand, it is estimated that adults aged 65 years and older will 

double to 1.3–1.5million, whereas adults aged 85 years and older will more than triple to about 

270,000–320,000 (Statistics New Zealand, 2016). Deglutology (the study of swallowing) has 

been motivated by the globally ageing population in its transdisciplinary research to ensure 

dysphagia services are prepared for the rising numbers of adults expected to live in advanced 

age (> 80 years; Miskelly et al., 2020; Namasivayam-MacDonald & Riquelme, 2019b; O. 

Schindler, 2007). Landmark studies investigating the effects of age on swallowing emerged in 

the 1980s and 1990s (Cook et al., 1994; E. Dejaeger et al., 1994; Robbins et al., 1992; D. 

Shaw et al., 1995; Sonies et al., 1984; Tracy et al., 1989). At this time, participants in their 60s 

were generally termed “elderly”. However, these earlier participants came from different 

generations, lifestyles, and levels of health awareness. Today, many New Zealanders are 

continuing to work beyond the standard age of retirement of 65 years old, and the workforce is 

projected to age (Statistics New Zealand, 2017). The use of the term elderly is controversial 
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because it is a stereotype with a negative connotation (Coons, 2000). It also generalises people 

who are frail and dependent as well as robust and independent, and can therefore be 

misleading (Avers et al., 2011). Nevertheless, the term elderly still features in international 

dysphagia research (de Lima Alvarenga et al., 2018; Namasivayam-MacDonald et al., 2018). 

Healthy participants aged 85 years and over have been recruited in previous studies, but the 

extent to which they are representative of the ageing population is questionable. It is forecast 

there will be more individuals in advanced age with swallowing complaints due to age-related 

conditions and diseases (Leder et al., 2016). Therefore, it is important to understand healthy 

age-related changes in swallowing function in very old age to differentiate normal variability 

from pathology. Part Two of my thesis contains two published reviews. Chapter Three is a 

current opinion piece on recent literature of swallowing function in advanced age. Chapter 

Four is a systematic review of the literature on healthy swallowing physiological changes in 

the oldest old (85 years and older) using instrumental assessment. Chapter Five further 

discusses advancements and challenges in the deglutition literature that have led to our 

understanding of swallowing function in advanced age. 

Instrumental swallowing assessments are essential for visualising the pharynx and 

oesophagus (Steele, 2015). The videofluoroscopic swallowing study (VFS), also known as the 

modified barium swallow, is considered a gold-standard assessment which captures sequential 

videoradiographic images (Logemann, 1997; Martin-Harris & Jones, 2008). A still frame of 

VFS is presented in Figure 3. The study is performed in sagittal (lateral) view for assessment 

of overall swallowing function, including airway invasion, adequate upper-oesophageal 

sphincter (UES) opening and pharyngeal clearance. Anterior-posterior view is used to assess 

the symmetry of structures and bolus flow, as well as to screen oesophageal bolus transit 

(Miles, Clark, et al., 2016; Peladeau-Pigeon & Steele, 2013). However, limitations of VFS 

include ionising radiation exposure (Earl & Badawy, 2019), two-dimensional spatial 

resolution (Steele, 2015), and variable bolus preparation with barium (Steele et al., 2013). 

Furthermore, videos have traditionally been interpreted subjectively, which is known to 
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provide inconsistent results and highly variable reliability (Lee et al., 2017). These limitations 

are mitigated by using a standardised approach during the study and interpreting videos using 

quantitative analysis (Leonard & Kendall, 2019). Although timing and displacement measures 

are established in research, they remain to be routinely performed in clinical practice in New 

Zealand (Nordin et al., 2017). Normative data are essential for comparing with patient values 

to differentiate normal from abnormal findings. Part Three of my thesis contains three 

published cross-sectional studies of three populations: healthy older adults, hospitalised older 

adults, and community-living older adults. Chapters Seven and Eight incorporate quantitative 

videofluoroscopic measures developed by Leonard and Kendall (2019). Chapter Seven 

addresses the conflicting reports on how much residue is normal in older adults by utilising a 

new quantitative measure of post-swallow residue. Normative data are presented and age 

effects are analysed. This study was achieved in collaboration with Dr Rebecca Leonard who 

is a pioneer of quantitative videofluoroscopic measures in the USA and devised the measure to 

quantify post-swallow residue. In Chapter Eight, the hospitalised cohort presented with a new 

onset of swallowing problems yet had been admitted for unrelated complaints. A standardised 

videofluoroscopic protocol was used (Leonard & Kendall, 2019) when assessing patients and 

collecting normative data. VFS of hospitalised older adults were compared with healthy older 

and younger adults in order to distinguish changes in measures while unwell from community-

living healthy ageing. In Chapter Nine community-living older adults (≥ 65 years) were 

invited to participate in a New Zealand-wide survey about their swallowing and nutrition. 

Older independent adults living at home are not routinely screened for swallowing or nutrition 

problems. Given the prevalence of swallowing difficulties and malnutrition risk in older age, 

there is doubt that older adults will seek help and instead they will attribute their difficulties to 

ageing. Validated screening tools were used to determine whether undisclosed swallowing 

problems and associated nutrition risk existed in the older community population.  
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Figure 3 

A Healthy 93-year-old Straw-drinking 

 

Note. No citation or copyright attribution is required. 

In the fourth and final Part of my Thesis, my research findings are summarised and 

future research directions are suggested (Chapter Ten). Regardless of whether dysphagia 

concerns are new onset or chronic, or the reasons for dysphagia are known or not known, older 

adults with swallowing difficulties should receive evidence-based intervention that is tailored 

to their individual needs and involves a multidisciplinary team. The purpose of my research is 

reflected in the whakataukī [Māori proverb], “māku tēnei, mā te rā e tō ana. He aha kei a koe, 

kei te rā e huru ake ana? [Leave this for me, for the setting sun. What purpose does it have for 

the rising sun?]” (Brougham et al., 2012, p. 102). Older adults with decompensated health are 

a vulnerable population because they are at risk of losing their independence or are dependent 

on others to perform activities of daily life. They cannot be ignored. I have observed clinicians 

regard swallowing difficulties as an age-related problem and recommend liquid and diet 

texture modification with no intent to review, offer treatment, or consider quality of life or Te 

Whare Tapa Whā [Māori health model]. However, many healthy adults in advanced age 

continue to enjoy eating a range of textures without thickened drinks and diet restrictions. This 

thesis serves as a platform for guiding future initiatives and research in New Zealand on 

dysphagia management for kaumātua [older adults] in advanced age with swallowing 
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complaints in a range of settings that enhances taha tinana [physically], taha hinengaro 

[emotionally], taha whānau [socially], and taha wairua [spiritually]. 
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Chapter 2. The Effects of Age on Swallowing Anatomy, 

Physiology, and Neurophysiology 

 

Deglutition is performed consciously or unconsciously as a patterned response, rather 

than a simple reflex arc (Kahrilas & Logemann, 1993). Swallowing serves more than an 

alimentary purpose; it also cleans the nasopharynx and oropharynx while protecting the upper 

respiratory tract (Jean, 2001). “Nothing is more easy than the performance of deglutition, and, 

nevertheless, all the acts of which it is composed are beyond the influence of the will and of 

instinct” (Magendie, 1824, p. 223). This quote is one of the earliest accounts of swallowing in 

English which refers to the involuntary movements within the pharynx and oesophagus once a 

swallow is initiated. Over the following 200 years, technological advancements, 

multidisciplinary contributions, and international collaborations have elucidated that the 

performance of deglutition is far from easy. Transferring a bolus from the mouth to the 

stomach may seem a simple act, but it involves intricate actions and complex 

neurophysiological processes (Logemann et al., 2013; O. Schindler, 2007; Steele, 2015). The 

airway must close during each swallow to prevent aspiration of secretions, saliva, food, liquid, 

or medication. Therefore, swallowing requires careful coordination with breathing, speaking, 

and chewing. The swallowing tract is illustrated in Figure 4. This chapter presents an overview 

of swallowing and highlights age-related changes in swallowing anatomy, physiology, and 

neurophysiology from the literature (Table 1). 

 

 

 

 

 

 



Part One: Introduction 
 

11 

Figure 4  

The Swallowing Tract 

 

Note. Image reproduced from Gray, 1918 (Public Domain). 

Table 1 

Summary of Age-related Changes Reported in the Literature 

 Anatomy Physiology 
Preparatory and 
oral phases 
 

altered dentition 
(Lamster et al., 2016) 
tongue atrophy 
(Felton et al., 2007) 

↓ stereognosis 
(Kawagishi et al., 2009) 
↓ slower bite force 
(Mioche, 2004) 
↑ masticatory cycles 
↑ total duration of mastication 
(Huckabee et al., 2018) 
↓ tongue pressure 
(Park et al., 2016; Peladeau-
Pigeon & Steele, 2017; Youmans 
et al., 2009) 
↑ duration of tongue pressure 
(Tamine et al., 2010) 
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 Anatomy Physiology 
Pharyngeal 
phase 
 

↑ oropharynx length 
↓ volume of larynx and 
hypopharynx 
(Inamoto et al., 2015) 
↑ pharyngeal area 
↓ pharyngeal wall thickness 
(Molfenter et al., 2015) 
↑  distance between hyoid and 
larynx 
stiffened epiglottic ligaments 
(Leonard et al., 2004a) 
non-obstructive osteophytes 
cricopharyngeal bars 
(Yin et al., 2018) 

↑ pharyngeal swallow delay 
(Jardine et al., 2020a) 
↑ portion of unobliterated 
pharyngeal space 
pharyngeal pressures may change 
(Cock & Omari, 2018) 
↓ sensitivity of pharynx 
(Aviv, 1997) 
delayed and ↓ anterior hyoid 
displacement 
(Curtis et al., 2018; Yabunaka et 
al., 2011; Yokoyama et al., 2000) 
↑ respiratory pause 
(Martin-Harris, 2008) 
↑ delay falling pressure at PES 
(Yokoyama et al., 2000) 
↑ duration PES opening 
(Jardine et al., 2020a) 

Oesophageal 
phase 
 

stiffened oesophageal 
musculature 
(Gregersen et al., 2008) 
↑ mean cross-sectional area 
(Rao et al., 2003) 

↑ primary peristaltic pressure 
(Ren et al., 1995) 
↓ LES integrated relaxation 
pressure 
(Cock, Besanko, et al., 2017) 

 

2.1. Anatomical Swallowing Changes with Age 

Despite promotions claiming to counteract the signs of ageing, inevitable age effects 

eventually transpire (Vijg & Le Bourg, 2017), some of which begin to surface long before 

retirement age. Changes in bone, joints, the spine, posture, and muscle (Mendelsohn & 

McConnel, 1987) may indirectly or directly impact on older adults’ ability to eat and drink. 

Decreased bone density in the skeletal system is associated with increased risk of fractures and 

falls (Hannan et al., 2000). Joints lose flexibility due to altered tissues and depleted cells; the 

most significant age-related impairment is evident in the articular cartilage (Lotz & Caramés, 

2011). Posture is affected by the thinning of vertebral discs, loss of bone density, and 

increased spacing, while spinal mobility decreases due to tissue changes and stiffening of the 

intervertebral discs (Ferguson & Steffen, 2003). Sarcopenia is the natural loss of muscle mass 

and strength with ageing, which lead to muscle atrophy and weakness (Doherty, 2003). All of 

these age-related changes may compromise mobility and independence, indirectly impacting 
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on mealtimes by challenging the ability to go to the supermarket, cook meals, prepare snacks, 

pour drinks, or use utensils. 

On the face, wrinkled skin is synonymous with ageing due to loss of elasticity and 

sagging; bony changes also develop in the craniofacial and dentoalveolar skeleton (Albert et 

al., 2007). Inside the oral cavity, another characteristic of older age is altered dentition, which 

may be replaced with dentures or prostheses. However, loss of teeth is not caused by the 

ageing process but rather a culmination of lifetime events (Lamster et al., 2016). The tongue 

may appear withered due to atrophy of the intrinsic muscles (superior longitudinal, inferior 

longitudinal, vertical, and transverse) which form the bulk of the tongue that is visible when 

protruded (Felton et al., 2007). In an animal study, the older group exhibited more slowly 

contracting intrinsic tongue muscle fibres and decreased muscle fibre size in the transverse and 

verticalis muscles (Cullins & Connor, 2017). Other noted changes in the oral cavity with age 

are reduced volumes of lingual tonsils and the velum (soft palate) (Mahne et al., 2007). 

Visualising age-related changes throughout the swallowing mechanism are dependent 

on instrumental assessments. In a study using computed tomography (CT) scans, older males 

demonstrated a longer total oropharynx length, reduced upper oropharyngeal soft tissue 

volume, and increased lower oropharyngeal soft tissue (Shigeta et al., 2008). The novel 320-

row area detector CT scans measured a longer pharynx and decreased volume of the larynx 

and hypopharynx in older age (Inamoto et al., 2015). Magnetic Resonance Imaging (MRI) 

indicated an increased pharyngeal lumen size and reduced pharyngeal wall thickness for older 

adults (Molfenter et al., 2015), which is supported by an earlier study using VFS (Leonard, 

2010). Other age-related changes observed on VFS include a greater distance between the 

hyoid and the larynx (Leonard et al., 2004a), non-obstructive osteophytes (Figure 5), and 

cricopharyngeal bars (Figure 6), with an incidence ranging from 16% (≥ 70 year olds) (Yin et 

al., 2018) to 32% (≥ 65 year olds) (Leonard et al., 2004b). Ligaments of the epiglottis may 

stiffen with age, compromising the extent of deflection (Leonard et al., 2004a). Oesophageal 
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musculature has also been observed to stiffen particularly after 60 years old (Gregersen et al., 

2008) and increase in cross-sectional area (Rao et al., 2003). 

Figure 5 

Non-obstructive Osteophyte, C4–C5 Fused 

 

Note. No citation or copyright attribution is required. 

Figure 6 

Non-obstructive Cricopharyngeal Bar 

 

Note. No citation or copyright attribution is required. 
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2.2. Physiological Swallowing Changes with Age 

Swallowing involves a continuum of interdependent oral and pharyngeal movements: 

some voluntary and some involuntary (Kahrilas et al., 1992; Martin-Harris, Michel, et al., 

2005). Since these events do not occur in isolation, the concept of separating a swallow into 

individual stages is considered artificial (Martin-Harris, Michel, et al., 2005). However, 

prominent researchers and teachers of deglutition, such as Logemann, Dodds, Groher, and 

Crary have supported stages or phases as an organised method for explaining swallowing 

physiology. Swallowing phases are typically described as preparatory, oral, pharyngeal, and 

oesophageal (W. Dodds et al., 1990; Groher & Crary, 2010; Figure 7). 

Figure 7 

Swallowing Phases 

 

Note. A = preparatory and oral phases, B = pharyngeal phase, C = oesophageal phase. No citation or 

copyright attribution is required: image design credit to Frances Paine. 

2.2.1 Preparatory Phase 

Before consumption, olfaction (smell) and vision encourage anticipation of the food or 

drink, yet both of these senses deteriorate with age termed presbyosmia (Mackay-Sim et al., 

2006) and presbyopia (Carter, 1994) respectively. A study identified olfactory impairment in 

at least half of 65–80-year-olds and over three-quarters of adults over 80 years old (Doty et al., 

A B C 



Part One: Introduction 
 

16 

1984). Olfaction plays a crucial role in gustation (taste); flavours are sensed through smell 

which is why many older adults complain about the taste of their food (Doty, 2017). These 

chemosenses are involved in triggering a cascade of hormonal and neural events, such as those 

responsible for regulating digestion, nutrient absorption, food intake, and metabolism 

(Rozengurt & Sternini, 2007). The transfer of chemical stimuli from food to taste receptors 

occurs through saliva, which also contains digestive enzymes: amylase and lipase (Thie et al., 

2002). Saliva is more well known as an oral lubricant and solvent. Although oral dryness is a 

frequently documented complaint from older adults, this is not attributed to ageing of the 

salivary glands but rather related to disease or medication (Vissink et al., 1996). 

When a mouthful is taken, awareness of the bolus in the oral cavity through 

somatosensation (touch) is necessary to effectively prepare it for ingestion. Studies suggest 

that oral sensation is unaffected by age (Calhoun et al., 1992; Fukunaga et al., 2005). 

However, the older tongue’s ability to recognise a shape using tactile information 

(stereognosis) has been observed to decline (Kawagishi et al., 2009). The lips close to create a 

labial seal that prevents the bolus from spilling anteriorly, which remains functional in older 

age (Kikutani et al., 2009; Wohlert, 1996). During bolus preparation, breathing is achieved 

through the nasal passages. The airway is open but not under threat; the bolus is prevented 

from spilling posteriorly prior to swallow initiation as the posterior tongue elevates to the 

velum and the palatoglossus (in the velum) contracts, which draws the velum downward and 

forward (Martin-Harris & Jones, 2008). The tongue plays an active role during this initial 

phase; its shape is modified anteriorly by the intrinsic muscles and its position is altered by the 

extrinsic muscles (Wilson & Green, 2006). Extrinsic tongue muscles (Figure 8) arise from 

bony surfaces: the hyoid (hyoglossus); styloid process of temporal bone (styloglossus); 

palatine aponeurosis at hard palate (palatoglossus); and the mental spine of the mandible (the 

genioglossus, which inserts into the hyoid) (Felton et al., 2007). 
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Figure 8 

Extrinsic Muscles of the Tongue. Left side 

  

Note. Image reproduced from Gray, 1918 (Public Domain). 

Oral motor skills are paramount for adequate bolus manipulation within a reasonable 

length of time. Mastication (chewing) is executed by the masseter, temporalis, and medial and 

lateral pterygoid muscles typically in a rapid, regular, effortless, and individualised manner 

(Palmer et al., 1992). The tongue mixes the bolus with saliva while moving it back and forth 

between the teeth and hard palate (Hiiemae & Palmer, 1999). Figure 9 shows a dissection of 

the oral cavity and salivary glands. The cheeks move in concert with the tongue to support 

bolus manipulation and prevent pocketing; cheek strength seems maintained with age (Clark 

& Solomon, 2012). Much of difficulties with mastication in healthy older adults can be 

attributed to the state of dentition (Kikutani et al., 2009). Some adults with dentures may 

perform within a normal range (Fucile et al., 1998), while others may demonstrate impairment 

(Mishellany-Dutour et al., 2008). Weaker and slower bite forces have been observed, which 

older adults may compensate for by lengthening their chewing sequence (Mioche, 2004). The 

bolus is typically broken down further than a consistency prepared by younger adults 



Part One: Introduction 
 

18 

(Mishellany-Dutour et al., 2008). Normative data for the Test of Masticating and Swallowing 

Solids demonstrate a systematic increase in bites, masticatory cycles, swallows, and total time 

with age (particularly for over 80-year-olds) (Huckabee et al., 2018). 

Figure 9 

Dissection Showing Salivary Glands of Right Side

 

Note. Image reproduced from Gray, 1918 (Public Domain). 

2.2.2 Oral Phase 

During the oral phase, there is a biomechanical equilibrium of forces in the oral cavity 

and oropharynx which are divided into compartments: inter-occlusal, sub-palatal, velolingual, 

and velopharyngeal (Engelke et al., 2011). Before the bolus is transferred, pressure increases 

within the labial seal (inter-occlusal compartment) and rapidly decreases in the oral cavity 

(Kieser et al., 2008). This is followed by complex interactions between the intrinsic and 

extrinsic tongue muscles (Felton et al., 2007). The tongue tip elevates to the alveolar ridge 

(sub-palatal compartment) and is traditionally considered to generate tongue-to-palate pressure 

to move the bolus posteriorly (W. Dodds et al., 1989). A recent study challenged this 

conventional view, proposing that “the tongue is not pressed but sucked against the hard 

palate” in synergy with muscle contraction for laryngeal elevation (Olthoff et al., 2016, p. 
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1621). The back of the oral cavity opens as the hyoglossus and styloglossus contract to drop 

the posterior tongue (velolingual compartment), while the anterior tongue increases surface 

area contact with the hard palate to move the bolus toward the pharynx (Matsuo & Palmer, 

2008). Increased tongue-to-palate pressure is associated with increased muscle activity, 

involving the intrinsic tongue muscles, floor of mouth muscle (mylohyoid), genioglossus, 

medial pterygoid, and anterior belly of digastric (Palmer et al., 2008). Tongue pressure and 

endurance are commonly assessed using the Iowa Oral Performance Instrument (Adams et al., 

2013). Maximum isometric tongue pressure likely decreases in older age (Park et al., 2016; 

Peladeau-Pigeon & Steele, 2017; Youmans & Stierwalt, 2006), notably after 70 years old 

(Vanderwegen et al., 2013) or 80 years old (Crow & Ship, 1996). However, a study observed 

this tongue pressure to increase during swallowing in the older group (Park et al., 2016). This 

finding is limited by the small differences in means (25.15 vs. 26.71 kPa) and a “young old” 

cohort (M = 68 years, SD = 5.5). The duration of tongue pressure may also increase for older 

adults (Tamine et al., 2010). This could be explained by “pressure building”, where maximal 

tongue pressure is not reached initially and results in premature entry of a portion of the bolus 

into the pharynx (Nicosia et al., 2000, p. M635). It is unclear whether tongue strength reserve 

changes with age (Youmans et al., 2009), but endurance is likely unchanged (Crow & Ship, 

1996; Vanderwegen et al., 2013). In one study, after a full meal observation, no age-related 

differences were found in tongue strength or endurance (Kays et al., 2010). The performance 

of eating is not a smooth sequence; mastication, bolus transport, and swallowing are 

interwoven events (Palmer et al., 1992). For example, during mastication, posterior tongue-

velum contact can be irregular, resulting in portions of ingested food extending beyond the 

pharyngeal fauces and onto the base of tongue prior to swallow initiation (Hiiemae & Palmer, 

1999). After bolus transport, negative pressure within the oral cavity stabilises the 

biomechanical compartments (Engelke et al., 2011). 
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2.2.3 Pharyngeal Phase 

As the bolus enters the pharynx, the levator veli palatini and tensor palatini muscles 

contract to elevate the velum to the posterior pharyngeal wall (velopharyngeal compartment) 

and the superior pharyngeal constrictor adducts to close the nasopharynx (Dua et al., 1995). 

This closure prevents the bolus from redirecting into the nasal cavity (Matsuo & Palmer, 

2008). In order for a bolus to be accommodated into the pharyngeal phase, the oropharynx and 

hypopharynx expand (Leonard et al., 2006) and develop progressive negative pressure 

(McConnel, 1988). The concept of a delay in swallow initiation has been investigated in the 

healthy adult deglutition literature, which is proposed to increase in older age (Jardine et al., 

2020a). Commonly reported delays are pharyngeal swallow delay time (interval from the 

bolus head passing the posterior edge of the ramus of the mandible until the onset of laryngeal 

elevation) (Tracy et al., 1989) and stage transition duration (interval from the bolus passing the 

ramus of the mandible until maximal excursion of the hyoid) (Robbins et al., 1992). For older 

adults, this delay distinguishes the completion of the oral phase and start of the pharyngeal 

phase which is described as “uncoupling” the swallow (Ney et al., 2009, p. 398). When a 

swallow is triggered, the bolus may have reached the ramus of the mandible, valleculae, or 

pyriform sinus; there is not one dedicated anatomical site (Martin-Harris et al., 2007). The 

mandible typically remains closed and is stabilised by the masseter muscle to facilitate the 

anterior movement of the hyoid when the suprahyoid muscles contract; the masseter otherwise 

shows little activity during deglutition (Palmer et al., 1992). 

After swallow initiation, there are two main actions of the tongue: anterior 

displacement and posterior displacement (Gilbert et al., 1998). The posterior tongue moves 

downward and backward to squeeze the bolus into the pharynx (Palmer et al., 1992). Tongue 

base retraction is critical for effective bolus propulsion and is driven by the hyoglossus and 

styloglossus muscles  (Gassert & Pearson, 2016). The head of the bolus reaches the pharynx 

before the pharynx contracts (Kahrilas et al., 1992). The force generated by the tongue clears 

the bolus from the oropharynx (McConnel, 1988). Muscle activation during the pharyngeal 



Part One: Introduction 
 

21 

phase is termed the “leading complex” frequently led by the mylohyoid and also includes the 

superior constrictor, palatopharyngeus, palatoglossus, posterior intrinsic muscles of the 

tongue, styloglossus, stylohyoid, and geniohyoid (Doty & Bosma, 1956, p. 45). The downward 

drive of the base of tongue against the pharyngeal wall, combined with pharyngeal contraction 

and pharyngeal shortening result in the overall narrowing of the pharynx and descending 

constriction of the pharynx during the swallow (Leonard & Kendall, 2019). The peak pressure 

generated is lowest at the tongue base, higher at the inferior pharyngeal constrictor, and 

highest in the pharyngoesophageal segment (PES) (Olsson et al., 1996). Pharyngeal shortening 

is performed by the palatopharyngeus, stylopharyngeus, and salpingopharyngeus (Palmer et 

al., 2000). This action reduces the length the bolus needs to travel by eliminating the space 

between the protected larynx and pyriform sinus, so that the PES is closer (Kahrilas et al., 

1992). Shortening combined with constriction of the pharyngeal walls eliminates the 

pharyngeal air space and promotes bolus clearance from the pharynx and around the laryngeal 

vestibule (Leonard et al., 2000, 2006). Figure 10 demonstrates the arrangement of the 

pharyngeal constrictor muscles. At the point of maximum pharyngeal constriction, the portion 

of unobliterated pharyngeal space may be larger for older adults (Leonard et al., 2004a). 

Studies of age effects on pharyngeal pressure present conflicting results; maximal pharyngeal 

pressures have been shown to significantly increase (van Herwaarden et al., 2003), decrease 

(Tracy et al., 1989), or remain unchanged (Robbins et al., 1992). One study attributed 

increased pharyngeal pressure and duration as compensatory to age-related changes in the 

UES (van Herwaarden et al., 2003). These findings were similar in another study, but maximal 

pressure did not significantly differ between age groups, and mean hypopharyngeal pressure 

duration was slightly larger for the 61–74-year-old group than the 75–89-year-old group 

(Yokoyama et al., 2000). In contrast, an earlier study observed decreased pharyngeal pressures 

in adults 60–79 years old, but this result is limited by the small sample size (n = 6) and an 

outdated assessment tool (manometer with three strain gauge sensors that were 3 cm apart; 
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Tracy et al., 1989). Pharyngeal sensation may also alter with age; reduced pharyngeal 

sensitivity has been detected in older adults (Aviv, 1997). 

Figure 10 

Muscles of the Pharynx and Cheek 

 

Note. Image reproduced from Gray, 1918 (Public Domain). 

The hyolaryngeal complex is an interrelated set of structures (Figures 11 and 12): 

hyoid, thyrohyoid muscle, thyrohyoid membrane, thyroid cartilage, cricothyroid membrane, 

cricoid cartilage, cricopharyngeus, trachea, and oesophagus; one of its functions is to protect 

the airway through hyolaryngeal elevation (W. Pearson & Zumwalt, 2014). Hyolaryngeal 

elevation has been observed to correspond with negative oral pressure, facilitating bolus 

transport during the oral phase (Olthoff et al., 2016). Healthy adults may demonstrate a 

protective early hyoid displacement, in comparison to the concerning effect of late or delayed 

hyoid movement on airway violation risk in adults with dysphagia (Leonard & McKenzie, 

2006). The hyoid elevates due to shortening of the stylohyoid, posterior digastric, and 



Part One: Introduction 
 

23 

mylohyoid muscles and moves anteriorly from contraction of the geniohyoid, thyrohyoid, and 

anterior digastric muscles (Okada et al., 2013). Each of these muscles have individualised 

roles, but when they are activated simultaneously, they work in balance to elevate the hyoid 

and larynx (S. Shaw et al., 2017). Hyolaryngeal elevation can alternatively be explained by 

two sling mechanisms: the anterior muscular sling (comprising of the suprahyoid muscles: 

geniohyoid, anterior digastric, mylohyoid, posterior digastric, and stylohyoid muscles) and the 

posterior muscular sling (involving the palatopharyngeus and stylopharyngeus) which 

coordinate with three skeletal levers: the vertebrae, mandible, and cranial base (W. Pearson & 

Zumwalt, 2014). The geniohyoid plays the primary role in hyoid elevation (Okada et al., 2013) 

which may suggest why morphological age-related changes in the geniohyoid are predictive of 

decline in swallowing function (Baba et al., 2017). In older age, the onset of anterior hyoid 

displacement may be delayed (Yokoyama et al., 2000) and the extent of superior and anterior 

hyoid displacements may decrease (Curtis et al., 2018; Yabunaka et al., 2011).  

Figure 11 

Sagittal Section of the Larynx and Upper Part of the Trachea 

 

Note. Image reproduced from Gray, 1918 (Public Domain). 
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Figure 12 

The Ligaments of the Larynx. Antero-lateral View 

 

Note. Image reproduced from Gray, 1918 (Public Domain). 

Timely and complete closure of the airway is vital to successful swallowing. However, 

the sequence of airway closure is debated (Table 2; Figure 13). Early studies proposed an 

inferior to superior order of events, attributing arytenoid to epiglottic base approximation to 

neuromuscular control and epiglottic deflection as a biomechanical result of hyoid elevation, 

bolus pressure, and tongue base retraction (Logemann et al., 1992; Shaker et al., 1990). 

However, a later study disagreed that maximal vocal fold adduction was the first event of 

laryngeal closure but instead delayed (Van Daele et al., 2005). Interestingly, this delay was 

also observed by Shaker et al. (1990) as one of three possible types of vocal fold closure 

during the first event: complete closure, closure for the anterior portion only, or no contact. 

Although Logemann et al. (1992) concurred with the study by Shaker et al. (1990), they did 

not perform endoscopy to investigate vocal fold closure. Later studies observed maximal vocal 

fold adduction after hyoid elevation and PES opening (Inamoto et al., 2011; Van Daele et al., 

2005). Differences between earlier and later studies are perhaps reflective of improvements in 
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assessment tools. For example, the 320-detector-row multislice CT offers 4D dynamic image 

data with excellent spatial resolution (Inamoto et al., 2011). 

Table 2 

Sequence of Airway Closure 

Study Assessment Sequence 
Shaker et al., 
1990 

endoscopy and 
manofluorography 

1) vocal folds adduct and the arytenoids approximate 
horizontally 
2) arytenoids approximate to epiglottic base 
3) hyoid elevates 
4) epiglottis maximally deflects 

Logemann et 
al., 1992 

manofluorography  1) epiglottis begins to deflect 
2) arytenoids approximate to epiglottic base 
3) epiglottis maximally deflects 

Van Daele et 
al., 2005 

endoscopy and 
electromyography 
with hooked-wire 
transoral and 
surface electrodes 

1) arytenoids adduct and tilt (posterior cricoarytenoid 
muscle deactivates)  
2) hyoid elevates (submental muscles activate) 
3) cricopharyngeal muscle relaxes 
4) tongue retracts and prepares for bolus transport 
(genioglossus activates) 
5) pharynx elevates and constricts (longitudinal muscles of 
the pharynx and the superior pharyngeal constrictor 
activate) 
6) vocal folds adduct (thyroarytenoid muscle activates) 
7) suprahyoid muscle contracts 

Inamoto et al., 
2011 

320-detector-row 
multislice CT 

1) hyoid begins to elevate 
2) PES opens  
3) vocal folds adduct and arytenoids approximate to 
epiglottic base, while hyoid elevates 
4) hyoid maximally displaces 
5) epiglottis maximally deflects 
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Figure 13 

The Entrance to the Larynx, Viewed from Behind 

 

Note. Image reproduced from Gray, 1918 (Public Domain). 

A large bolus may reach the pharynx before the airway is closed (the bolus head) but 

deviate laterally around the laryngeal vestibule as another form of airway protection 

(Logemann et al., 1992). Once the bolus reaches the PES, airway closure is achieved within 

0.1 s for healthy adults (Kendall et al., 2004a). Most swallows occur during the expiratory 

phase of the breathing cycle (McFarland & Lund, 1995), and after swallowing most people 

breathe out (Leslie et al., 2005). This is termed an expiratory-expiratory respiratory phase 

pattern. However, older adults have been observed less likely to perform this pattern (Wang et 

al., 2015) and more likely to execute a longer swallow apnoea or respiratory pause during 

swallowing (Leslie et al., 2005; Martin-Harris, 2008). 

Another function of the hyolaryngeal complex is to assist with PES opening (W. 

Pearson & Zumwalt, 2014). At rest, the PES is closed to prevent air from entering the 

digestive tract and to prevent gastroesophageal reflux from entering the hypopharynx or 

airway (Sivarao & Goyal, 2000). The PES opens during deglutition, eructation (burping), and 
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emesis (vomiting) (Cook et al., 1989). This region consists of the inferior pharyngeal 

constrictor, the cricopharyngeus muscle, and the adjacent cervical oesophagus (Kahrilas et al., 

1989). An interchangeable term in deglutology is the UES, which specifically refers to the 

manometric high-pressure zone between the pharynx and the cervical oesophagus (Sivarao & 

Goyal, 2000). Cricopharyngeal relaxation and hyolaryngeal elevation precede and thereby 

facilitate PES opening (Cook et al., 1989). The cricopharyngeus is structurally, biochemically, 

and mechanically unique; it is tonically active, has a high degree of elasticity, and its muscle 

composition allows maintenance of a resting tone that can be stretched open by external forces 

(Sivarao & Goyal, 2000). Hyolaryngeal elevation expands the hypopharynx by pulling the 

anterior wall from the posterior pharyngeal wall and generates a transient negative pressure 

which is also evident in the PES for bolus accommodation (Mendelsohn & McConnel, 1987). 

Pharyngeal contraction is also required to propel the bolus through the hypopharynx and PES 

(B. Jones et al., 1985). As the PES relaxes, the falling pressure at the PES may be delayed for 

older adults; minimum pressure may occur after bolus entry, creating an initial resistance 

(Yokoyama et al., 2000). Bolus size influences the timing and extent of PES opening. With 

increasing volumes, the PES relaxes progressively earlier and the duration of PES opening 

increases. Peak surface submental muscular activity shifts from occurring pre-PES opening for 

a small bolus (2–5 ml), to post PES opening for a large bolus (> 10 ml) (Cock, Jones, et al., 

2017). Older adults demonstrate a longer duration of PES opening (Jardine et al., 2020a). 

Findings are mixed on whether the width of PES opening changes with age. Logemann and 

colleagues performed separate normative studies on males and females, observing a significant 

decrease in cricopharyngeal opening for older men when swallowing a large bolus (Logemann 

et al., 2000) but no change for older women (Logemann et al., 2002). These results are limited 

by small sample sizes, as there were only eight participants in each age group. Older adults 

with non-obstructive cricopharyngeal bars have demonstrated a reduced width of PES opening 

(Leonard et al., 2004b). 
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2.2.4 Oesophageal Phase 

The pharynx and oesophagus are interrelated forming a functional unit to safely 

transport ingested material in anterograde during swallowing, as well as in retrograde through 

emesis and regurgitation (B. Jones et al., 1985). The oesophagus is distinguished between the 

cervical and thoracic regions, which are composed of striated and smooth muscles respectively 

(Goyal & Chaudhury, 2008). At rest the oesophagus initiates no contractions and lacks tone 

(Murray et al., 2003). Deglutition triggers a wave of circular muscle contraction, as well as 

inhibition that prepares the oesophagus for the arriving bolus and relaxes the lower 

oesophageal sphincter (LES) (Pandolfino et al., 2005). Peristalsis accelerates and decelerates 

in accordance with the change in oesophageal muscle composition; the propagating wave 

covers about 74% of the oesophagus at one time (Clouse et al., 1996). Peristalsis is 

distinguished between primary and secondary; the former is triggered by deglutition, while the 

latter occurs in response to oesophageal stimuli (Ren et al., 1995). Deglutitive inhibition is a 

typical event during primary peristalsis, whereby the second swallow inhibits the first 

peristaltic wave if the peristaltic contraction from the first swallow has not traversed the 

oesophagus (Shi et al., 2003). Oesophageal transit can take much longer than combined oral 

and pharyngeal phases depending on bolus type; barium pill and barium paste transit times can 

exceed one minute (Miles, Clark, et al., 2016). The LES is a region of elevated pressure which 

differs in composition from the oesophageal body as it is tonic at rest, relaxing within seconds 

of swallowing for five to eight minutes (Goyal & Chaudhury, 2008). The LES normally aligns 

with the crural diaphragm within the oesophagogastric junction (Cock, Besanko, et al., 2017). 

Active contractile properties of the oesophagus have been observed to reduce from as 

young as 40 years old affecting primary and secondary peristalsis (Gregersen et al., 2008). 

Older adults may demonstrate a longer primary peristaltic pressure wave, while secondary 

peristalsis may be inconsistent and infrequent (Ren et al., 1995). These changes in peristalsis 

likely affect oesophageal transit times in older age but also depend on bolus type. Oesophageal 

transit for a large liquid bolus was observed to systematically increase across age groups, yet 



Part One: Introduction 
 

29 

durations varied for barium pill and paste (Miles, Clark, et al., 2016). Age-related changes to 

peristalsis may also result in prolonged clearance of gastroesophageal reflux events for older 

adults (Ferriolli et al., 1998). In the LES, integrated relaxation pressure (lowest LES pressure 

for four seconds in a 10 second period following swallow onset) may decrease with age (Cock, 

Besanko, et al., 2017). After swallowing, LES relaxation may be incomplete for older adults 

and it may take longer for LES tone to return to baseline (Besanko et al., 2014). 

“Presbyesophagus” is a controversial term to describe age-related changes in 

oesophageal function (DeVault, 2002). This was the title of a landmark study investigating 

oesophageal motor function in advanced age (Soergel et al., 1964). Participants were aged 

over 90 years, but some had dementia or were bedridden and most had comorbidities. Results 

were described as “disorganised and inefficient” (p. 1475) and involved “defects” and 

“abnormalities” (p. 1478). About 30 years later, a review dismissed presbyesophagus and 

attributed age-related medical problems to motility disorders, instead of age (Tack & 

Vantrappen, 1997). A subsequent review concurred that ageing does not cause oesophageal 

dysfunction and many former cases of presbyesophagus may reflect long-term effects of 

untreated gastroesophageal reflux disease (DeVault, 2002). When comparing results across 

studies, it is also important to consider the influence of differing catheter configurations and 

measurement techniques (Cock & Omari, 2018). Manometric assessment and analysis have 

evolved, namely high-resolution manometry with impedance (HRIM) (Omari et al., 2020) and 

the Chicago classification criteria (Kahrilas et al., 2015). Differences in protocols and 

technology may account for conflicting age effects on oesophageal function in the literature. 

For example, the distal oesophageal peak pressure and the distal contractile integral were 

similar between age groups using HRIM (Besanko et al., 2014; Cock et al., 2016a). However, 

using low-resolution manometry (LRM), the amplitude of peristaltic contraction was 

significantly lower in older age (Nishimura et al., 1996). 
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2.3. Neural Swallowing Changes with Age 

While anatomical changes may lead to some of the physiological changes seen in older 

age, normal ageing also leads to decline in neurons and these neural differences may account 

for subtle swallowing physiological changes in older age (Pannese, 2011). Deglutition is 

controlled by an extensive neural network often divided into an afferent (sensory) system, 

efferent (motor) system, and higher centre (brain) (Hamdy et al., 1997). Cortical activity for 

swallowing is multidimensional and involves processing sensory, motor, and affective 

information in numerous regions (Hamdy et al., 1999). Early investigations of this complex 

sensorimotor process involved animal studies, as well as adults with neurogenic causes of 

dysphagia (Daniels & Foundas, 1997; Lang, 2009; Miller, 2008). Technological developments 

have revolutionised the understanding of the human swallowing network and age-related 

changes, such as through functional Magnetic Resonance Imaging (fMRI) (Humbert et al., 

2009), magnetoencephalography (Teismann et al., 2010), and transcranial magnetic 

stimulation (Sella et al., 2014). Deglutition is controlled by a central pattern generator, which 

refers to the group of interneurons in the central nervous system and cranial nuclei in the 

medulla that generate a standardised swallow sequence; sensory input activates interneurons in 

the brainstem, which subsequently excite motor nuclei to consecutively contract swallowing 

muscles (Miller, 1993). Therefore, the central pattern generator is responsible for the timing of 

motor responses in and between swallowing events (Lang, 2009). The ability to voluntarily 

initiate a swallow supports the role of the cerebral cortex in deglutition (Martin et al., 2001). A 

volitional swallow activates multiple brain regions, such as the bilateral prefrontal cortex, 

primary somatosensory cortex, insula, basal ganglia, and cerebellum (Moon et al., 2016), 

whereas a reflexive swallow is concentrated on the primary sensory and motor areas (Kern et 

al., 2001). Neural activations may differ between swallow planning and a swallow event such 

as tongue-tapping, throat clearing, and tongue elevation (Malandraki et al., 2009; Martin et al., 
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2004). Swallowing activations may also be lateralised to one hemisphere (Martin et al., 2004), 

particularly for certain regions (Hamdy et al., 1999). 

Sensory input is critical to overall swallowing function; it triggers the central pattern 

generator, modulates neural activity, initiates airway protective mechanisms, and adapts the 

swallowing sequence (Mistry & Hamdy, 2008). Sensory receptors throughout the swallowing 

mechanism respond to stimuli, such as touch, pressure, taste, pain, and temperature, and likely 

converge as some receptors respond to more than one stimulus (Miller, 2008). Sensory 

information transfers to the trigeminal sensory nuclei and the nucleus tractus solitarius (NTS) 

in the medulla oblongata (Jean, 2001). When a swallow is initiated, sensory information from 

the superior laryngeal nerve reaches the dorsal group of the medulla around the NTS and is 

organised in the ventral group around the nucleus ambiguous (NA), leading to activation of the 

swallowing sequence through motor nuclei (Miller, 1993). The glossopharyngeal nerve also 

facilitates swallowing initiation (Kitagawa et al., 2002). During swallowing, pharyngeal motor 

neurons activate the pharyngeal muscles, while the bolus provides sensory feedback to the 

NTS to modify swallowing events, as well as to induce oesophageal peristalsis (Lang, 2009). 

Motor neurons for deglutition are located in the trigeminal, facial and hypoglossal motor 

nuclei, NA, and in the upper cervical regions (Miller, 2008). The trigeminal and facial motor 

nuclei are mainly involved in bolus preparation, such as mastication, licking, and sucking 

(Campbell, 1981). The hypoglossal motor nucleus and the NA are critical to the swallowing 

sequence as their neural pathways innervate the intrinsic and extrinsic tongue muscles, 

pharynx, larynx, and upper oesophagus (S. Shaw & Martino, 2013). 

In older age, deglutition may require greater and widespread neural control. Stronger 

activations have been observed in the prefrontal cortex and middle temporal gyrus during 

swallowing (Moon et al., 2016). Increased activation of more cortical regions may be 

associated with increased demands for older adults to execute the task (Humbert et al., 2009; 

Martin et al., 2007). Increased overall symmetry in cortical activation is suggestive of age-

related compensations that are observed in other motor and cognitive tasks (Malandraki et al., 
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2010). However, increased bilateral somatosensory cortical activation may also prevent a 

decline in function (Teismann et al., 2010). Larger motor-evoked potentials by single-pulse 

transcranial magnetic stimulation coincided with lower amplitude of submental 

electromyography; increased cortical activity may account for preserved swallowing function 

in older adults (Sella et al., 2014).
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Chapter 3. Swallowing Function in Advanced Age 

 

This chapter is an invited paper which was peer-reviewed and published in Current 

Opinion in Otolaryngology and Head and Neck Surgery. The purpose was to review recent 

deglutition research in advanced age, including healthy ageing, dysphagia, and trends in 

multidisciplinary team service delivery. 

Jardine, M., Miles, A., & Allen, J. (2018b). Swallowing function in advanced age. 

Current Opinion in Otolaryngology & Head and Neck Surgery, 26(6), 367–374. 

 Elderly has traditionally featured in the literature to classify adults 65 years and older 

(OECD, 2018; Woodhouse et al., 1988). In more recent years, this classification has evolved 

to differentiate young old (65–74 years of age) from old old (75–84 years of age) and oldest 

old (85 years and older) (Sadana et al., 2013). Recognition of the globally ageing population is 

reflected in the growing interest in ageing research, including deglutition. Terminology 

referring to age-related swallowing changes has gained traction in the deglutition literature, 

such as presbyphagia (M. Dejaeger et al., 2015), senescent swallowing (Ney et al., 2009), and 

sarcopenic dysphagia (Sakai & Sakuma, 2017). The spotlight on increased prevalence of 

dysphagia in older adults due to increased dysphagia-associated diagnoses, comorbidities, and 

medications, calls for clinical research and improvements in dysphagia management catering 

to advanced age (Baijens et al., 2016). Understanding healthy swallowing variability across 

the lifespan prevents attributing symptoms of swallowing impairment as part of the typical 

ageing process or conversely, overmanaging patients (McCullough et al., 2007; Plowman & 

Humbert, 2018). This review presents current evidence and opinion in the literature (January 

2017–June 2018) regarding swallowing function in advanced age from a perspective of both 

healthy ageing and pathology, as well as trends in multidisciplinary practice. 
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3.1. Swallowing in Old Age 

The term “presbyphagia” has appeared throughout the recent deglutition literature but 

remains to be fully defined (Reddy & Priyadharshini, 2017; Sasegbon & Hamdy, 2017). 

Overgeneralisation of the ageing process and its effects on swallowing, risks becoming 

misleading, as maintenance of swallowing efficiency is generally established in healthy old 

and oldest old adults (McCullough et al., 2007). Therefore, reports of swallowing problems 

should receive appropriate attention and investigation, rather than be attributed to a natural 

consequence of gradual ageing. Normative studies assist with understanding healthy age-

related changes, but the heterogeneity of the older population complicates recruitment, most 

evident in the imbalance of oldest old in the deglutition literature. However, with increased 

focus on the globally ageing population, quality studies are emerging. 

3.1.1 Oral Phase of Swallowing 

Unlike the pharynx, age-related changes in the oral cavity can be visualised without 

instrumental assessment. In a recent review, Peyron et al. (2017) correlate changes in saliva, 

dentition, and oral motor skills with age, which accordingly, are considered central to oral 

phase assessment. Rogus-Pulia et al. (2018) highlight the crucial role of saliva during bolus 

preparation, associating age with perceived dry mouth and not swallowing effort, which 

perhaps warrants the development of treatments for xerostomia in the older population. 

Insufficient chewing is identified by H. Kim and Kim (2017) as a predictor for poor oral intake 

and compromised nutrition in older age, rather than number of teeth. Therefore, older adults 

with chewing difficulties may benefit from a modified diet. However, this is not a blanket 

recommendation, as unnecessarily modified diets may lead to malnutrition, reduced muscle 

mass (Shimizu et al., 2018), and psychosocial consequences (Seshadri et al., 2018). This issue 

inspired Wada et al. (2017) to develop a simple and practical bolus preparatory assessment: 

colour-changeable chewing gum. There is need for more innovative swallowing assessment 

tools beyond the clinical environment to enhance access for the ageing community. 
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3.1.2 Pharyngeal Phase of Swallowing 

Namasivayam-MacDonald et al. (2018) systematically reviewed the literature on 

timing measures of swallowing in healthy elderly through VFS. The authors summarise 

consistently reported timing differences: longer times in older adults for swallow reaction 

parameters; pharyngeal delay; and UES opening, and shorter times in older adults from bolus 

entry into the pharynx to epiglottic deflection (Namasivayam-MacDonald et al., 2018). Above 

all, age does not appear to affect velocity of bolus transit or the majority of timing parameters 

in swallowing. Varied terminology for swallowing parameters are categorised in tables, while 

timing measures between younger and older adults are compared in striking forest plots. 

Namasivayam-MacDonald et al. support a larger range of normal variation in swallowing 

measures with age, calling for age-matched controls to enhance dysphagia management for 

older adults. They conclude that large deviations from age-matched norms are attributable to 

symptoms of swallowing impairment rather than age (Namasivayam-MacDonald et al., 2018). 

Limitations that burden normative swallow studies include low participant numbers; 

small bolus sizes or range of liquid types; and the impact of spoon delivery, barium, and cued 

swallows (Butler et al., 2018). Herzberg et al. (2018) present an update on swallow event 

sequencing in older adults, comparing older (n = 23, 65–90 years old) to younger (n = 20, 22–

45 years old) cohorts, with well-presented data that eases interpretation of complex analyses. 

The authors report reduced variation in overall swallow sequences with age, which contrasts 

with increased variability of timing measures. Specific findings diverge from Kendall et al.’s 

original study (2003), which comprised of a younger (18–62 years old), yet larger sample size 

(n = 60). Herzberg et al.’s results claim to serve as a normative reference for the dysphagia 

population, despite the small sample size. This recent study also demonstrates the challenge of 

recruiting an older cohort with representation from the oldest old. 

In our laboratory, we recruited 139 healthy adults aged 20–99 years old (including 34 

adults aged 80 years and older, M = 86.6, SD = 5.9), who underwent VFS. Quantitative 

analyses of timing and displacement measures devised by Leonard and Kendall (2019) has 
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been performed. Early results reflect previous studies of age-related swallowing changes 

between dichotomous younger (< 65-year-olds) and older age groups (e.g., increased 

pharyngeal transit times, PES opening duration, pharyngeal constriction ratio (PCR), and 

reduced PES maximal opening distance seen in older adults). However, further differentiation 

between old and oldest old groups suggests healthy age-related changes are not progressive 

and swallowing efficiency is maintained through to 100 years old (Figure 14). Structural 

changes, such as cricopharyngeal bars (16% of > 70-year-olds) and osteophytes (23% of > 70-

year-olds) were observed significantly more often in older asymptomatic individuals, 

suggesting these changes may not always be a source of deficit. 

Figure 14 

Lateral Videofluoroscopic Image Demonstrating Minimal Residue of Paste Following 

Swallow of a 3 cm3 Paste Bolus in a Healthy 80-year-old 

 

Note. No citation or copyright attribution is required. 

3.1.3 Oesophageal Phase of Swallowing 

The pharyngoesophageal relationship is well recognised. However, it remains the 

clinical norm to perform separate pharyngeal and oesophageal studies, which Levine and 

Rubesin (2017) emphasise “needs to end” in a historical narrative of the barium swallow (p. 

61). Our laboratory team are strong proponents of oesophageal screening as an adjunct to 
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VFS. We previously reported a significant increase in oesophageal transit times for a 20 ml 

liquid barium bolus with age (Figure 15) (Miles, Clark, et al., 2016). Of further clinical 

relevance, there was no age association with pill and paste oesophageal transit times, or with 

the occurrence, location, and frequency of bolus stasis. In the recent literature, the oesophageal 

phase has received little attention. However one paper from Cock, Besanko, et al. (2017) 

report novel findings for adults 80 years and older from HRIM, including reduced relaxation 

and bolus flow at the oesophagogastric junction. 

Figure 15 

Anterior-posterior Videofluoroscopic Image Demonstrating Oesophageal Transit of 20 ml 

Liquid Barium Bolus in a Healthy 82-year-old 

 

Note. No citation or copyright attribution is required. 

3.1.4 Penetration and Aspiration 

Last year, Butler and colleagues (2018) added to their normative series on Functional 

Endoscopic Evaluation of Swallowing (FEES). This time, the authors investigated factors 

associated with penetration and aspiration in 203 healthy participants through to 90 years old. 

Penetration was detected on 9% of swallows and aspiration on 2% of swallows across the 

lifespan, of which 75% were silent (Penetration-Aspiration Scale (PAS) 8: no effort to eject 

material in airway) (Rosenbek et al., 1996). PAS ratings between younger and older age 
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groups suggested an age effect. This also corroborates preliminary research in our own 

laboratory, where only three airway violation events were detected out of 139 swallows of 20 

ml: aspiration of post-swallow residue in an 88-year-old (PAS 6) and 95-year-old (PAS 4); 

and intradeglutitive penetration in a 90-year-old (PAS 3, Figure 16). As penetration and 

aspiration events are often perceived as more severe during FEES (Kelly et al., 2007), this 

may account for differences in PAS ratings and frequencies between studies using FEES 

versus VFS. 

Figure 16 

Lateral Videofluoroscopic Image Demonstrating Penetration on 20 ml Thin Fluid in a Healthy 

90-year-old 

 

Note. No citation or copyright attribution is required. 

3.2. Dysphagia and Ageing 

Emphasis on increasing prevalence of swallowing complaints due to the globally 

ageing population features as a basis for many studies. However, does this risk portraying 

swallowing deterioration as a feature of age or a discreet symptom of an underlying disease or 

disorder?  Of further concern, older adults with difficulties swallowing may attribute their 

symptoms to the ageing process and not complain of swallowing problems, assuming they 
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cannot be helped. Instead, older adults may try to adapt or curtail their diet, leading to delayed 

management and worse consequences (Ekberg et al., 2002). De Lima Alvarenga et al. (2018) 

interviewed and performed FEES on 100 healthy over 60 year olds, finding no relationship 

between subjective symptoms and clinical observations. Furthermore, “ageing itself was not 

an isolated risk factor for dysphagia” (p. 447). This reflects an earlier epidemiological study 

which profiled increased rates of dysphagia referrals in advanced age, yet reminded the 

clinician that “ageing per se does not cause dysphagia” (Leder & Suiter, 2009, p. 714). In a 

recent systematic review, Zhao et al. (2018) highlight that while sarcopenia increases with age, 

it is unknown whether sarcopenia causes dysphagia. 

3.2.1 Prevalence of Dysphagia 

Quantifying dysphagia prevalence is an ongoing challenge that needs more attention, 

well beyond a static percentage. The lack of robust data on prevalence is a pitfall for recent 

reviews, with reliance on data from questionable methodologies (Smukalla et al., 2017). In 

contrast, the Eating-Assessment Tool-10 (EAT-10) was validated for documenting dysphagia 

severity; a score of three or higher is considered abnormal (Belafsky et al., 2008). Wham et al. 

(2017) used the EAT-10 to offer a fresh perspective on dysphagia risk prevalence in the older 

population across community, hospital, and residential care facilities. The authors found 17% 

of 167 participants at risk of dysphagia: 4% of older adults in the community, 16% of older 

adults in hospital, and 32% of older adults in residential care (Wham et al., 2017). This 

supports calls to incorporate dysphagia screening for those transitioning from independent 

living to supported living facilities. 

3.2.2 Malnutrition 

There is building evidence to support the routine screening of nutrition and dysphagia 

in the older population. In recently hospitalised patients aged 85 years and older (n = 88), 

Popman et al. (2018) identified one third with malnutrition and dysphagia risk, while 43% 

were at risk of malnutrition. For older adults receiving enteral nutrition in a stroke 

rehabilitation ward, Nishioka et al. (2017) noted an even higher proportion of older patients 
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(93%) were at risk of malnutrition, yet age was not correlated with achieving full oral intake. 

In long-term care residents aged 65 years and older, Namasivayam-MacDonald et al. (2017) 

classified 44% as malnourished and 59% with suspected swallow impairment. Edwards (2017) 

explored “what next” after dietary recommendations are made by systematically appraising 

environmental reasons contributing to malnutrition risk in hospital and rehabilitation patients 

over 65 years old. Inadequate feeding assistance is associated with poor mealtime outcomes. 

The author suggests a number of initiatives to enhance mealtimes: set up meals that are within 

reach with opened packaging; allow adequate time to finish meals; promote positive 

interactions in communal dining rooms; and involve volunteers, employed assistants, and 

whānau [family] (Edwards et al., 2017). Preventative action to maintain good nutrition in 

advanced age is underway (Popman et al., 2018; Wham et al., 2017). 

3.2.3 Aspiration Pneumonia 

While aspiration pneumonia can be a life-threatening illness for older adults, studies 

indicate that ageing alone is not a risk factor. For adults in residential care, Hollaar et al. 

(2017) correlated pneumonia with dysphagia and not age. During hospitalisation, Kenzaka et 

al. (2017) recognised that swallowing function assessment, consciousness, and extent of 

infiltration on chest radiography were significant predictors for the discontinuation of oral 

intake due to recurrent aspiration. Similarly, in older patients with acute pneumonia, Oba et al. 

(2017) identified the Glasgow Coma Scale and Repetitive Swallowing Test as prognostic 

predictors for oral intake, not age. 

3.3. Treating Presbyphagia 

Smithard (2018) offers a thorough clinical perspective on supporting older adults with 

eating and drinking, particularly those who are very frail. Figure 17 presents a 

multidisciplinary pathway for the management of older adults with swallowing problems, 

devised by Smithard. The author forecasts areas of future research for frail older adults such as 



Part Two: Reviews 
 

42 

“maintenance” swallowing rehabilitation exercises working on the principle of “use it or lose 

it”. 

Figure 17 

Multidisciplinary Management For Older Adults with Swallowing Problems  

  

Note. Image reproduced with permission from Smithard, 2018. 

Molfenter, Hsu et al. (2018) report the effects of swallowing exercise in healthy older 

adults targeted at improving pharyngeal musculature that may be at risk of atrophy with age. 

While PAS scores were unchanged, maladaptive effects were observed from the effortful 

swallowing task. Perhaps this suggests that natural compensations in the ageing process came 

under threat due to forced reinvention of a typical older swallow. We have explored the wider 

effects of intensive voice therapy, Lee Silverman Voice Treatment, in adults with Parkinson’s 

disease and no swallowing complaints (Miles et al., 2017). Alongside expected voice 
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improvements, we observed increased maximal opening distance and duration of opening of 

the PES, as well as improved pharyngeal tone (Miles et al., 2017). These parameters 

contribute to swallowing efficiency and complete bolus transit whilst reducing residue (a 

recognised risk for aspiration). Studies regarding general “use it or lose it” physical activity 

interventions are well documented to improve physical functioning outcomes for older adults 

(Chase et al., 2017). There may be promise for general swallowing exercises, but further 

investigation is required. 

3.4. Long-term Management of Dysphagia 

It is well known that multidisciplinary teamwork optimises dysphagia management 

(Smithard, 2018). In cases of profound swallowing impairment, the decision for “risk feeding” 

versus alternative feeding is complex and an ethical dilemma, particularly in advanced age. 

The need for risk feeding guidelines is promoted in New Zealand research. A retrospective 

hospital audit highlights varied management and lack of documentation regarding feeding 

decision-making (McHutchison et al., 2018). This corresponds with perceptions of staff, 

patients, and whānau [family] in a qualitative study of complex feeding decisions in an 

inpatient setting. Themes include inadequate training and operational policy around complex 

feeding, communication, the complexity of the decision, and patient and whānau [family]-

centred care (Miles, Watt, et al., 2016). For enteral feeding in older adults, a similar 

specialised team approach is essential to establish, monitor, and discontinue feeding (Lan et 

al., 2017). In a systematic review, Lan et al. (2017) recognise contradictions for alternative 

feeding in adults 65 years and older with varied comorbidities; nutritional status is not 

necessarily improved nor is weight loss prevented. Ultimately, oral intake is recommended to 

uphold quality of life. However, texture-modified diets can also have repercussions, as 

Seshadri et al. (2018) discuss in a thought-provoking qualitative study. Themes such as 

continuum of adherence and preservation of self-identity offer important talking points. As 

eating plays a central role in enjoyment for older adults, it is no surprise that Morisaki et al. 
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(2017) correlate increased dysphagia risk with decreased quality of life scores for older 

dependent adults in the community. The authors promote the development of home 

interventions to better support older dependent adults with or at risk of swallow dysfunction 

living in the community. 

3.5. Conclusions 

Today’s adults in their early sixties may no longer meet criteria for elderly as their 

former counterparts did, especially those working beyond retirement years and living well. 

Connotations of elderly may instil expectations of swallowing changes and infirmity based on 

age alone. Current research addresses this misconception — symptoms of dysphagia are not 

characteristics of healthy ageing. The diversity of the older population and serious 

consequences of swallowing difficulties call for routine screening tools for evaluation of 

swallowing impairment and malnutrition risk to be instituted. Multidisciplinary perspectives 

and initiatives beyond the clinical environment demonstrate a clear commitment to improving 

quality of life for the ageing population.  



Part Two: Reviews 
 

45 

Chapter 4. A Systematic Review of Physiological Changes in 

Swallowing in the Oldest Old 

This chapter was peer-reviewed and published in Dysphagia. The aim of this review 

was to systematically collate and critically appraise studies investigating normal swallowing 

changes in adults over 85 years old using instrumental assessment. Results were classified as 

statistically significantly different, a trend, or no change in older age. Due to the number and 

variety of swallowing measures, there was limited scope for more detailed results in the 

systematic review or meta-analysis. Appendix A further discusses the results of the measures 

that demonstrated more significant differences in older age. These values provide a normative 

range for comparison with the dysphagia population clinically and in future research. 

Jardine, M., Miles, A., & Allen, J. (2020a). A systematic review of physiological 

changes in swallowing in the oldest old. Dysphagia, 35(3), 509–532. 

World-wide, populations are ageing and include more older adults. A greater number 

of older adults are forecast to live over 85 years old (the oldest old) with mixed health and 

abilities (Jaul & Barron, 2017). Ageing alone does not cause swallowing difficulties. 

However, the prevalence of swallowing impairment increases with age due to age-related 

diseases, medical events, multimorbidity, and polypharmacy (Madhavan et al., 2016). These 

contribute to rising referrals for swallowing assessment in the oldest old (Leder et al., 2016). 

Physical consequences of dysphagia include aspiration pneumonia (Marik & Kaplan, 2003), 

malnutrition, and dehydration (Sura et al., 2012), which may become life-threatening. The 

perception of an idyllic retirement, centered on social events with eating and drinking, is 

altered for older adults with swallowing difficulties. Quality of life is negatively impacted, 

burdening not only the individual but also their partner, caregiver, whānau [family], and 

friends (Chen et al., 2009; Namasivayam-MacDonald & Shune, 2018). 

An understanding of swallowing in healthy adults across the lifespan is essential to 

differentiate pathology from normal variance and optimise dysphagia management (Plowman 
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& Humbert, 2018). Swallowing changes with ageing have been well addressed in the 

deglutition literature and discussed in a number of age-related swallowing reviews (Forster et 

al., 2011; Gleeson, 1999; Logemann et al., 2013; Robbins, 1999). In the late 1980s, studies 

emerged on swallowing changes in healthy ageing (Sonies et al., 1988; Tracy et al., 1989). At 

this time, it was common for participants over 60 years old to be described as elderly and 

compared with a younger age group. Subsequent studies have been similarly designed. The 

shift in the ageing of our population questions the direction of our future research. For 

example, are age-related changes best analysed using dichotomous age groups?  Perhaps not 

for countries with burgeoning ageing populations: a global phenomenon with implications for 

health policy (Ward et al., 2011). It is unlikely that current 60–70-year olds from these 

countries reflect the health status and overall abilities of their counterparts from the 1980s and 

1990s. It also does not seem appropriate to compare or equate an adult at the age of retirement 

with someone in their late 80s or 90s. Without studies that differentiate age groups across the 

lifespan, it will be difficult to support those living into advanced age presenting with 

swallowing complaints. We conducted a systematic review to collate and critically appraise 

studies that have investigated swallowing changes in healthy adults over 85 years old using 

instrumental assessment. Using the PICO framework (Santos et al., 2007), our research 

question was “what are normal swallowing physiological changes in the oldest old as assessed 

by instrumental assessment?”  We hypothesised that studies report quantifiable swallowing 

changes in the oldest old which are significantly different from younger adults. 

4.1. Methods 

This review followed the Preferred Reporting Items for Systematic Reviews and Meta-

Analyses (PRISMA) and was registered on the International Prospective Register of 

Systematic Reviews (PROSPERO: CRD42018086084). Studies that identified participants as 

healthy and without swallowing problems during the recruitment process were included in this 

review. Studies met criteria for including the oldest old if the age range of a participant group 
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extended beyond 85 years old or the combined mean age and standard deviation of a 

participant group exceeded 85 years old. Instrumental assessments included FEES, HRIM, 

LRM, and VFS. Studies that used devices to measure oral processing, such as jaw strength, 

tongue strength, or bite force were not investigated in this review. Quantitative measures of 

swallowing (oral, pharyngeal, and oesophageal physiology) were organised into bolus transit, 

swallow timing, displacement, pressure, and airway compromise (penetration, aspiration, and 

residue). Inclusion and exclusion criteria are presented in Table 3. 

Table 3 

Criteria for Title, Abstract and Full-text Review 

Inclusion criteria Exclusion criteria 

Original peer-reviewed quantitative 
studies 
Recruitment of participants aged  
> 85 years 
Studies investigating oral, 
pharyngeal, or oesophageal phases 
of swallowing  
Healthy participants without history 
of dysphagia or diagnosis known to 
affect swallowing 

Reviews, meta-analyses, qualitative studies, 
editorials, commentaries, conference 
abstracts 
Participants only aged < 85 years 
Studies focussed on anatomy or oral 
processing, including mastication, jaw 
strength, tongue strength, and bite force 
Participants only with a history of dysphagia 
or diagnosis known to affect swallowing 

4.1.1 Search Strategy 

Studies published until December 2018 were retrieved from BIOSIS, CINAHL, 

Embase, Medline, and Scopus. A specialist university librarian was consulted for advice on 

databases and search terms. Our search keywords were broad: “swallowing” AND “normal” 

OR “healthy” OR “typical”. Search results were filtered in each database by age (80 years and 

older), article type (journal article), human studies and language (English). MeSH terms were 

searched on Medline: “deglutition” AND “healthy volunteers” OR “aged, 80 and over”. 

Search results were saved in Endnote (Clarivate Analytics, Philadelphia), where 

duplicates were removed. Titles of studies retrieved using the search strategy were screened 

against the exclusion criteria and coded according to Table 3 followed by abstracts of 

potentially eligible studies. From the articles that met inclusion for review, a hand-search for 
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additional eligible studies was performed using their reference lists, first by screening titles 

and then abstracts. If a study met criteria, the full texts were critically appraised for inclusion. 

4.1.2 Study Analysis 

Studies were entered onto a spreadsheet (Microsoft Excel, Version 16.21.1) after title 

and abstract screening. Data were then extracted from relevant studies following the PICO 

framework (Santos et al., 2007) (Appendix B).  

1. Participants: age range, mean age of oldest group and standard deviation, names of 

participant groups, total participants (n), how participants were deemed healthy 

2. Intervention: instrumental assessment, swallow tasks during the assessment (bolus size and 

texture) 

3. Comparators: names of participant groups and total participants (n). 

4. Outcomes: bolus transit times (s), swallow times (s), displacement (cm) and pressure 

(mmHg), as well as events of penetration, aspiration and residue 

The data collection process was presented by the first author to four doctoral 

candidates from the Department of Speech Science (including three specialising in Dysphagia) 

during a research meeting and discussed until consensus was met. Terms and definitions for 

bolus transit and swallow timing, displacement, and pressure were extracted from studies. 

Significant and non-significant swallowing changes with age were summarised. Measures 

were tabulated and differences between young and old were presented if there were between-

group differences on any bolus type. The proportion of adults over 85 years old was assessed 

in each study in keeping with the study research question. 

4.1.3 Risk of Bias and Quality 

The full texts of included studies were critically appraised using an adapted checklist 

from the Critical Appraisal Skills Programme (Appendix C). The Cochrane Collaboration’s 

tool for assessing risk of bias was adapted to assess performance, detection, attrition, 

reporting, and other sources of bias (Higgins & Green, 2011). The GRADE approach was used 

to assess quality of evidence, including imprecision, inconsistency, indirectness, and 
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publication bias, as well as risk of bias (Balshem et al., 2011). All data were reviewed by the 

second author at both study selection and quality appraisal stages. Discrepancies were resolved 

through consensus. 

4.2. Results 

The study selection process is presented in Figure 18. Forty-four studies met inclusion 

criteria.  

Figure 18 

Adapted PRISMA Flow Diagram, Presenting the Different Phases of Study Selection for the 

Systematic Review
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Reasons for study exclusions after abstract and full text screening are detailed in Table 

4. Out of 107 studies investigating normal swallowing in older adults, 64% of studies (69/107) 

did not recruit the oldest old. Instrumental assessments included VFS (59%), FEES (11%), 

VFS with LRM (9%), HRIM (9%), LRM (7%), and FEES with LRM (5%). Figure 19 

provides a graphic representation of the most reported significant and non-significant findings 

across measures. 

Table 4 

Reasons for Study Exclusions After Abstract and Full-text Reviews 

Reasons for study exclusions Studies excluded 
after abstract review 

n = 125 

Studies excluded 
after full-text review 

n = 37 
Participants with dysphagia 15 3 
Study unrelated to normal 
swallowing changes in older adults 

23 4 

Participants < 85 years 42 27 
No instrumental assessment 
performed 

16 1 

Focus on oral-processing 15 1 
Not an original article 4 0 
Not in English 1 0 
Other 9 1 

 
Figure 19 

Most Reported Significant and Non-significant Measures Across Included Studies
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4.2.1 Timing of Bolus Entry into Pharynx Compared to Swallow Onset 

Eleven studies analysed the timing of bolus entry into the pharynx compared to 

swallow onset [VFS (8/11), HRIM (2/11), and FEES (1/11)] using 14 different measures 

(Table 5). More than half of measures (9/14) demonstrated a significant increase in delay of 

swallow onset compared to bolus movement. 

Table 5 

Delay in Swallow Onset 

Study Assessment Measure Definition Old age 
Rademaker 
et al., 1998  

VFS Pharyngeal 
delay time 

From bolus head passing ramus of 
mandible until onset of laryngeal elevation 

↑ 

Logemann et 
al., 2000 

VFS Pharyngeal 
delay 

From bolus head reaching point where 
lower edge of mandible crosses tongue 
base until first laryngeal elevation in 
swallow is seen 

↑ 

Logemann et 
al., 2002 

VFS Pharyngeal 
delay 

From bolus head reaching point where 
lower edge of mandible crosses tongue 
base until first laryngeal elevation in 
swallow is seen 

⇡ 

Y. Kim et al., 
2005 

VFS Pharyngeal 
delay time 
 

From bolus head passing posterior edge of 
ramus of mandible until initial observation 
of laryngeal elevation 

↑ 
 
 

Stage 
transition 
duration 

From bolus passing posterior edge of 
ramus of mandible until maximal 
excursion of hyoid is initiated 

↑ 
 
 

Delayed 
pharyngeal 
swallow 

From head of bolus reaching valleculae to 
initiation of laryngeal movement 

⇡ 

Yoshikawa 
et al., 2005 

VFS Pharyngeal 
delay time 

Begins when bolus head reaches point 
where lower edge of mandible crosses 
tongue base, and ends when laryngeal 
elevation begins in context of rest of 
swallow 

↑ 

Martin-
Harris et al., 
2007 

VFS Delayed 
pharyngeal 
swallow 

Difference between bolus head arrival at 
the posterior angle of mandible and onset 
of hyoid motion 

⇡ 

McCullough 
et al., 2007 

VFS Stage 
transition 
duration 

Arrival of first material at ramus of 
mandible to initiation of maximal hyoid 
excursion 

⇡ 

Stage 
transition 
duration 2 

From bolus head at ramus of mandible to 
initiation of maximal hyoid excursion 

↑ 
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Study Assessment Measure Definition Old age 
Ayala & 
Logemann, 
2010 

VFS Pharyngeal 
delay time 

Difference between onset of laryngeal 
elevation and point when bolus head passes 
cross-point between the inferior edge of 
mandible and tongue base 

⇡a 

Butler, 
Maslan, et 
al., 2011 

FEES Bolus dwell 
time 

Bolus hesitation in pharynx before onset of 
pharyngeal swallow 

↑ 

Omari et al., 
2014 

HRIM Flow interval Bolus dwell time not further defined ↑ 

Cock et al., 
2016b 

HRIM Flow interval Reference to Omari, Dejaeger, Van 
Beckevoort, Goeleven, De Cock, et al. 
(2011) (duration of impedance drop in 
distal pharynx) 

↑ 

Note. ↑ = statistically significant increase observed in older adults. - = no significant age-related 

change. ⇡ = increase reported for older adults that was not statistically significant. 

a Effects of use: a steady increase was observed for old and very old towards end of swallow sets. 

4.2.2 Bolus Transit Time 

The majority of bolus transit measures (15/22) demonstrated a significant age-related 

increase (Table 6). All but one study (10/11) measured bolus transit using VFS; two studies 

included concurrent manometry. 

Table 6 

Bolus Transit Times 

Study Assessment Measure Definition Old age 
E. Dejaeger 
et al., 1994  

LRM 
VFS 

Oropharyngeal 
transit time  

Time to pass distance between first and 
second sensor  

- 
 

Hypopharyngeal 
transit time 

Time to pass distance between second 
and fourth sensor 

- 

Pharyngeal 
transit time 

Time between arrival of bolus head at 
first sensor and passage of bolus tail at 
fourth sensor. Duration of bolus passage 
in pharynx  

- 

Rademaker 
et al., 1998 

VFS Oral transit time 
 

From onset of tongue movement 
propelling bolus posteriorly until bolus 
head passes ramus of the mandible 

- 
 
 

Pharyngeal 
transit time 

From bolus head passing ramus of 
mandible until bolus tail passes through 
cricopharyngeal sphincter 

↑ 

Yokoyama 
et al., 2000 
 
 

LRM 
VFS 
 
 

Oropharyngeal 
transit 

Segmental transit time 
 

↑ 

Hypopharyngeal 
transit 

↑ 
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Study Assessment Measure Definition Old age 
Yokoyama 
et al., 2000 

LRM 
VFS 

UES transit Duration from moment bolus head 
touches respective sensor to moment 
bolus tail leaves same sensor 

↑ 

Pharyngeal 
transit time 

Duration from moment bolus head 
touches oropharyngeal sensor to moment 
bolus tail leaves UES sensor 

↑ 

Leonard et 
al., 2004b 
 

VFS Hypopharyngeal 
transit time  

Time between bolus head exiting or 
passing valleculae and bolus tail clearing 
UES 

↑ 

Martin-
Harris, 
Brodsky, et 
al., 2005 

VFS Total swallow 
duration 

Not further defined ⇡ 

Martin-
Harris, 
Michel, et 
al., 2005 

VFS Total swallow 
duration 

Not further defined ⇡ 

Yoshikawa 
et al., 2005  

VFS Oral transit time 
  

Time from beginning of tongue 
movement to beginning of voluntary oral 
stage until tail of bolus reaches point 
where lower edge of mandible crosses 
tongue base 

↑ 

Pharyngeal 
transit time 

Time from trigger of pharyngeal swallow 
to when tail of bolus passes through 
cricopharyngeal region 

↑ 

McCullough 
et al., 2007 

VFS Oral transit 
duration 

Beginning of posterior movement of 
bolus to bolus head at ramus of mandible 

↓ 
 

Pharyngeal 
transit duration 

From bolus head at ramus of mandible to 
bolus tail entering cricopharyngeus 

↑a 
 

Total swallow 
duration 

From beginning of posterior bolus 
movement to hyoid return to rest 

↑ 

Im et al., 
2012 

VFS Pharyngeal 
transit duration 

Duration of bolus flow from ramus of 
mandible to UES 

↑ 

Veiga et al., 
2014 

FEES Time of intake Stopwatch was started when water 
touched participant’s lips and was 
stopped when utensil was handed to 
researcher 

↑ 

Miles, 
Clark, et al., 
2016 

VFS Oesophageal 
transit time 

Not further defined ↑ 

Jardine et 
al., 2018a 

VFS Total 
pharyngeal 
transit time 

Onset of swallow (first movement past 
posterior nasal spine) to clearance of 
bolus tail through PES 

↑ 

Oesophageal 
transit time 

Entrance of bolus through PES to 
clearance through lower oesophageal 
sphincter 

↑ 
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Note. ↑ = statistically significant increase observed in older adults. ↓ = statistically significant decrease 

observed in older adults. - = no significant age-related change. ⇡ = increase reported for older adults 

that was not statistically significant. 

a Significant systematic increase in pharyngeal transit duration across age groups until ≥ 80 years. 

4.2.3 Hyoid Measures 

Studies that measured hyoid displacement and timing all used VFS and showed 

varying results on the effect of age (Table 7). 

Table 7 

Hyoid Displacement and Timing Measures 

Displacement 
Study Assessment Measure Definition Old age 

Kern et al., 
1999 

LRM 
VFS 

Anterior 
excursion of 
hyoid 

Maximum anterior excursion of the hyoid 
bone from resting position 

↓ 
 

Superior 
excursion of 
hyoid 

Maximum superior excursion of the hyoid 
bone from resting position 

- 

Logemann et 
al., 2000 

VFS Anterior hyoid 
movement 

From rest position to maximal elevation ↓ 
 

Hyoid 
elevation 

From rest position to maximal elevation ↓ 

Logemann et 
al., 2002  

VFS Anterior hyoid 
movement 

Maximal extent of structural movement, 
not further defined 

- 
 

Vertical hyoid 
movement 

Maximal extent of structural movement, 
not further defined 

- 

Leonard et 
al., 2004b  

VFS Hyoid 
displacement 
(Hmax) 

Hyoid position was determined at baseline 
and again at point of its greatest excursion 
from baseline during swallow 

- 

Y. Kim & 
McCullough, 
2008 

VFS Anterior 
displacement 

Distance between resting position of 
hyoid and maximum displacement of 
hyoid bone during swallow 

↓ 
 

Vertical 
displacement 

Distance between resting position of 
hyoid and maximum displacement of 
hyoid bone during swallow 

⇣ 

Jardine et 
al., 2018a 

VFS Hmax Change in hyoid position from rest to 
maximum anterior-posterior displacement 

- 

Timing 
Study Assessment Measure Definition Old age 

Rademaker 
et al., 1998 

VFS Duration of 
hyoid 
movement 

Time between start of movement and 
return to rest of hyoid bone 

-a 
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Study Assessment Measure Definition Old age	
McCullough 
et al., 2007  

VFS Duration of 
hyoid 
maximum 
elevation 

From hyoid first maximum elevation to 
hyoid last maximum elevation 

⇡ 

Duration of 
hyoid 
maximum 
anterior 
excursion  

From first frame showing maximum 
anterior hyoid movement to last frame 
showing maximum anterior hyoid 
movement 

↑ 

Jardine et 
al., 2018a 

VFS Hdur Duration of maximum hyoid displacement - 

Note. ↑ = statistically significant increase observed in older adults. ↓ = statistically significant decrease 

observed in older adults. - = no significant age-related change. ⇡ = increase reported for older adults 

that was not statistically significant. ⇣ = decrease reported for older adults that was not statistically 

significant. 

a 60–79-year-olds demonstrated longer duration of hyoid movement, while 80–89-year-olds 

demonstrated shorter duration of hyoid movement. 

4.2.4 Airway Closure 

Hyolaryngeal movement and airway closure timing using VFS featured in eight studies 

(Table 8). 

Table 8 

Airway Measures 

Hyolaryngeal movement 
Study Assessment Measure Definition Old age 

Kern et al., 
1999 

LRM 
VFS 

Laryngeal 
anterior 
excursion 

Maximum anterior excursion of larynx 
from resting position 

↓ 
 

Laryngeal 
superior 
excursion 

Maximum superior excursion of larynx 
from resting position 

- 

Logemann et 
al., 2000 

VFS Anterior 
laryngeal 
movement 

Laryngeal position was measured at rest 
in relation to anterior inferior corner of 
second cervical vertebra 

- 

Laryngeal 
elevation 

Maximal extent of structural movement, 
not further defined 

↓ 

Logemann et 
al., 2002 
 

VFS 
 
 

Anterior 
laryngeal 
movement 

Laryngeal position was measured at rest 
in relation to anterior-inferior corner of 
fourth cervical vertebra. 

⇡	
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Study Assessment Measure Definition Old age	
Logemann et 
al., 2002  

VFS 
  

Vertical 
laryngeal 
movement 

Maximal extent of structural movement, 
not further defined 

⇡ 

Leonard et 
al., 2004b 

VFS HLmax Point of maximum approximation of 
hyoid and larynx during swallow 

-a 

Jardine et al., 
2018a 

VFS HLmax Difference in distance between hyoid and 
larynx at rest and when maximally 
approximated during swallow 

↓ 
 

Timing 
Study Assessment Measure Definition Old age 

Rademaker 
et al., 1998 

VFS Duration of 
laryngeal 
closure 

Length of time that laryngeal entrance 
between arytenoid and base of epiglottis 
was closed in lateral plane during swallow 

↑ 

Duration of 
laryngeal 
elevation 

Time between the beginning of laryngeal 
elevation and laryngeal return to rest 

↑ 

Logemann et 
al., 2000 

VFS Laryngeal 
closure 

Not further defined - 

Logemann et 
al., 2002 

VFS Laryngeal 
closure 

Not further defined ⇡ 

Ayala & 
Logemann, 
2010 

VFS Duration of 
laryngeal 
closure 

Time laryngeal entrance (between 
arytenoid and base of epiglottis) is closed 
during swallow 

↑ 

Duration of 
laryngeal 
elevation 

Not further defined ⇡ 

Kurosu & 
Logemann, 
2010 

VFS Duration of 
laryngeal 
closure 

Time laryngeal entrance between the 
arytenoids and base of epiglottis is closed 

- 

Jardine et al., 
2018a 

VFS Airwaycl 
 

Onset and completion of supraglottic 
closure 

- 
 

Airwaydur Duration of airway closure - 

Note. ↑ = statistically significant increase observed in older adults. ↓ = statistically significant decrease 

observed in older adults. - = no significant age-related change. ⇡ = increase reported for older adults 

that was not statistically significant. 

a Significant increase only for older females with cricopharyngeal bars. 

4.2.5 Pharyngeal Constriction 

Six studies reported age-related changes in PCR, a validated fluoroscopic surrogate for 

manometric pharyngeal pressure (Leonard et al., 2006), and manometric pharyngeal timing 

and pressure measures (Table 9). 
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Table 9 

Pharyngeal Constriction, Timing and Pressure Measures 

Constriction 
Study Assessment Measure Definition Old age 

Leonard et 
al., 2004b 

VFS Unobliterated 
pharyngeal 
space 

Portion of pharynx remaining 
unobliterated at point of maximum 
pharyngeal clearing during swallow 

↑ 

Jardine et al., 
2018a  

VFS PCR Pharyngeal area of maximum constriction 
or open pharyngeal area 

- 

Timing 
Study Assessment Measure Definition Old age 

Yokoyama et 
al., 2000  

LRM 
VFS 

Oropharyngeal 
pressure 
duration 

Duration of oropharyngeal positive 
pressure 

↑ 

Hypopharynge
al pressure 
duration 

Duration of hypopharyngeal positive 
pressure 

↑ 

Van 
Herwaarden 
et al., 2003  

LRM Duration of 
pharyngeal 
contraction 

Time between onset and end of 
pharyngeal contraction 

↑ 

Omari et al., 
2014  

HRIM TZn to Peak P Latency from tongue base bolus 
propulsion to pharyngeal stripping wave 
peak: interval from nadir impedance to 
peak pressure 

- 

Cock et al., 
2016b  

HRIM TNIPP Distension-contraction latency, defined in 
Cock (2016a): time of nadir impedance to 
peak pressure 

- 

Pressure 
Study Assessment Measure Definition Old age 

E. Dejaeger 
et al., 1994 

LRM 
VFS 

Amplitude of 
Pharyngeal 
Contraction 

Height of pharyngeal contraction peak, 
not further defined 

- 

E. Dejaeger 
et al., 1997 

LRM 
VFS 

Amplitude of 
Pharyngeal 
Contraction 

Peak amplitude of pharyngeal contraction, 
not further defined 

↑ 

Yokoyama et 
al., 2000  

LRM 
VFS 

Oropharyngeal 
Pmax 

Maximum value of oropharyngeal 
pressure 
 

⇡ 

Hypopharynge
al Pmax 

Maximum value of hypopharyngeal 
pressure 

⇡ 

Van 
Herwaarden 
et al., 2003  

LRM Amplitude of 
pharyngeal 
contraction 

Highest pressure of contraction with the 
pharyngeal baseline as reference 

↑ 

Omari et al., 
2014 

HRIM PeakP Peak pressure of pharyngeal stripping 
wave: pharyngeal contractile vigour 

- 

Cock et al., 
2016b 

HRIM PeakP Pharyngeal peak pressure ⇡ 
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Note. ↑ = statistically significant increase observed in older adults. - = no significant age-related 

change. ⇡ = increase reported for older adults that was not statistically significant. 

4.2.6 Upper Oesophageal Sphincter (UES) Measures 

Seven studies reported UES opening using VFS (including one study with concurrent 

LRM) and HRIM. Eleven studies measured duration of UES opening using VFS (including 

two studies with concurrent LRM) and LRM. UES pressure measures were calculated from 

HRIM and LRM in five studies (Table 10). 

Table 10 

UES Opening, Timing and Pressure Measures 

UES opening 
Study Assessment Measure Definition Old age 

Kern et al., 
1999  

LRM 
VFS 

Anteroposterior 
UES diameter 

Maximum anteroposterior diameter of 
the narrowest area of UES opening 

↓ 

Lateral UES 
diameter 

Maximum lateral diameter of the 
narrowest area of UES opening 

- 

Logemann et 
al., 2000 

VFS Width of 
cricopharyngeal 
opening 

Maximal extent of structural movement ↓ 
 

Logemann et 
al., 2002 

VFS Anterior-
posterior 
cricopharyngeal 
opening 

Maximal extent of structural movement: 
anterior-posterior diameter of 
cricopharyngeal opening 

- 

Leonard et 
al., 2004b 

VFS Maximum UES 
opening: 
UESmax-lat 

Narrowest point between cervical 
vertebrae 3 and 6, measured at its point 
of maximum distension during swallow 

-a 

UESmax-a/p Above measure is repeated in anterior-
posterior view 

-b 

Omari et al., 
2014 

HRIM UES Zn UES nadir impedance: centre of 
swallowed bolus (UES opening diameter 
during bolus flow) 

↑c 

Cock et al., 
2016b 

HRIM UES Max Adm UES maximum admittance (UES nadir 
impedance) at maximal UES diameter 

↓ 
 

Jardine et al., 
2018a 

VFS PESmax Maximum distension of PES - 

Timing 
Study Assessment Measure Definition Old age 
Rademaker 
et al., 1998 

VFS Duration of 
cricopharyngeal 
opening 

Length of time that cricopharyngeal 
region was open during each swallow 
 

↑ 

Kern et al., 
1999 

LRM 
VFS 

Total duration 
of UES opening 

From entry of bolus to return to resting 
closed state following passage of bolus 
tail 

↑ 
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Study Assessment Measure Definition Old age 
Logemann et 
al., 2000 

VFS Cricopharyngeal 
opening 

Maximal extent of structural movement, 
not further defined 

- 

Yokoyama et 
al., 2000 

LRM 
VFS 

UES relaxation 
duration 
 

Duration from Pmin (pressure becomes 
minimal) to moment at which UES 
pressure begins to rise with 
recontraction of UES 

- 

Logemann et 
al., 2002 

VFS Cricopharyngeal 
opening 

Not further defined ↑ 

Van 
Herwaarden 
et al., 2003 

LRM Duration of 
UES relaxation 

Time difference between onset and end 
of UES relaxation 

↓ 

Leonard et 
al., 2004b 

VFS UESopen Total duration of UES opening during 
swallow 

↑ 

McCullough 
et al., 2007 

VFS Duration of 
opening of UES  

From UES opening to its closing ↑ 

Ayala & 
Logemann, 
2010 

VFS Duration of 
cricopharyngeal 
opening 

Time cricopharyngeal region is open 
during the swallow, from onset of 
opening to when tail of bolus leaves 
cricopharyngeal region 

↑d 

Kurosu & 
Logemann, 
2010 

VFS Duration of 
cricopharyngeal 
opening 

Time the cricopharyngeal region is open 
during swallow 

↑ 

Jardine et al., 
2018a 

VFS PESop PES opening duration - 

Pressure above UES 
Study Assessment Measure Definition Old age 

Kern et al., 
1999 

LRM 
VFS 

Hypopharyngeal 
intrabolus 
pressure 

Maximum UES opening at site 
immediately proximal to the UES, seen 
in anteroposterior projection 

↑ 

Omari et al., 
2014 

HRIM Pharyngeal PZn Hypopharyngeal intrabolus pressure: 
pressure at the time of nadir impedance 

- 

Cock et al., 
2016b 

HRIM PNadImp Hypopharyngeal intrabolus pressure ↑ 

Pressure at UES 
Study Assessment Measure Definition Old age 

Van 
Herwaarden 
et al., 2003 

LRM Resting UES 
pressure 

Measured by using the oesophageal 
baseline pressure as reference 

↓ 

Omari et al., 
2014 

HRIM UES PZn UES intrabolus pressure - 

Relaxation pressure 
Study Assessment Measure Definition Old age 

Yokoyama et 
al., 2000 

LRM 
VFS 

UES Pmin Minimum value of UES pressure ↑ 

Cock et al., 
2016b 

HRIM IRP0.2 UES-integrated relaxation pressure: 
median of the lowest pressures recorded 
over 0.2 cumulative seconds 

↑ 
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Note. ↑ = statistically significant increase observed in older adults. ↓ = statistically significant decrease 

observed in older adults. - = no significant age-related change.  

a Significant decrease for older adults with cricopharyngeal bars. b Significant decrease for older males 

with cricopharyngeal bars. c Higher UES Zn indicates narrower UES opening. d Effects of use: 

cricopharyngeal duration was longer for old vs. very old in final swallow set. 

4.2.7 Oesophageal Measures 

Four studies investigating age-related changes in the oesophagus were included in this 

systematic review using a range of oesophageal measures, protocols, and analysis approaches 

(Table 11). 

Table 11 

Oesophageal Pressure Measures 

Pressure-flow analysis 
Study Assessment Measure Definition Old age 

Cock et al., 
2016a 

HRIM PeakP Peak pressure, not further defined - 

T. Khan et 
al., 1997 

LRM Amplitude of 
oesophageal 
contraction 

Not further defined ↓a 
 

Nishimura et 
al., 1996  

LRM Amplitude of 
peristaltic 
contraction 

Measured at 5 cm and 10 cm above LES ↓ 
 

Cock et al., 
2016a 

HRIM PNadImp Pressure at nadir impedance ↑ 

Cock et al., 
2016a 

HRIM IBP Intrabolus pressure ↑ 

Cock et al., 
2016a 

HRIM IBP slope Intra-bolus pressure slope (reflecting the 
rate at which pressure increases) 

↑ 

Cock et al., 
2016a 

HRIM TNIPP Time of nadir impedance to peak 
pressure: latency from bolus distension 
to oesophageal contraction 

⇡ 

Nishimura et 
al., 1996 

LRM Duration of 
peristaltic 
contraction 

Time difference between the onset and 
offset of each contraction wave 

- 

T. Khan et 
al., 1977 

LRM Duration of 
contraction and 
relaxation 
phases 

Not further defined - 

T. Khan et 
al., 1977 

LRM Resting 
oesophageal 
pressure 

Not further defined -b 
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Study Assessment Measure Definition Old age 
Cock et al., 
2016a 

HRIM PFI Pressure-flow index - 

Cock et al., 
2016a 

HRIM IR Impedance ratio: ratio of nadir 
impedance to impedance at the time of 
peak pressure 

↑ 

Chicago variables 
Study Assessment Measure Definition Old age 

Cock et al., 
2016a 

HRIM IRP4 4-second integrated relaxation pressure ↑ 

Cock et al., 
2016a 

HRIM ICD Isocontour defect or peristaltic break 
length: axial length of defects in the  
20 mmHg isobaric contour 

↑ 

Cock et al., 
2016a 

HRIM CFV Contractile front velocity: slope of the 
tangent approximating the 30 mmHg 
isocontour between the proximal 
transition zone and contractile 
deceleration point 

↑ 

Cock et al., 
2016a 

HRIM DCI Distal contractile integral: distal 
oesophageal segment as amplitude x 
duration x length of the contraction in 
excess of 20 mmHg 

- 

Cock et al., 
2016a 

HRIM DL Distal latency: time from swallow onset 
(either through UES relaxation or the 
onset of impedance drop at the most 
proximal channel) to the contractile 
deceleration point 

- 

LES 
Study Assessment Measure Definition Old age 

Nishimura et 
al., 1996 

LRM Resting LES 
pressure 

Not further defined - 

Nadir LES 
pressure on 
relaxation 

Mean of LES pressure at relaxation in 10 
wet swallows 

- 

T. Khan et 
al., 1977 

LRM Amplitude of 
LES contraction 

Amplitude of LES contraction in 
response to deglutition 

↓ 

LES relaxation Amplitude of LES relaxation in response 
to deglutition 

- 

Oesophagogastric junction metrics 
Study Assessment Measure Definition Old age 

Cock, 
Besanko, et 
al., 2017 

HRIM IRP4 Oesophagogastric junction relaxation 
pressure: integrated relaxation pressure 
in four seconds 

↑ 

Cock, 
Besanko, et 
al., 2017 

HRIM GasP Not further defined ↑ 

Cock, 
Besanko, et 
al., 2017 

HRIM BFT Bolus flow time ↓ 
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Study Assessment Measure Definition Old age 
Cock, 
Besanko, et 
al., 2017 

HRIM BPT Bolus presence time: bolus presence in 
the distal oesophagus 

↓ 

Note. ↑ = statistically significant increase observed in older adults. ↓ = statistically significant decrease 

observed in older adults. - = no significant age-related change. 

a Significantly reduced in lower and upper thirds of oesophagus. b Significant increase for older 

females. 

4.2.8 Observations 

Most studies using FEES and VFS documented whether or not penetration (19/36) and 

aspiration (25/36) were observed. Six studies did not detect any penetration and 14 did not 

observe aspiration. Just under half of studies commented on pharyngeal residue (17/36), with 

no findings of residue reported in four. Few studies documented age-related effects: 

penetration (3/19), aspiration (4/25), and pharyngeal residue (5/17) (Tables 12–13). 

Table 12 

Description of Penetration and Aspiration Events Detected in Studies 

Study Assessment Penetration Old age Aspiration Old age 
E. Dejaeger 
et al., 1994  

LRM 
VFS 

Unknown / Younger: not detected 
Older: 1/16 participants 

* 

Martin-
Harris, 
Brodsky, et 
al., 2005 

VFS Most participants in 
this study did not 
demonstrate laryngeal 
penetration 

* Most participants in this 
study did not 
demonstrate aspiration 

* 

Martin-
Harris, 
Michel, et 
al., 2005 

VFS Unknown / Not detected - 

Yoshikawa 
et al., 2005  

VFS Younger: 0/14 
Older: 6/19 

↑ Not detected - 

Daggett et 
al., 2006 

VFS All PAS 2.  
By swallow:  
< 50 years: 4.8% 
≥ 50 years: 13.2% 
(60–69 years: 10.7% 
70–79 years: 14.4% 
80–89 years: 15.6% 
≥ 90 years: 11.3%) 

* Not detected - 
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Study Assessment Penetration Old age Aspiration Old age 
Martin-
Harris et al., 
2007 

VFS PAS 2 for 2/43 
delayed in trial 1 and 
6/51 delayed in trial 2. 
PAS 3 for 1/43 in trial 
1 and 1/51 in trial 2. 

* PAS 6 for 1/43 delayed 
in trial 1. 

* 

McCullough 
et al., 2007 

VFS Single bolus,  
21–39 years: at least 
one PAS 2 for 5/20 
participants, PAS 3 for 
1/20; ≥ 80 years: at 
least one PAS 2 for 
12/20. 
3oz test 
21-39 years: PAS ≥ 2 
for 9/20. ≥ 60 years: 
PAS 2-3 for 23/40 

↑ Single bolus 
21–39 years: > PAS 3 for 
0/20; ≥ 80 years: ≥ PAS 
3 for 7/12 participants, 
maximum PAS 7 
 

↑ 

Kelly et al., 
2008 

FEES 32/2448 (1.3%) by 21 
young and 11 elderly, 
all coating or mild 
residue 

* Not detected - 

Butler et al., 
2009 

FEES 
LRM 

82/545 swallows 
(15%) 

* 18/545 swallows (3%) * 

Ayala & 
Logemann, 
2010 

VFS Young: 7.9% 
Old: 19.1% 
Very old: 17.5% 

* Young: 1 participant 
Old: 0 
Very old: 3 (5 swallows) 

↑ 

Butler et al., 
2010 

FEES 462/2432 swallows 
(19%) 

* 83/2432 swallows (3%) 
51/83 swallows silent 
aspiration 

* 

Kurosu & 
Logemann, 
2010 

VFS Younger: 0 
participants 
Middle-aged: 1  
Older: 3 

* Not detected - 

Butler, 
Maslan, et 
al., 2011 

FEES Unknown / Aspiration detected in the 
following number of 
participants 
61–70 years: 4/18  
71–80 years: 8/26  
81–90 years: 11/32  

↑ 

Butler, 
Stuart, et 
al., 2011 

FEES 
LRM 

Unknown / 22/748 swallows by 7 
participants 
19/22 silent aspiration 

* 

Butler et al., 
2018 

FEES 601/6404 swallows 
(9.4%) 
71–80 years and  
81–90 years had  
5-fold increased odds 
vs. 51–60 years  

↑ 104/6404 swallows 
(1.6%).  
27/36 participants: silent 
aspiration  
81–90 years had  
13.6-fold increased odds 
vs. 21–30 years.  

↑ 
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Study Assessment Penetration Old age Aspiration Old age 
Jardine et 
al., 2018a 
 

VFS Younger: not detected 
Older: 3 (5.4%) 
participants 

* Not detected - 

Molfenter et 
al., 2019 

VFS Eight scores of PAS 3 
8/372 swallows 
(2.2%) 

* One score of PAS 5 
1/372 swallows 

* 

Note. / = unknown. - = not detected. * = detected but no particular age-related change. ↑ = detected and 

suggested increase with older age. 

Table 13 

Description of Pharyngeal Residue Detected in Studies 

Study Assessment Pharyngeal residue Old age 
E. Dejaeger 
et al., 1994 

LRM 
VFS 

Younger: not detected 
Older: vallecular 11/16 participants, pyriform 10/16 

↑ 

E. Dejaeger 
et al., 1997 

LRM 
VFS 

Younger: not detected 
Older: diffuse pharyngeal residue in 24/75 swallows, 
vallecular 15/75, pyriform 13/75 

↑ 

Rademaker 
et al., 1998 

VFS Oral, 20–39 years: 10.1% swallows 
80–89 years: 29.2% 

↑ 

Pharyngeal, 20–39 years: 18.0%  
80–89 years: 38.0% 

↑ 

Logemann et 
al., 2000 

VFS None or mild for all ages 
Younger: usually no residue  
Older: mild residue was noted more often 

* 

Logemann et 
al., 2002 

VFS None or mild for all ages * 

Y. Kim et 
al., 2005 

VFS No residue other than trace coating * 

Yoshikawa 
et al., 2005 

VFS Oral, Younger: 4/14 
Older: 13/19  

↑ 
 

Pharyngeal, Younger: 0/14 
Older: 8/19  

↑ 

McCullough 
et al., 2007 

VFS Residue was significantly affected by age, rated 0 (none) for 
twice as many younger adults as older adults. Residue 
ratings of 1 (trace residue) were more likely than 0. 

↑ 

Kelly et al., 
2008 

FEES Ratings were 0.1 higher in younger participants (coating, 
mild, moderate) 

* 

Ayala & 
Logemann, 
2010 

VFS Similar and stable across age groups, minimal or trace 
amounts (0–3%): within normal limits 

* 

Veiga et al., 
2014 

FEES Residue in valleculae and pyriform detected, unknown age 
correlation 

* 

Jardine et 
al., 2018a 

VFS Trace residue quantified, no age-related differences * 



Part Two: Reviews 
 

65 

Study Assessment Pharyngeal residue Old age 
Molfenter et 
al., 2019 

VFS Vallecular and pyriform residue quantified * 

Note. * = detected but no particular age-related change. ↑ = detected and suggested increase with older 

age. 

4.2.9 Risk of Bias and Quality Assessment Across Studies 

Sample sizes varied greatly across studies from 16 (Logemann et al., 2000, 2002) to 

203 (Butler et al., 2018). No studies demonstrated high risk of bias and risk of reporting bias 

was rated low across all studies (Table 14). Using the GRADE approach, observational studies 

are first rated low quality. No studies were downgraded as ratings of unclear risk of bias were 

unlikely to seriously alter studies’ results. Methods for instrumental assessments and 

definitions for swallowing measures were detailed in all studies. Most studies (38/44) provided 

references for study protocols or data analyses. There was limited scope for meta-analysis due 

to the variety of swallowing measures and definitions across studies. 

Table 14 

Risk of Bias Assessment, Adapted from the Cochrane Collaboration’s Tool for Assessing Risk 

of Bias 

Study 
 

Detection Attrition Other Sources of Bias 
Reliability Bolus Instruction 

T. Khan et 
al., 1977 

- - - One bolus size - 

E. Dejaeger 
et al., 1994 

- - - One bolus size - 

Nishimura et 
al., 1996 

Low - - One bolus size - 

E. Dejaeger 
et al., 1997 

- - ✓ One bolus size Cued 

Rademaker 
et al., 1998 

- - ✓ Standard order  - 

Kern et al., 
1999 

Low - ✓ - - 

Logemann et 
al., 2000 

- - ✓ - - 

Yokoyama et 
al., 2000 

- - - One bolus size - 

Logemann et 
al., 2002 

- - ✓ - - 
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Study 
 

Detection Attrition Other Sources of Bias 
Reliability Bolus Instruction 

Van 
Herwaarden 
et al., 2003 

- Low - - - 

Kendall et 
al., 2004a 

Low - - - - 

Kendall et 
al., 2004b 

Low - ✓ Standard order Cued 

Leonard et 
al., 2004b 

- - ✓ Standard order - 

Y. Kim et al., 
2005 

- - ✓ - - 

Martin-
Harris, 
Brodsky, et 
al., 2005 

- Low - One bolus size Uncued 

Martin-
Harris, 
Michel, et 
al., 2005 

- Low - One bolus size Uncued 

Yoshikawa et 
al., 2005 

- - Observations 
discussed 

One bolus size Cued 

Daggett et 
al., 2006 

- - ✓ - - 

Dozier et al., 
2006 

- - - One bolus size Uncued 

Leonard & 
McKenzie, 
2006 

- - - Standard order Cued 

Martin-
Harris et al., 
2007 

- Low Two 
observers for 
agreement 

One bolus size Uncued 

McCullough 
et al., 2007 

- Low ✓ Standard order  - 

Mendell & 
Logemann, 
2007 

Low - ✓ Standard order  Cued 

Kelly et al., 
2008 

Low Low Scored by 
consensus 

Standard order  - 

Y. Kim & 
McCullough, 
2008 

- - ✓ - - 

Butler et al., 
2009 

- Low - Randomised Uncued 

Ayala & 
Logemann, 
2010 

Low Low ✓ Randomised Cued 
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Study 
 

Detection Attrition Other Sources of Bias 
Reliability Bolus Instruction 

Butler et al., 
2010 

- - - Randomised Uncued 

Kurosu & 
Logemann, 
2010 

- Low ✓ - Cued 

Butler, 
Maslan, et 
al., 2011 

Low Low ✓ Randomised Uncued 

Butler, 
Stuart, et al., 
2011 

- Low - Randomised Uncued 

Brodsky et 
al., 2012 

- Low - One bolus size Uncued 

Im et al., 
2012 

- - ✓ - Cued 

Omari et al., 
2014 

- Low - Standard order  Cued 

Veiga et al., 
2014 

- Low - Randomised Uncued 

Kagaya et 
al., 2015 

- - ✓ - Cued 

Cock et al., 
2016a 

- - - - Cued 

Cock et al., 
2016b 

- - - - Cued 

Miles, Clark, 
et al., 2016 

- - ✓ Standard order Cued 

Cock, 
Besanko, et 
al., 2017 

- - - - Cued 

Butler et al., 
2018 

- Low - Randomised Uncued 

Herzberg et 
al., 2018 

- Low ✓ Standard order - 

Jardine et al., 
2018a 

- Low - Standard order  - 

Molfenter et 
al., 2019 

Low - ✓ Standard order Uncued 

Note. - = unclear risk of bias. ✓ = tested. 

Calculation of proportion of over 85-year-olds studied was precluded in 73% (32/44) 

of studies: unknown mean age in the oldest group (17/44), mean age in the 70s (13/44), and 

unknown age range (4/44) (two of these limitations were in two studies). For studies published 

prior to 2010, 24/26 demonstrated limitations regarding the representation of the oldest old 
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compared to 8/18 of studies published from 2010 to 2018. Figure 20 presents the trend 

towards increased age of participants in more recent years (r = 0.2). Most studies (19/44) 

divided their cohort into younger and older age groups. Number of age groups across studies 

included three (8/44), four (8/44), five (1/44), seven (1/44), and eight (1/44) while six studies 

investigated swallowing changes with age as a continuum (Appendix B). 

Methods to confirm participants were healthy were reported in just over half of studies 

(23/44): questionnaires (21/44), interviews (10/44), head and neck or cranial nerve 

examinations (7/44), and a swallowing test (1/44). The other studies (21/44) reported 

statements such as no relevant medical history, self-reported as healthy, or without any 

swallowing difficulties (Appendix B). 

Figure 20 

Distribution of Maximum Ages across Included Studies and Year of Publication

 

4.3. Discussion 

This systematic review was conducted to acknowledge the globally ageing population 

and subsequent need to understand healthy swallowing changes in the oldest old (> 85 years 

old). Even with the exclusion of 64% of accessed studies because the oldest old were not 
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recruited, there was still a large body of literature using a variety of instrumental assessments 

that investigated age-related swallowing changes into the 8th decade and beyond. Three 

quarters of the 44 included studies focussed primarily on pharyngeal measures, while five 

studies solely focussed on oesophageal, and six on observations of penetration, aspiration, or 

pharyngeal residue. While age-related swallowing changes were reported across all measures, 

more consistent changes with older age were increased delay of swallow onset, bolus transit 

times, duration of UES opening, pressure above the UES, and UES relaxation pressure, as well 

as reduced pressure at the UES. Hyoid and laryngeal timing and displacement measures were 

inconclusive. Few studies detected airway compromise in the form of increased aspiration or 

residue in healthy older adults. 

4.3.1 Effects of Age on Swallowing 

The impact of neurological, anatomical, and physiological age-related changes on 

swallowing function in older adults has been described. Studies using fMRI during swallowing 

tasks have observed the activation of more cortical (Humbert et al., 2009) and subcortical 

regions (Moon et al., 2016) in older adults, as well as limited activation of sensory processing 

and sensorimotor integration with age (Malandraki et al., 2011). Age-related loss of muscle 

mass and function, termed sarcopenia, is prevalent in adults 85 years and older (R. Dodds et 

al., 2016) and has been positively associated with swallowing difficulties (Zhao et al., 2018). 

In healthy older adults, decreased pharyngeal wall thickness and increased pharyngeal lumen 

volume was measured on MRI (Molfenter et al., 2015). Even though participants from all 

included studies were considered healthy, it is unknown how many presented with risk factors 

for sarcopenia. This is a developing research area and important consideration for future 

studies that include the oldest old. Other anatomical changes observed with age include spinal 

changes, such as osteophytes and non-obstructive cricopharyngeal bars (Yin et al., 2018). 

There has been no reported effect of cricopharyngeal bars on hypopharyngeal transit times, 

UES opening duration (Leonard et al., 2004b), maximum admittance, or 0.2 second integrated 

relaxation pressure (Cock et al., 2016b). 
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4.3.2 Quality 

Sample sizes across studies were variable and often lacked power calculations to 

reassure against Type II errors. Each study presented with at least one source of unclear risk of 

bias. When analysing age effects, it is essential that raters are blinded to participant age, yet 

only 20% of studies detailed blinding methods in reports. Instrumental assessments risk human 

error, such as poor image quality or missed recording. Yet, it is surprising that only 39% of 

studies detailed missing data. Less than half (45%) of studies provided details of reliability 

testing. While standard protocols were often used and reported, cross-study comparisons were 

not easy due to differences in age ranges, methods for deeming participants healthy, measures 

and definitions of swallowing physiology, swallowing tasks, and sample sizes. A meta-

analysis was therefore not advisable.  

Methods for deeming participants healthy differed greatly across studies. Using 

standardised questionnaires or specifying the methods in which medical history is reviewed 

are essential to increase the reliability and applicability of results and to avoid bias. Medicine 

use increases with older age (Sergi et al., 2011) and medicines are known to impact 

swallowing function (Gallagher & Naidoo, 2009). Therefore, when screening for healthy older 

adults, it is also important to consider all prescription medications and this was not 

consistently reported across studies. 

4.3.3 Oldest Old 

The definition of old age differs worldwide and is dependent on economic, social, and 

political factors (Ward et al., 2011). Studies included in this systematic review were all 

conducted in developed countries experiencing rapid growth in the oldest old: Australia, 

Belgium, Brazil, Canada, England, Japan, Korea, New Zealand, The Netherlands, and the 

USA. Our findings may be limited to countries with similar life expectancy rates. Although all 

studies recruited participants over 85 years old, in some studies the proportion of oldest old 

was unclear and age distribution was poor. Some studies reported age range without mean age 

or omitted the age range. This systematic review positively demonstrates an increase in 
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maximum age in research over time, suggesting that researchers are responding to the ageing 

population and the need to recruit adults over 85 years old. Future research should continue to 

strive for not only a maximum age in the 90s or 100s but also equal proportions of adults over 

85 years old to truly represent ageing trends of world societies. 

4.3.4 Measuring Swallowing Physiology 

From the 1990s through to 2018, VFS was performed in the majority of studies 

(30/44), demonstrating its ongoing relevance as well as reliability thanks to quantitative 

analysis (Kendall et al., 2016). While concurrent VFS and manometry (manofluorography) 

offers further information (visual physiology and pressure topography), these only featured in 

earlier studies in this review (1994, 1997, 1999, and 2000). HRIM is a novel assessment, with 

four studies included in this review since 2014. Swallowing tasks (instruction, volume, and 

viscosity of oral trials) differed across studies. Fewer swallow tasks were performed during 

VFS compared with FEES, particularly in earlier studies. Less than half of studies (19/44) 

specified whether swallow tasks were cued or non-cued despite our understanding of 

differences in bolus position during cued swallows (Nagy et al., 2013) and impact on analysis 

and comparison of bolus timing results.  

The diverse number of terms and definitions for swallowing measures complicates 

comparisons across studies (Tables 5–13), as discussed in previous systematic reviews (Cock 

& Omari, 2018; Namasivayam-MacDonald et al., 2018; Winiker et al., 2019). Standardised 

procedures and swallowing tasks are needed in future studies to ensure results are comparable, 

particularly for populations that are difficult to recruit, such as the oldest old. 

4.3.5 Limitations 

Our search was limited to original articles, published in English and performed by one 

author. However, all data were assessed by a second author. Age filters were applied instead 

of an additional age-related search term, which may have affected results. No software was 

used to compile this systematic review; data collection process, data extraction, and bias and 

quality assessment were performed by hand. Measures reported in tables were selected by the 
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authors in order to present the most similarly reported results across studies. However, a 

number of single measures from included studies remain unreported. 

4.4. Conclusions 

This systematic review identified subtle age-related swallowing changes: increased 

delay in the timing of bolus entry into the pharynx in relation to swallow onset; bolus transit 

times; duration of UES opening; pressure above the UES; UES relaxation pressure; and 

reduced pressure at the UES. There is insufficient evidence that these changes worsen for the 

healthy oldest old. There is a large body of literature reporting age-related swallowing 

changes, attributed to neurological, anatomical, and physiological factors. However, 

swallowing efficiency prevails with age. This review suggests that markers of risk, such as 

aspiration and pharyngeal residue may occasionally occur but are not synonymous with 

ageing. Substantial deviations from published normative swallowing measures in older adults 

should not be regarded as a consequence of typical ageing. When considering specific changes 

for the oldest old in deglutition research, results are limited by the extent to which adults over 

85 years old are represented, as well as study design and bias. Given the globally ageing 

population, we need to further develop our knowledge of swallowing in the oldest old. It is 

essential that future studies plan to recruit healthy adults and adults with dysphagia, who are 

over 85 years old. 
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Chapter 5. Deglutition in Advanced Age: Advancements and 

Challenges 

Since the formative years of deglutology, research on the effects of age on swallowing 

has greatly developed. This is attributed to advancements in technology, improvements in 

methodologies, and ageing populations. As highlighted in Chapter Three, presbyphagia is a 

term for age-related swallowing changes that has become prominent in the recent literature. 

However, interpretations of its definition are conflicting, perhaps due to the variable effects of 

age on swallowing physiology reported across studies. Findings are likely limited by the age 

of participants, different methods of deeming participants healthy, variable measures for 

defining swallowing physiology, and range of swallowing tasks, as reported in Chapter Four. 

It is important to consider the broader context of swallowing changes in healthy ageing. Some 

results may fall under the umbrella of presbyphagia, while others may be statistically 

significant but not particularly meaningful. Overreporting the effects of age risks blurring the 

boundaries between presbyphagia and dysphagia. The current chapter discusses advancements 

and challenges in deglutition research that have influenced our understanding of swallowing 

function in advanced age. 

5.1. Advances in Deglutition Research 

5.1.1 Technological Advancements 

One of the earliest reviews of swallowing changes in healthy ageing acknowledged 

that studies were limited by poor access to the oral cavity (Sonies et al., 1984). Instrumental 

assessment is essential for visualising anatomical, physiological, or obstructive causes of 

swallowing problems. Furthermore, the perceived region of swallowing dysfunction (e.g., 

pharynx) may not reliably determine the actual location that is affected (e.g., oesophagus) 

(Ashraf et al., 2017). In a local study, just over two thirds of patients referred for a swallowing 

assessment had abnormal oesophageal transit times; one third of patients had oesophageal 

abnormalities alone (Miles et al., 2015).  
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Even though x-rays were available prior to the early 1980s, they were considered 

“dangerous” and required participants to be “placed in unnatural positions while ingesting 

radiopaque material” (Sonies et al., 1984, p. 119). Today, the modified barium swallow or 

VFS is regarded as the “gold standard” for assessing swallowing physiology, symmetry and 

PES opening, as well as for detecting episodes of airway invasion (Rosenbek et al., 1996). In 

Chapter Four, our systematic review found VFS was the most common instrumental 

assessment used in studies (30/44). VFS was combined with LRM (manofluorography) in four 

papers (E. Dejaeger et al., 1994, 1997; Kern et al., 1999; Yokoyama et al., 2000), enabling 

concurrent assessments that visualised the swallow while providing information of pressure. 

This additional information addressed the limitation of VFS as a two-dimensional image. 

While this is considered an optimal approach, it is expensive and typically limited to the 

research field. It is interesting no recent study utilised manofluorography, although LRM 

performed with FEES featured in 2009 and 2011 by the same swallowing laboratory (Butler et 

al., 2009; Butler, Stuart, et al., 2011). Manometry offers a primary example of advancing 

technology in swallow assessment. In Chapter Four, LRM was used in the earliest study (T. 

Khan et al., 1977) through to 2011 (Butler, Stuart, et al., 2011), while HRIM emerged in 2014 

(Omari et al., 2014). A recent systematic review explored the general age effects on the 

pharynx and oesophagus using manometry, acknowledging that more studies were needed of 

adults 85 years and older (Cock & Omari, 2018). Limitations of the variable terminology and 

measures used across manometry studies were recently addressed by the High-Resolution 

Pharyngeal Manometry International Working Group which published recommendations for 

protocols and metrics (Omari et al., 2020). 

5.1.2 Optimising Instrumental Assessment and Analysis 

Methods for performing instrumental assessment have greatly improved to minimise 

the duration of the performance, reduce sources of bias, and optimise analysis. A standardised 

protocol enables clinicians to follow a more objective process in order to generate results that 

are comparable across studies, using the same bolus consistencies and sizes. This approach 
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reduces the exposure of ionising radiation during VFS and shortens the duration of an invasive 

procedure, such as FEES or HRIM. Results in Chapter Four confirm that researchers are 

strong proponents of objective analysis. However, the adoption of objective measures in 

clinical practice is at the early stages in New Zealand; many clinicians are yet to depart from 

subjective interpretations during VFS.  

5.1.3 Ageing Populations 

In the foundational years (1980s–1990s) of deglutition research in healthy adults, older 

comparison groups were typically aged 60 years and older. At this time in New Zealand, the 

retirement age was 60 years old (McCulloch & Frances, 2003). Today, many 60-year-olds are 

still working in New Zealand and there is no established age of retirement (a pension can be 

received at age 65). New Zealanders are forecast to live longer and healthier lives, as members 

of the oldest old. National strategies have been developed to address the ageing population, 

with aims to promote healthy ageing, build social connectedness, create accessible 

environments, and support with money and housing matters (The Office for Seniors, 2019). 

Increased life expectancies also involve adults with health conditions living longer. The 

population of adults dependent on assistance in activities of daily life will also increase in age 

and number. Hospitals are also forecast to have an ageing patient population. A longitudinal 

study from 2007 to 2014 observed a 222% increase in dysphagia referrals for acute patients 90 

years and older (Leder et al., 2016). 

5.2. Challenges in Deglutition Research 

5.2.1 Terminology 

5.2.1.1. Presbyphagia 

The term presbyphagia is ambiguous and contradictory in the deglutition literature. An 

early study described a patient with both “presbyphagia and cricopharyngeus dysfunction” 

(Bastian, 1993, p. 364) without further explanation. A seminal paper defined presbyphagia as 

“changes in the swallow mechanism with age” (p. 391) and “subtle variation in the swallow 
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process due to ageing” (Leslie et al., 2005, p. 394)(Leslie et al., 2005). It is paradoxical to 

consider an individual with subtle age-related swallowing changes alongside dysfunction; 

presbyphagia in the former example is redundant. Interestingly, an early review of swallowing 

problems in older age reported “normal ageing changes in both the pharynx and oesophagus 

sometimes progress imperceptibly into true pathologic conditions” (Sheth & Diner, 1988, p. 

209). The authors are likely referring to a transition from presbyphagia to dysphagia, yet the 

underpinning of this deterioration continues to be debated. This transition may be analogous to 

the game Ker Plunk (Mattel). Marbles are held in place at the top of a tube by a web of sticks 

which are removed individually until the marbles fall. The tube represents the pharynx, the 

sticks are the coordinating oral and pharyngeal muscles, and the marbles serve as the bolus. 

Metaphorically for older adults, time is not responsible for extracting sticks; disease, illness, a 

medical event, comorbidities, or medication effects may remove sticks. Fewer sticks may 

cause the marbles to move but still remain within the web of sticks which aligns with 

swallowing compensatory behaviours or adaptations that may occur unconsciously. Eventually 

the removal of another stick will tip the balance of the marbles and cause them to fall which is 

equivalent to dysphagia and aspiration. A recent review suggests that presbyphagia may be 

exacerbated by weakness or acute illness (Namasivayam-MacDonald & Riquelme, 2019b). 

Although the popularity of presbyphagia has evolved, the subjectivity of the definition remains 

debated. A more recent study suggested that presbyphagia “may be silent and slowly 

progressive” (de Lima Alvarenga et al., 2018, p. 443). “Silent” may be synonymous with 

“subtle” as age-related swallowing changes are unlikely noticeable, but “slowly progressive” 

suggests that swallowing difficulties will eventuate with advancing age. A study on dysphagia 

patients reported “many generally healthy older patients complain of swallowing difficulties”, 

citing a book chapter on presbyphagia (Mackay et al., 1999, p. 445). This further demonstrates 

how the term can be misconstrued and starkly contrasts with views in Chapters Three and 

Four. Age-related swallowing changes have even been considered as to why older adults are 
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more susceptible to developing symptoms (van Herwaarden et al., 2003). However, 

presbyphagia should not be confused with dysphagia. 

5.2.1.2. “Diagnose” 

The misconception that dysphagia is associated with ageing may stem from the 

increased prevalence of swallowing difficulties for older adults. Even though there is an 

overarching cause of swallowing problems, dysphagia can still be erroneously considered 

diagnoseable (Doggett et al., 2001; Ortega et al., 2017; Rofes et al., 2011). A disease or 

condition that causes dysphagia is diagnosed, not the symptom of swallowing impairment. 

This confusion may arise from the synonyms for diagnose, such as identify or detect (Waite, 

2012). For patients who are unaware of their swallowing problems because of serious illness, 

disorientation, delirium, or cognitive impairment, the onus is on the clinician to identify the 

swallowing dysfunction. If a bedside swallowing assessment warrants instrumental 

assessment, silent aspiration and pharyngeal residue may be detected. The use of “diagnose” 

for dysphagia or “diagnostic tool” for swallowing assessment risks confusion with the medical 

term “diagnosis”. People with swallowing dysfunction who are lucid, self-perceive their 

difficulties. Therefore, clinicians and researchers should avoid using the term diagnose with 

dysphagia in order to shift the clinical mindset to a symptom that is associated with disability. 

For example, individuals may experience unintended weight loss; an inability to eat in public; 

difficulty swallowing liquids, solids, or pills; pain when swallowing; reduced enjoyment when 

eating or drinking; food sticking; coughing; and stress when swallowing (Belafsky et al., 

2008). 

5.2.2 Limitations in Normative Studies 

Limitations across normative studies may contribute to the lack of a comprehensive 

definition for presbyphagia. As reported in Chapter Four, adults over 85 years old have been 

poorly represented in studies investigating the effects of age on normal swallowing (69/107 

studies investigating age-related swallowing changes recruited participants < 85 years). 

Results to date suggest that subtle swallowing changes with age do not further deteriorate in 
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advanced age. An early study analysed swallowing in “asymptomatic elderly” to understand 

normalcy in “the very aged” (Ekberg & Feinberg, 1991, p. 1181). Accordingly, this study is 

frequently cited in support of swallowing changes in advanced age. Fifty-six participants aged 

72–93 years old reported no history of swallowing problems, yet altered swallowing function 

was observed during VFS, namely “oral sensorimotor incoordination” (p. 1184). Furthermore, 

only nine participants demonstrated “a synchronous and symmetric swallowing function 

without morphodynamic abnormalities” (Ekberg & Feinberg, 1991, p. 1182). However, almost 

half of the participants had neurological conditions, such as dementia and Parkinson’s disease 

which may be a reason why these results diverge from Chapter Four. Although these 

participants did not report swallowing problems, it is misleading to consider older adults with 

neurological conditions as representative of their age. The incidence of neurological 

conditions increases with age, but this supports why the diversity of individuals increases with 

age. Therefore, it is misleading to refer to a study as normative without supportive evidence 

that participants meet the “healthy” criteria. A study observed similar results between healthy 

older individuals and patients with cricopharyngeal bars. Since x-rays had not been performed 

on the healthy group, it could not be ruled out that some healthy individuals also presented 

with cricopharyngeal bars (Cock et al., 2016b). This supports comprehensive assessment of 

participants before recruitment in a normative study to reduce limitations in results. 

Furthermore, assessments on patient groups should be the same for healthy comparative 

groups. Instrumental assessments in normative studies have included variable measures and 

swallow tasks used across studies, as demonstrated in Chapter Four. For HRIM, these 

limitations have recently been addressed by the High-Resolution Pharyngeal Manometry 

International Working Group which have consolidated protocols and metrics by consensus 

(Omari et al., 2020). This is a positive and promising step forward for future HRIM research. 

For VFS, reviews have emerged investigating the effects of barium concentrations (Stokely et 

al., 2014) and bolus consistencies on quantitative VFS measures (Steele et al., 2019) for future 

studies and clinical application. 
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5.2.3 Risk of Ageism 

The term elderly is prominent in normative deglutition studies (Namasivayam-

MacDonald et al., 2018; Sonies et al., 1984). However, it is a generalisation for individuals 

that are ageing successfully, alongside individuals with disease and with impairment (Rowe & 

Kahn, 1987). The hallmark of old age is the diverse states of health and function; some adults 

in their 80s have similar physical and mental capacities to 20-year-olds (World Health 

Organization, 2015). Elderly cohorts are generally aged 60 or 65 years and over, but today 

many New Zealanders in their 60s are active and still working. Editorials from other 

disciplines have reprimanded its use, describing elderly as ageist, inaccurate, misleading and 

stereotypically negative (Avers et al., 2011; Coons, 2000; Putnam, 2015). Since elderly evokes 

connotations of decreasing function and independence, this may instil expectations of 

swallowing deterioration, even though the cohort is healthy. 

5.3. Gaps in Deglutition Research in Advanced Age 

It is well established that swallowing changes with age, and there is an increased 

prevalence of swallowing problems in older age. A paucity of normative studies have focussed 

on swallowing differences in advanced age using quantitative videofluoroscopic analysis. 

Furthermore, many normative studies have been limited by small sample sizes. Objective 

measures have been well utilised to understand changes in swallowing physiology with age, 

but there has been little focus on quantifying pharyngeal residue. Subjective ratings of post-

swallow residue have led to vague and mixed results; it is not clear whether residue increases 

with older age. Analysing normal swallowing function in advanced age may elucidate why 

this age group are more susceptible to developing swallowing problems during a serious 

illness. Reasons for the transition from presbyphagia to dysphagia are multifactorial and 

remain to be fully understood. An acute illness and combination of factors (functional decline, 

multimorbidity, polypharmacy, fatigue, low levels of alertness, delirium, reduced respiratory 

support, and disuse atrophy) may tip the balance of age-related adaptations and compensatory 
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behaviours, resulting in onset of swallowing impairment. However, it is unknown how 

swallowing physiology differs between healthy older adults and hospitalised older adults who 

developed new swallowing problems but were admitted for a reason unrelated to dysphagia. 

The swallowing status is also rarely questioned of these older patients before they were 

admitted to hospital. It is unknown whether they had been experiencing or noticing gradual 

swallowing changes prior to their admission. Older adults living in the community may not 

report new swallowing difficulties, especially if they are not already seeking health services, 

or believe the swallowing problems are a consequence of ageing (Bhattacharyya, 2014). A 

study has not yet been conducted on the swallowing status of a large cohort of community-

living older adults in New Zealand. This has important implications for the ageing population 

as more older adults will be living longer in the community. Therefore, results will guide the 

development of dysphagia services for the older population, such as education and screening.  
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Chapter 6. Hypotheses 

This chapter proposes and justifies the hypotheses for the cross-sectional studies in my 

thesis. Three older populations were examined: healthy older adults, hospitalised older adults, 

and community-living older adults. The overarching aim of this research was to investigate 

swallowing changes in advanced age (> 80 years old) using quantitative videofluoroscopic 

analysis and self-reported measures. Each study has been published in a peer-reviewed 

journal. 

6.1. Healthy older adults 

6.1.1 Research aim 

• to quantify post-swallow residue in healthy ageing using a novel quantitative measure 

(Bolus Clearance Ratio: BCR) 

6.1.2 Research Questions 

1. How do measures of swallow efficiency (post-swallow pharyngeal residue and number 

of swallows per bolus) change for adults in advanced age? 

2. How does aspiration as a measure of swallow safety change for adults in advanced 

age? 

3. What are the normative values of the quantitative residue measure (BCR) across the 

lifespan for comparison with patient populations?  

6.1.3 Hypotheses 

1. Swallow efficiency reduces (post-swallow pharyngeal residue and number of swallows 

to clear increases) for healthy adults in advanced age 

2. Post-swallow pharyngeal residue significantly differs between healthy younger and 

older adults 

3. Swallow safety (aspiration) does not change in advanced age 
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6.1.4 Rationale 

While studies on aspiration in older adults are well established, research on post-

swallow residue in older age is limited, with conflicting results. Many studies are restricted by 

the use of subjective ratings to describe residue and small sample sizes. Post-swallow 

pharyngeal residue is considered indicative of swallow inefficiency and can lead to aspiration 

(Molfenter & Steele, 2013a). An unsafe swallow occurs when bolus material enters the airway 

(PAS ≥ 3; Molfenter, Brates, et al., 2018; Rosenbek et al., 1996). For healthy adults, aspiration 

is considered a rare event that is not age-related (Jardine et al., 2020a). 

6.1.5 Significance 

Normative values generated by quantitative analysis will serve as comparisons with 

patient populations to document swallow recovery or decline, assess the efficacy of 

compensatory strategies, and measure rehabilitation outcomes. Quantifying post-swallow 

pharyngeal residue will enable slight changes in residue to be documented, including those 

that may occur during the normal ageing process. Reporting changes in swallow efficiency 

and swallow safety in healthy ageing will help prevent clinicians from undermanaging or 

overmanaging older patients.  

6.1.6 Proposed Study 

This observational prospective study was a collaboration between two research sites: 

the University of Auckland and the University of California Davis. A standardised protocol 

was followed during VFS. Post-swallow residue was quantified (n = 275) using the BCR as 

described by Leonard (2017) and datasets were merged. Number of swallows required per 

bolus and aspiration were rated as additional markers of swallow efficiency and safety. 
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6.2. Hospitalised older adults 

6.2.1 Research aim 

• to differentiate normal age-related swallowing changes from impairment by comparing 

swallowing timing and displacement measures between healthy adults and hospitalised 

older adults during VFS 

6.2.2 Research Questions 

1. How does swallowing differ between hospitalised older adults with a new onset of 

dysphagia (but unrelated admission) and healthy community-living asymptomatic 

older adults using quantitative videofluoroscopic analysis? 

2. Are there common swallowing physiological changes for hospitalised older adults with 

a new onset of dysphagia (but unrelated admission) using quantitative 

videofluoroscopic analysis? 

6.2.3 Hypotheses 

1. There are significant differences in swallowing timing and displacement measures for 

hospitalised older adults compared to healthy older and younger adults, specifying 

swallowing impairment 

2. Hospitalised older adults demonstrate increased penetration, aspiration, and pharyngeal 

residue compared to healthy adults  

6.2.4 Rationale 

New-onset swallowing difficulties in older patients during unrelated hospital 

admissions are well recognised (Leder et al., 2016). Presbyphagia refers to age-related 

swallowing changes which do not necessarily result in pathological effects. However, the 

trajectory from presbyphagia to dysphagia is not well understood (Namasivayam-MacDonald 

& Riquelme, 2019b). It is unclear how swallowing physiology differs for older hospitalised 

adults during unrelated hospital admissions with newly developed swallowing problems, 
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compared to normal age-related swallowing changes. It is also unknown whether this 

hospitalised group presents with similar characteristics of swallowing impairment. 

6.2.5 Significance 

Quantitative videofluoroscopic analysis will distinguish swallowing dysfunction from 

healthy ageing. If significant differences in hospitalised older adults exist, this will highlight 

the need for routine swallow screening and improved education of dysphagia risk for older 

patients to hospital staff, patients, and whānau [family]. 

6.2.6 Proposed study 

This retrospective observational study included VFS in a patient database from North 

Shore Hospital, Waitemata DHB, and VFS from the normative database at the University of 

Auckland Swallowing Research Laboratory (participants from the previous study). VFS were 

analysed using quantitative timing and displacement measures developed by Leonard and 

Kendall (2019). Results were compared between hospitalised older adults reporting new 

dysphagia symptoms during admission (n = 52) and healthy asymptomatic older (n = 56) and 

younger adults (n = 43). 

6.3. Community-living older adults 

6.3.1 Research aims 

• to assess whether swallowing and nutrition problems exist in community-living older 

adults using validated screening tools 

• to explore the impact of changes in swallowing and nutrition for older adults on 

activity and participation using validated screening tools 

6.3.2 Research Questions 

1. Do community-living older adults without medical history known to affect swallowing 

function report swallowing difficulties? 

2. For community-living older adults that report swallowing concerns, do they also 

present with nutrition risk as defined by a validated screening tool? 
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3. Is there a correlation between swallowing or nutrition scores (from validated screening 

tools) and age? 

6.3.3 Hypotheses 

1. Community-living older adults without medical history associated with dysphagia will 

not present with swallowing concerns as defined by a validated screening tool 

2. Community-living older adults with swallowing concerns will also present with 

nutrition risk as defined by validated screening tools 

3. Swallowing and nutrition scores will worsen with older age as defined by validated 

screening tools 

6.3.4 Rationale 

More New Zealanders are forecast to grow older in the community, ranging in levels of 

abilities and needs (Statistics New Zealand, 2018). Many health conditions can affect 

swallowing function in older age. Research demonstrates the association between swallowing 

impairment and malnutrition in older adults (Fávaro-Moreira et al., 2016). However, it is 

unknown whether older adults are aware of dysphagia or malnutrition risk factors and when to 

seek help. 

6.3.5 Significance 

From a large cohort of community-living older adults, this study will highlight the 

relationship between dysphagia and ageing. It is important that swallowing difficulties are not 

ignored and attributed to normal ageing. Results will provide insight into older adults’ own 

perception of swallowing function on daily activity and participation. Undisclosed swallowing 

and nutrition problems in the community have important implications for dysphagia service 

planning, such as screening and community education. Swallowing and nutrition status in 

community-living older adults will be relevant to a multidisciplinary audience. 

6.3.6 Proposed study 

This survey-based study comprised of a 37-item questionnaire, including demographic 

information, medical history, medications, state of dentition, general knowledge of 
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“dysphagia” and two validated screening tools: EAT-10 and Seniors in the Community: Risk 

Evaluation for Eating and Nutrition (SCREEN-II). Community-living New Zealanders aged 

65 years and older were invited through community groups and snowballing (n = 1039). 
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Chapter 7. Quantifying Post-swallow Residue in Healthy Ageing 

This chapter is an invited paper that was peer-reviewed and published in Perspectives 

of the ASHA Special Interest Groups. The purpose was to investigate post-swallow residue in 

healthy ageing, particularly in advanced age, using a novel quantitative measure of post-

swallow residue in a large cohort. 

Jardine, M., Miles, A., Allen, J., & Leonard, R. (Under review). Quantifying post-

swallow residue in healthy ageing. Perspectives of the ASHA Special Interest Groups on 

Swallowing and Swallowing Disorders (Dysphagia). 

A safe swallow is dependent on swallow efficiency, whereby the bolus is completely 

transferred from the oral cavity through the pharynx and oesophagus while the airway is 

protected (Rademaker et al., 1994). It is well known that swallowing undergoes changes with 

the ageing process, yet many of these effects do not appear to alter swallow safety 

(Namasivayam-MacDonald & Riquelme, 2019b). It is critical that clinicians working with 

older adults have a comprehensive appreciation of healthy swallowing anatomy (Yin et al., 

2018) and physiology (Jardine et al., 2020a) in order to differentiate normal changes from 

swallowing dysfunction (Leslie et al., 2005; Plowman & Humbert, 2018). An unsafe swallow 

and poor swallow efficiency are often manifested as aspiration and residue that poses a risk for 

aspiration, respectively. These are common clinical indicators of swallow dysfunction during 

instrumental assessment, especially for patients unable to report their swallowing symptoms 

due to concurrent cognitive impairments, aphasia, reduced alertness, awareness, or sensory 

deficits. Although aspiration events can occur in healthy adults, aspiration is considered 

unusual and not indicative of normal swallowing or healthy ageing (Allen et al., 2010; de 

Lima Alvarenga et al., 2018). Aspiration is frequently rated using the PAS before, during or 

after a swallow (Rosenbek et al., 1996). The presence of post-swallow residue increases the 

risk of aspiration after a swallow (Molfenter & Steele, 2013a).  
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There are mixed reports on whether residue increases in older adults. Residue that 

compromises swallow safety is not characteristic of healthy ageing (E. Dejaeger et al., 1997). 

Some studies have observed minimal or trace residue in healthy older adults (Ayala & 

Logemann, 2010; Y. Kim et al., 2005; Logemann et al., 2000). Other studies have detected 

significantly more residue in older adults (E. Dejaeger et al., 1997; Molfenter, Brates, et al., 

2018; Rademaker et al., 1998). Comparing results across studies is complicated by the 

instrumental assessment used, range of bolus sizes and textures swallowed, and methods for 

calculating residue in healthy older adults. Examples of subjective measures of residue during 

VFS include mere occurrence (Clavé et al., 2006; Perlman et al., 1992; Yoshikawa et al., 

2005), location (E. Dejaeger et al., 1997; Omari, Dejaeger, Van Beckevoort, Goeleven, 

Davidson, et al., 2011), percentage estimates (Cook et al., 1994; Rademaker et al., 1994), 

percentage estimate scales (e.g., 0 = none, 1 = < 10% of bolus, 2 = from > 10% to < 50% of 

bolus, 3 = > .50% of bolus (Han et al., 2001)), and subjectively graded severity (e.g., mild, 

moderate, severe (Eisenhuber et al., 2002); 0 = no residue, 1 = trace coating, 2 = pooling (Hind 

et al., 2001; McCullough et al., 2007)). However, subjective interpretations lack detail, are 

inconsistently accurate and vary in reliability (Lee et al., 2017). Conversely, quantification of 

residue holds merit for objective severity judgement for comparing across patients or within a 

patient over time, and for assessing the efficacy of a compensatory strategy.  

Quantitative methods for calculating residue have emerged yet remain for research 

purposes as measurements can be laborious and involve resources outside clinical practice 

(Dyer et al., 2008). W. Pearson and colleagues (2013) draw on previous studies to 

conceptualise an effective quantitative residue measure which has since been utilised with 

healthy older adults (Molfenter, Brates, et al., 2018) and patient populations (Molfenter & 

Steele, 2013a; Namasivayam-MacDonald & Riquelme, 2019a). Leonard (2017) commends 

this measure for localised residue but considers diffuse residue may be difficult to calculate. 

The BCR was devised as a simple videofluoroscopic measure that can be semi-automated and 

has excellent inter- and intra-rater reliability (intraclass correlation coefficient (ICC) > .90 for 
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50 patient videos (Leonard, 2017)). Bolus material in the oropharynx and hypopharynx is 

measured in lateral view as a two-dimensional area at two time points: immediately before the 

bolus enters the PES and directly after the completion of a swallow or, alternatively, following 

a clearing swallow (or swallows). This part-to-whole ratio is calculated by the area of bolus 

residue divided by the area of bolus pre-PES entry. Multiplying the result by 100 estimates the 

percentage of the bolus which does not clear the oropharynx and hypopharynx. The BCR can 

quantify diffuse or patchy areas of residue by separately measuring each area of residue (e.g., 

valleculae, pyriform sinuses) and combining for an overall score, as well as trace residue. This 

is important for monitoring swallowing improvements or deterioration over time in patient 

populations. The BCR can also help identify slight changes in residue, including those that 

may occur during the normal ageing process. The primary objective of this study is to quantify 

residue in healthy older adults using the BCR. It was hypothesised that BCR values would 

differ between younger and older healthy adults, and significantly increase with advanced age. 

A secondary objective is to provide normative BCR values that serve as clinical indicators in 

standardised swallow assessment. 

7.1. Methods 

This study contains merged datasets from the University of Auckland in New Zealand 

and the University of California (UC), Davis in the USA. Each research site received local 

appropriate ethical approval: the New Zealand Health and Disability Ethics Committee 

13/STH/202 and the Institutional Review Board at UC Davis. 

7.1.1 Participants 

Healthy volunteers were recruited through local advertisement and by snowballing to 

undergo VFS. Candidates were excluded if they had a history of swallowing complaints, 

neurological disorders, intervention to the head and neck region, and chronic reflux. 

Participants scored below three on the EAT-10, indicating normal swallowing status (Belafsky 

et al., 2008). Height and weight were measured; body mass index (BMI) was later calculated. 
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Consent forms were signed to acknowledge confidentiality and the ability to withdraw at any 

stage. 

7.1.2 Procedures 

VFS for the New Zealand research site were conducted at North Shore Hospital, 

Auckland using a Videofluoroscope (Toshiba, Japan) and recorded on a Medicap USB200 

videorecorder (Medicapture Inc, Philadelphia, the USA). VFS for the USA research site were 

performed at UC Davis Medical Center using a properly collimated Phillips fluoroscopic unit 

(Phillips Medical Systems North America Company, Shelton, CT, the USA) and recorded on 

high quality videotape for playback and analysis using a Sony Model 1380 videocassette 

recorder (Sony Corporation of America, New York, NY). New Zealand videos were recorded 

continuously in standard resolution format at 30 frames per second. The pulse rate for USA 

videos was synced to a frame rate of 30 frames per second. Each bolus was measured and 

presented to participants in the same sequence. Participants were requested to hold a bolus in 

their mouth and to swallow the entire bolus on command. In lateral view, a radiopaque ring of 

known diameter was taped under the chin for calibration of spatial measures during analysis. 

7.1.3 Measures 

Data were analysed frame-by-frame using Swallowtail (Belldev Medical, Inc.) of 

single swallows in lateral view: 20 ml thin liquid barium and 3 cm3 barium paste (60%w/w (E-

Z-paste). For the NZ cohort, liquid barium (Liquid Polibar 96% w/w) was diluted in water to 

32% concentration. IDDSI testing was conducted and this dilution met the criteria for Level 0 

Thin (iddsi.org). Since the USA videos predated IDDSI, the barium was not tested but was 

presumed to be thin (Barisperse diluted to 45% concentration). Although the concentration of 

the USA barium was slightly stronger (45% vs 32% w/v), results between the research sites 

were not significantly different (t(216.86) = .29, p = .77) and were therefore merged. Two 

areas of the bolus were measured: immediately pre-entry to the PES and post-final clearing 

swallow “immediately after” PES closure (Leonard, 2017). In some videos, the pharynx 

remained constricted in the frame directly after PES closure. Therefore, the area of residue 
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was determined once the epiglottis had returned to an upright position and the pharynx had 

relaxed. Residue in the oropharynx was measured posteriorly from the posterior nasal spine. 

An example of measured bolus areas for calculating the BCR is demonstrated in Figure 21: B 

(0.43 cm2) / A (7.14 cm2) = 0.06 (x 100 = 6%). Other analyses included the PAS (Rosenbek, 

Robbins, Roecker, Coyle, & Wood, 1996) and number of swallows per bolus, which were only 

calculated for the NZ cohort. Multiple swallows were categorised as (a) oral residue (after the 

main swallow when the pharynx was at rest, residual bolus material from the oral cavity was 

released in a subsequent “clearing swallow”); (b) dose metering (the main bolus was separated 

and swallowed sequentially in short succession, typically while the airway remained closed); 

and (c) pharyngeal residue (after the main swallow when the pharynx was at rest, a “clearing 

swallow” was performed to move residue from the pharynx). Reliability between two New 

Zealand authors (MJ, AM) was assessed using intra-class correlation coefficients (ICC) on 

50% of thin liquid (all New Zealand data) and all paste swallows. The authors were all 

experienced in quantitative swallowing timing and displacement analyses. The method for 

calculating the BCR was adequately detailed in Leonard (2017) to allow replication. Since the 

BCR demonstrated high reliability on adults of mixed aetiology with dysphagia (n = 50; ICC > 

.90), this indicated promise for clinical use. During the training phase, the NZ raters checked 

the first ten BCR measurements across all authors, including Leonard, and reached consensus 

agreement. Raters were blinded to age and each other’s scores. ICC (two-way random, single 

measures) for inter-rater reliability was .945 for 20 ml BCR values (95% C.I. = .923–.962, p < 

.001) and .908 for paste BCR values (95% C.I. = .872–.935, p < .001). 
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Figure 21 

Example of Calculating the BCR = B / A (x 100 = %) 

7.1.4 Data Analysis 

Descriptive statistics and statistical analyses were performed using SPSS (Version 25). 

Distribution of BCR values was positively skewed due to greater frequencies of no residue or 

residue close to 0.01. Parametric tests were performed (n > 30) based on the central limit 

theorem (Field, 2018). Mean BCR values for liquid barium and paste swallows were compared 

using a one-sample t-test. The association between BCR values and age was assessed using 

Pearson’s correlation coefficient. Age effects were also analysed between younger (< 65 years 

old) and older (≥ 65 years old) age groups using two-sample t-tests. If differences were 

statistically significant (p < .05), effect sizes (r) were calculated (Field, 2018). To explore 

further age-related differences, groups were divided into 18–39 years old, 40–64 years old, 

65–79 years old and ≥ 80 years old. One-way analysis of covariance was performed to 

determine differences in BCR for thin liquid barium and barium paste between age groups 

with sex and BMI as covariates. If results reached statistical significance (p < .05), the post 

hoc Bonferroni test was performed to determine differences between groups. In the New 

Zealand cohort, number of swallows per bolus was classified as “one swallow” or “more than 

one swallow” and frequencies were calculated across four age groups for each bolus type. 

B: total area of bolus residue post-final clearing 
swallow= 0.43 cm2 A: area of bolus pre-PES entry= 7.14 cm2 
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Differences in swallows between age groups were assessed using Pearson’s Chi-square test. If 

number of swallows was significantly different between age groups, data were plotted in a 

scatter graph comparing age and BCR values. 

7.1.5 Missing Data 

For the New Zealand cohort, thirteen 20 ml study videos were excluded due to video 

recording errors (11/13) or pre-existing paste residue (2/13) to avoid creating misleading 

elevated BCR values. Eight paste study videos were excluded due to video recording errors 

(8/8). 

7.2. Results 

The merged database included 275 healthy adults aged 18–99 years old (M = 57.2 

years old, SD = 21.3). Demographic information across the four age groups is presented in 

Table 15. Aspiration (PAS 6) was detected in one 88-year-old participant. This event occurred 

during a clearing swallow of oral residue. 

Table 15 

Participant Demographic Information (M, SD) 

 18–39 years 40–64 years 65–79 years ≥ 80 years 
n 77 57 102 39 
Age (years) 30.0, 9.7 49.9, 6.9 71.3, 3.9 84.7, 9.2 
Weight (kg) 74.1, 12.9* 79.9, 13.4*,** 77.5, 10.1*** 68.7, 12.6**,*** 
Height (cm) 171.1, 10.6* 172.6, 10.8** 169.7, 10.6*** 162.7, 10.1*,**,*** 
BMI 25.3, 3.5* 26.8, 3.7 27.0, 3.0* 25.9, 4.7 

Note. *, **, *** significant difference between groups (p < .05). 

7.2.1 Bolus Clearance Ratio 

Most BCR values were small (< 0.05 or < 5% of the bolus for 78% of 20 ml and 66% 

of paste swallows). BCR values for paste (M = 0.06, SD = 0.07) were significantly larger than 

BCR values for 20 ml thin liquid barium (M = 0.03, SD = 0.04), (p < .001). Increasing BCR 

values were significantly associated with increasing age for both bolus types (20 ml: r = 0.214, 

p = .001; paste: r = 0.305, p < .001). Mean BCR values were significantly larger in adults 65 

years and older (Table 16). Figure 22 compares mean BCR values from the healthy cohort (< 
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65 years vs. ≥ 65 years) to the mean BCR value for a group of fifty individuals with dysphagia 

(swallowing dysfunction) for a 20 ml thin liquid barium bolus (Leonard, 2017). After 

adjusting for sex and BMI, the estimated marginal means for BCR 20 ml values were 

significantly larger in the two older age groups (65–79 years: 0.04, SE = 0.004; ≥ 80 years: 

0.04, SE = 0.008) compared to 18–39-year-olds (0.02, SE = 0.005). The estimated marginal 

means for BCR paste values were significantly larger in the ≥ 80-year-old group (0.10, SE = 

0.012) compared to the two youngest age groups (18–39 years: 0.03, SE = 0.011; 40–64 years: 

0.05, SE = 0.012) (p < .05). 

Table 16 

Comparison of BCR Values Between Younger and Older Adults 

 < 65 years ≥ 65 years  
n M, SD min–maxa n M, SD min–maxa p r 

20 ml liquid 127 0.03, 0.03 0–0.143 126 0.04, 0.04 0–0.160 .002 0.21b 
3 cm3 paste 69 0.04, 0.05 0–0.27 62 0.07, 0.08 0–0.33 .001 0.25b 

Note. a minimum to maximum BCR value. b 0.1 small effect, 0.3 medium effect (Field, 2018). 

 
Figure 22 

Mean BCR Values Comparing Groups of Healthy Younger and Older Adults (20 ml Thin 

Liquid Barium and 3 cm3 Barium Paste) to Individuals with Dysphagia (20 ml) 

  

20 ml paste 
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7.2.2 Multiple Swallows 

For 20ml thin liquid barium, the majority of participants who swallowed more than 

once, swallowed twice; a 90-year-old swallowed three times and an 87-year old swallowed 

four times. For paste, a 30-, 38- and 99-year-old swallowed three times; a 45-year-old 

swallowed five times. All other multiple swallows of paste consisted of two swallows. The 

percentage of participants that performed more than one swallow per bolus and the reasons for 

multiple swallows are detailed in Table 17. More adults 80 years and older performed more 

than one swallow for each bolus. For 20 ml thin liquid barium, no additional swallows 

occurred to clear pharyngeal residue. Figure 23 differentiates the participants that performed 

single swallows versus multiple swallows in a scatter graph comparing 20 ml BCR values to 

age. 

Table 17 

Percentage of Participants Who Performed Multiple Swallows per Bolus and Reasons for 

Multiple Swallows Across Age Groups 

 18–39 
years 

40–64 
years 

65–79 
years 

≥ 80 
years 

 

20 ml liquid 
 

n 35 32 32 27 

total multiple 
swallows (%) 

9 13 19 56 p < .001 

oral residue (n) 2 3 5 8  

dose metering (n) 1 1 1 5 
both (n) 0 0 0 2 

3 cm3 paste 
 

n 36 33 31 31 
total multiple 
swallows (%) 

19 18 29 39 p > .05 

oral residue (n) 6 2 7 9  

dose metering (n) 0 3 1 2 

pharyngeal 
residue (n) 

1 1 1 1 
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Figure 23 

The Association Between 20 ml Thin Liquid Barium BCR Value and Age, with Comparison 

between Participants who Performed Single or Multiple Swallows per Bolus

 

7.3. Discussion 

This observational study adds to our understanding of age-related changes in swallow 

efficiency in healthy adults. The majority of our cohort exhibited little to no residue after 

swallowing a large thin liquid bolus and small paste bolus, respectively, supporting our 

previous work demonstrating that efficient, normal swallowing is present even into advanced 

age. Post-swallow barium residue presented as a coating on the base of tongue, valleculae, or 

pyriform sinuses; post-swallow residue did not pool in this healthy cohort. This may occur due 

to changes in mucosal lubrication which are often seen in older adults. BCR values were 

significantly larger in healthy older adults, although clinically this difference is arguably 

minimal (difference in mean BCR values between age groups for 20 ml: 0.01 (1%)), paste: 

0.03 (3%)). Yet importantly, many adults over 80 years old performed more than one swallow 

per bolus to achieve this similar level of clearance. This suggests a reduction in swallow 

efficiency with age. 
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Normative BCR values were derived for each bolus type using the mean BCR plus two 

standard deviations: 20 ml thin liquid barium under 65 years old (0.09 or < 9% of the bolus) 

and adults 65 years and older (0.11 or < 11% of the bolus); 3 cm3 barium paste under 65 years 

old (0.14 or < 14% of the bolus) and adults 65 years and older (0.23 or < 23% of the bolus). 

This convention to calculate normative values was previously adopted by Kendall and 

Leonard (2001) to differentiate normal from abnormal values with likely clinical significance 

in timing and displacement measures. That is, an individual with a value greater than two 

standard deviations from the normative mean for a particular variable is more likely to be at 

risk for aspiration. 

7.3.1 Anatomic and Physiological Factors Contributing to Residue in Healthy Ageing 

Sarcopenia, the loss of muscle mass and strength, is often suggested as causing age-

related changes in structures critical to swallow, such as the tongue, (Hara et al., 2018; 

Machida et al., 2017), geniohyoid muscle (Baba et al., 2017), and pharyngeal lumen 

(Molfenter et al., 2015). However, the exact effects of age-related declines in muscle mass or 

strength on swallowing efficiency remain to be explained (Zhao et al., 2018). Although we 

observed increased mean BCR values in older age groups, more older adults also swallowed 

again to clear oral residue. The quantity of residue after the final clearing swallow was 

equivalent to trace coating which may relate to surface factors such as loss of mucosal 

lubrication as opposed to muscular decline. These observations differ from reports in the 

literature. A landmark paper on residue in healthy older adults analysed the effects of 

pharyngeal forces and displacement measures using manofluorography (E. Dejaeger et al., 

1997). Diffuse residue was attributed to reduced pharyngeal shortening, lower tongue driving 

force, and decreased pharyngeal contraction. Vallecular residue was related to lower tongue 

driving force (E. Dejaeger et al., 1997) and has also been associated with a larger pharyngeal 

space in older adults (Molfenter et al., 2019). A larger pharyngeal area impacts on the 

efficiency of pharyngeal clearance or constriction (Leonard et al., 2004a). In the dysphagia 

population, poor pharyngeal constriction is associated with increased pharyngeal residue 
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(Stokely et al., 2015) and is a predictor of aspiration risk (Leonard, 2019; Yip et al., 2006). For 

people with swallowing problems, causes of vallecular residue are multifactorial and may 

include poor anterior tongue movements, velopharyngeal dysfunction, and impaired epiglottic 

deflection (Perlman et al., 1992). In healthy older adults, pyriform residue has been linked to 

reduced pharyngeal shortening (E. Dejaeger et al., 1997) and may be a result of reduced 

anterior hyoid displacement (Y. Kim & McCullough, 2008). Manometric measures for healthy 

adults with trace residue suggested altered PES opening, while results for patients with residue 

indicated weakness in both the pharynx and PES (Omari, Dejaeger, Van Beckevoort, 

Goeleven, De Cock, et al., 2011). Loss of dentition and dental prosthesis use are more frequent 

in ageing and could possibly impact oral clearance. However, a relationship between these 

variables and increased residue has not been proven (Yoshikawa et al., 2006). Xerostomia (dry 

mouth) is prevalent in older age and the quantity and quality of saliva decline (Xu et al., 

2019). Decreased lubrication and mucosal dehydration may contribute to bolus residue that 

coats the oral and pharyngeal mucosae. In other words, barium coating that does not pool 

within the oropharynx and hypopharynx may be a normal occurrence in older adults. 

7.3.2 Compensations with Ageing 

Older adults may exhibit compensatory behaviours when swallowing that have been 

adapted over time in response to gradual changes in swallowing function. These may include 

clearing swallows, dose metering, extraneous behaviours (such as head movements), or 

avoiding textures. In this study, participants were instructed to swallow the entire bolus on 

command. Despite this, instances of multiple swallows were observed during post hoc 

analysis, particularly by the oldest age group (≥ 80 years old), a finding also reported in other 

studies (Ayala & Logemann, 2010; McCullough et al., 2007; Nilsson et al., 1996). However, 

the rationale for multiple swallows and the association with post-swallow residue are not well 

understood. Swallowing again to clear oral residue may be associated with the decline in 

tongue strength in advanced age (Crow & Ship, 1996). Dose metering was mainly performed 

by individuals over 80 years old for 20 ml thin liquid swallows. It is interesting to consider 
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why one quarter of adults in the oldest age group divided the bolus, despite the instruction to 

swallow all at once. This compensatory behaviour may occur to prevent pharyngeal residue, or 

have developed in response to reduced confidence in taking large mouthfuls, perhaps after 

experiencing an episode of bolus misdirection (aspiration). Although there were only single 

observations of clearing pharyngeal residue in each age group for paste, multiple swallows 

have been considered important for minimising pharyngeal residue in older adults (Ono et al., 

2007). Therefore, older adults may be more accustomed to taking smaller sips (i.e. dose 

metering) to optimise both swallow efficiency and swallow safety. The tipping point from 

compensatory behaviours to swallowing problems remains to be understood for those without 

obvious cause of dysfunction (Jardine et al., 2018a). 

7.3.3 Swallow Efficiency and Swallow Safety in Healthy Ageing 

The previously cited landmark study reported “limited [residue] in the valleculae 

and/or in the pyriform sinuses should be considered normal in the very elderly and is not 

accompanied by aspiration” (E. Dejaeger et al., 1997, p. 65). This finding is consistent with 

the residue quantified in our healthy cohort and the single detection of aspiration. Our study 

advocates for preserved swallow safety in healthy ageing. On the other hand, increased 

(although slight) residue and number of swallows per bolus with age suggest a decline in 

swallow efficiency for older adults. Therefore, greater swallowing effort and work for older 

adults may contribute to the small range of BCR values quantified in the older age groups. 

Rating swallow efficiency (residue) as well as swallow safety (aspiration) has become 

more popular in clinical assessment. For example, the Dynamic Imaging Grade of Swallowing 

Toxicity (DIGEST) incorporates the maximum percentage of pharyngeal residue alongside 

maximum penetration-aspiration score (Hutcheson et al., 2017). It must be emphasised that 

DIGEST was developed for the head and neck cancer population. However, it is interesting 

that our normative BCR values for 20 ml fall within the minimal to no residue or Grade 0 

category, while paste falls within Grade 1. As the DIGEST scale extends to Grade 4, this 

suggests our BCR values are not associated with clinical risk, as expected in healthy adults. 
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Given the increased variability of swallowing with ageing (Namasivayam-MacDonald et al., 

2018), standardised values devised for a dysphagia population should be carefully applied to a 

healthy cohort to prevent overreporting. A recent study used cut-off values for swallow 

efficiency (by quantifying residue) and associated it with aspiration (Molfenter, Brates, et al., 

2018). About one third of older participants were identified with inefficient swallows (16/44) 

which reflects our finding of reduced swallow efficiency with age. The category “inefficient” 

included any single vallecular or pyriform residue score above the cut-off value; not all 

swallows were inefficient. However, the quantity of residue is in contrast with our findings; 

“significant” amounts of residue were observed in just over one quarter (64/372) of swallows 

in the Molfenter, Brates, et al. study (2018). 

7.3.4 Rheological Factors Related to Residue in Healthy Ageing 

The higher BCR values for paste likely reflect the rheological differences between 

paste and thin liquid barium (Steele & Cichero, 2008). In the dysphagia literature, increasing 

viscosities have been observed to increase the risk of post-swallow residue (Steele et al., 

2015). Surface “grip” of some textures may result in coating of mucosal surfaces giving rise to 

more residue or a need to swallow again to cleanse the surface. More complex textures or 

mixed bolus types were not assessed in the current study and may demonstrate other age-

related changes in swallowing function. For example, in a mealtime study, observation of the 

oldest adults demonstrated increased subjective effort and difficulty (Kays et al., 2010). 

7.3.5 Limitations 

Limitations of analysing cued single swallows are well debated, but there is great 

counterargument for following a standardised procedure of different bolus textures and 

quantities during VFS. Consistent with other quantitative videofluoroscopic measures, the 

BCR uses two-dimensional, lateral view images of the bolus to estimate the ratio of bolus 

residue: not actual quantities. Any residue that was present in the oropharynx and 

hypopharynx post-swallow was calculated as soon as the epiglottis had returned to its upright 

position and the pharynx had relaxed. This frame was analysed to prevent post-swallow 
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lingual movements altering base of tongue residue or oral residue extending into the pharynx, 

either of which risk confounding the BCR calculation. Due to limiting radiation exposure, the 

focus during VFS was capturing the main swallow. However, an immediate clearing swallow 

was often incidentally recorded. Therefore, observations of multiple swallows were a post hoc 

analysis, rather than an anticipated behaviour during data collection. The differences in 

quantity of residue after the main bolus compared to oral residue or dose metering were not 

investigated in this study. No assessment of lubrication level or hydration of participants 

which may have affected mucosal adherence was undertaken. Repeated swallows were not 

undertaken during this study and therefore it is not clear whether the BCR may change over 

time with fatigue effects. 

7.3.6 Future Directions 

These normative BCR values are planned for comparison with patient populations to 

document swallow recovery or decline, assess the efficacy of compensatory strategies, and 

measure rehabilitation outcomes. More research is needed to corroborate the causation of oral 

and pharyngeal residue in older adults, and the development of compensatory behaviours 

(such as multiple swallows) in response to changes in swallow efficiency. Assessments that 

both visualise the swallow and measure pressure, such as concurrent VFS and HRIM, would 

help address these research gaps. Future studies should incorporate measures of frailty, 

sarcopenia, and nutrition risk to assist with interpreting results and planning future studies; and 

study the effects of fatigue on the BCR. 

7.4. Conclusions 

Post-swallow residue in healthy adults investigated in this study was sparse and did not 

pool. As quantified by the BCR, older adults demonstrated slightly increased post-swallow 

residue, but its clinical significance is questionable. Many individuals over 80 years old 

performed an additional swallow to clear oral residue, or metered the bolus, resulting in extra 

swallows to achieve clearance of the same volume but still demonstrated little residue after the 
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final clearing swallow. This suggests a reduction in swallow efficiency with age without threat 

to swallow safety. Post-swallow residue that poses a risk of airway invasion should be 

considered a sign of swallowing dysfunction, not healthy ageing. Normative BCR values may 

serve as comparators for groups where swallowing dysfunction is present.  
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Chapter 8. Dysphagia Onset in Older Adults during Unrelated 

Hospital Admission: Quantitative Videofluoroscopic Measures 

This chapter is an invited paper that was peer-reviewed and published in Geriatrics. 

The purpose was to investigate swallowing physiological changes for hospitalised older adults 

who had developed dysphagia during their admission, using quantitative videofluoroscopic 

analysis. 

Jardine, M., Miles, A., & Allen, J. (2018a). Dysphagia onset in older adults during 

unrelated hospital admission: quantitative videofluoroscopic measures. Geriatrics, 3(4), 66-76. 

Successful ageing is a process of adaptation (Von Faber et al., 2001). Ageing involves 

a kaleidoscope of physical, psychosocial, environmental, and disease-related factors. Medical 

advancements have contributed to increased life expectancy and our globally ageing 

population. Age can be just a number until age-related changes coincide with emergence of 

disease states or deconditioning. This then tips the balance and outstrips physiologic reserve, 

often resulting in rapid decline. Social events play an essential role in enjoyment for older 

adults, typically centered around eating and drinking. Therefore, dysphagia can lead to serious 

social and emotional consequences (Roy et al., 2007), in addition to increased risk of 

dehydration, malnutrition (Eglseer et al., 2018), and aspiration pneumonia (Marik & Kaplan, 

2003). Well-known reasons for swallowing dysfunction are stroke (Arnold et al., 2016), 

traumatic brain injury (Howle et al., 2014), progressive neurological disease (Kalf et al., 2012; 

Langmore et al., 2007; Robbins, 1987), and head and neck cancer (Lazarus et al., 1996). While 

the increasing prevalence of swallowing problems in older age is highlighted in the literature, 

ageing itself is not a causative factor. Age-related swallowing change that preserves function 

and safety is termed presbyphagia. However, what tips the balance from presbyphagia to 

swallowing impairment is unclear. 

Efficient swallowing requires coordinated constriction, expansion, and displacement of 

pharyngeal structures for bolus propulsion through the pharynx and UES, while the airway is 
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protected (Leonard et al., 2000). Oral adaptations with age are self-evident, such as loss of 

dentition and saliva (Peyron et al., 2017). Pharyngeal and oesophageal changes in timing and 

displacement are well documented (Leonard & Kendall, 2019; Namasivayam-MacDonald et 

al., 2018). Over time, older adults make changes independently by taking smaller mouthfuls, 

metering the dose, and avoiding challenging food textures. An acute event or illness may 

destabilise these adaptations, resulting in swallowing difficulties in older age, due to reduced 

functional reserve, sarcopenia, comorbidities, and polypharmacy, which individually or 

together challenge homeostasis (Bales & Ritchie, 2002). This is reflected in rising rates of 

hospital referrals for swallowing assessments for older patients. From 2007 to 2014, a study 

documented an increase of 63% in acute speech-language therapy referral rates for ≥ 60-year-

olds, including a 222% increase for patients 90 years and older (Leder et al., 2016). More 

recently, in older hospitalised adults without history of swallowing-related disease, 26% were 

identified with elevated EAT-10 (Belafsky et al., 2008) scores suggestive of dysphagia risk, 

and this was associated with poorer functional recovery (Matsuo et al., 2017). 

A period of physical inactivity during hospitalisation is known to compromise 

functional capacity (English & Paddon-Jones, 2010). Prolonged immobility correlates with 

slower recovery, longer length of stay, and increased hospital costs (Kalisch et al., 2014). Poor 

biological reserve limits the ability to endure and recover from a period of illness (Young, 

2003). Furthermore, a minor insult may exacerbate chronic illness or functional decline 

(Sanchez-Garcia et al., 2017). The prevalence of frailty in hospitalised older adults was 

recently estimated between 50–87% (Chong et al., 2018). Frailty is complex because it is 

multidimensional, comprising of physical, psychological, social, and nutritional factors. This 

leads to “confusion as to which occurs first—frailty or the factor (Levers et al., 2006, p. 288). 

Malnutrition in older adults is a marker of frailty, stemming from a combination of medical 

and social factors, rather than the acute reason for admission (Incalzi et al., 1997). 

Clinical questions remain: why do older patients develop dysphagia during their 

hospital admission?  Is there a commonality of swallowing physiological changes for these 
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patients?  The primary aim of this retrospective observational study was to investigate older 

hospitalised adults who developed dysphagia during their admission, through quantitative 

videofluoroscopic measures (Leonard & Kendall, 2019). The secondary aim was to compare 

swallowing timing and displacement measures between hospitalised older adults, healthy older 

adults, and healthy younger adults. It was hypothesised that hospitalised older adults would 

demonstrate more swallowing variability compared to healthy older and younger adults. 

Furthermore, it was also hypothesised that hospitalised older adults would demonstrate 

increased penetration or aspiration and pharyngeal residue compared to healthy older and 

younger adults. 

8.1. Methods 

This retrospective observational study received appropriate, local ethical approval: 

VFS database (University of Auckland Human Participants Ethics committee: 9263) and 

normative database at the University of Auckland Swallowing Research Laboratory (New 

Zealand Health and Disability Ethics Committee: 13/STH/202). 

8.1.1 Participants 

VFS of patients aged 70 years and older performed between May 2013 and June 2018 

were retrospectively reviewed. Patients’ past clinical letters were screened for study inclusion 

criteria: hospitalised with no history of dysphagia or diagnosis known to affect swallowing, 

such as acute neurological event, dementia, or head and neck cancer. Patients who met the 

study’s criteria were included consecutively in the study. Demographics, comorbidities, 

medications, oesophageal screening or investigation, time from admission until VFS, length of 

stay, and mortality were collected from clinical letters and VFS reports. Clinical letters were 

also reviewed for information on nutrition (weight loss, dietitian input during hospital stay, 

community dietitian follow up, or recommended weight monitoring by general practitioner). 

From April to November 2014 and August to September 2017, 139 healthy volunteers 

without history of dysphagia or diagnosis known to affect swallowing were recruited and 
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underwent VFS at North Shore Hospital in Auckland. Participant responses to the Functional 

Oral Intake Scale (Crary et al., 2005), EAT-10 (Belafsky et al., 2008), Sydney Swallow 

Questionnaire (Wallace et al., 2000) and Mini-Nutritional Assessment (MNA) (Kaiser et al., 

2009) were within the normal range. For the current study, participants were divided into two 

groups: healthy younger adults (aged < 45 years) and healthy older adults (aged ≥ 70 years). 

Reasons for excluded videos (VFS) in lateral view are detailed for each cohort in Figure 24. 

Twenty-five percent of oesophageal screens for hospitalised older adults were excluded due to 

missing data (15.4%), poor recording (5.8%) and no thin liquid trialled (3.8%). One 

oesophageal screen for healthy younger adults and two oesophageal screens for healthy older 

adults were excluded due to poor recording. 

Figure 24 

Reasons for Lateral Video Exclusions in Each Cohort: Hospitalised Older Adults, Healthy 

Younger Adults, and Healthy Older Adults 

 

8.1.2 Procedure 

A standardised videofluoroscopic protocol was used at the research site for both 

patients and healthy controls, similar to the protocol by Leonard and Kendall (2019). VFS 

were performed in a radiology suite using a Videofluoroscope (Toshiba, Tokyo, Japan) and 
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recorded at 30 frames per second directly onto USB drive in AVI format. A 1.9 cm diameter 

radiopaque ring was placed under the chin for calibration during analysis. Participants were 

recorded in standing or seated position. In anteroposterior view, participants swallowed 20 ml 

liquid barium (Liquid Polibar 96% w/w, diluted in water to 32% concentration), 3 cm3 barium 

paste 60% w/w (E-Z-paste), and a 13 mm round barium pill. In lateral view, participants 

swallowed 1 ml, 3 ml, 20 ml liquid barium, 100 ml liquid barium sequential straw drinking, 

and 3 cm3 barium paste. 

8.1.3 Measures 

For this study, data were investigated from 20 ml liquid barium in anteroposterior and 

lateral views. In anteroposterior view, oesophageal transit times were measured using a timing 

component on Swallowtail (Belldev Medical) which is a software platform to perform 

quantitative swallowing timing and displacement analyses (Leonard & Kendall, 2019). In 

lateral view, videos were analysed frame-by-frame on Swallowtail (Belldev Medical); the 

measures are detailed in Table 18. Swallows were rated against the PAS (Rosenbek et al., 

1996) and residue was calculated using the BCR (Leonard, 2017). Number of swallows per 

bolus were also observed. 

Table 18 

Quantitative Swallowing Measures of Timing, Displacement, and Area Ratio 

Measure Description 
Timing (s) 

Hdur Duration of maximum hyoid displacement 
PESop PES opening duration 
Airwaycl Onset and completion of supraglottic closure 
Airwaydur Duration of airway closure 
BP1AEcl Time from airway closure to bolus entering PES 

TPT Onset of swallow (first movement past the posterior nasal spine) to 
clearance of the bolus tail through the PES: total pharyngeal transit time. 

ETT Entrance of the bolus through the PES to clearance through the lower 
oesophageal sphincter (LES): oesophageal transit time 

Displacement (cm) 
PESmax The maximum distension of the PES 

Hmax Change in hyoid position from rest to maximum anterior-posterior 
displacement 
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                         Displacement (cm) 

HLmax Difference in distance between hyoid and larynx at rest and when 
maximally approximated during swallow 

Area (cm2) 
PAhold Area of pharynx at rest 

Ratio (area / area) 

PCR 
Pharyngeal constriction ratio: pharyngeal area of maximum constriction / 
open pharyngeal area 

BCR Bolus clearance ratio: bolus residual / area of bolus prior to PES opening 

8.1.4 Analysis 

Statistical analyses were completed using SPSS (Version 25). Quantitative timing and 

displacement data were screened for parametric assumptions. Normality was assessed using 

the Kolmogorov-Smirnov test and by visualising frequency distributions of the dependent 

variables. PESop, PESmax and PAhold were normally distributed (p > 0.05), therefore mean 

and standard deviation were reported, and differences between the hospitalised and healthy 

groups were tested using Analysis of Variance (ANOVA). Post hoc Bonferroni test was 

performed on significant results (a priori p < .05) to determine differences between groups. 

Most of the timing and displacement measures demonstrated high skew and kurtosis, violating 

parametric assumptions. Accordingly, median and interquartile range were considered to 

demonstrate a better dispersion of the non-parametric data. Groups were compared using the 

Kruskal-Wallis Test. For significant results (a priori p < .05) post hoc pairwise comparisons 

with adjusted p values were performed and effect sizes (r) were calculated (Field, 2018). 

Categorical data were reported as counts and percentages and Chi-square tests were performed 

to assess differences between groups. The association between length of hospital stay, time 

from admission until VFS, and quantitative measures were tested using Spearman’s 

correlation coefficient. 

8.2. Results 

Participant demographics are presented in Table 19. Characteristics of hospitalised 

older adults are presented in Table 20. Medical reasons for hospitalisations included 

pneumonia (9), cardiac (7), general unwellness (6), abdominal (4), urinary (3), renal (2), and 
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depressive (2). Surgical reasons for hospitalisation were fall (15) and elective (4). Forty-nine 

(94.2%) older adults admitted to hospital presented with five or more comorbidities and 47 

(90.4%) were discharged on five or more medications. Length of hospital stay was less than 10 

days for 12 patients (23.1%) and 10 or more days for 40 patients (76.9%). Two patients passed 

away during admission and six patients were excluded from mortality rate as the time of VFS 

was less than two months before data collection. 

Table 19 

Demographics of the Participants 

 Healthy younger 
adults 

Healthy older 
adults 

Hospitalised older 
adults p value 

 n 43 56 52 
Age 
(years) 

M, SD 
Range 

30.84, 7.71 
20–44 

81.20, 8.18 
70–99 

84.73, 7.02 
71–100 

< .001 

Sex 
n (%) 

Female 
Male 

24 (55.8%) 
19 (44.2%) 

35 (62.5%) 
21 (37.5%) 

18 (34.6%) 
34 (65.4%) .011 

Ethnicity 
n (%) 

NZ Māori 
NZ European 
Other 

4 (9.3%) 
24 (55.8%) 
15 (34.9%) 

1 (1.8%) 
49 (87.5%) 
6 (10.7%) 

1 (1.9%) 
42 (80.8%) 
9 (17.3%) 

.004 

Residence 
n (%) 

Independent 
Rest home 

43 (100%) 
0 

45 (80.4%) 
11 (19.6%) 

46 (88.5%) 
6 (11.5%) .009 

Table 20 

Characteristics of Hospitalised Older Adults 

 Mdn IQR Spread 
Comorbidities 9 5 1–20 
Medications 10 6 2–19 
Days admitted until VFS 15 25 2–75 
Length of stay (days) 21 47 3–135 

 n (%) 

Reason for admission Medical 
Surgical 

33 (63.5) 
19 (36.5) 

ETT documented a Yes 

No 

35 (67.3) 
17 (32.7) 

Nutrition documented b Yes 
No 

16 (32.7) 
36 (67.3) 

Mortality since VFS 

< 2 months 
2–6 months 
6–12 months 

2–3 years 
Living 

10 (19.2) 
8 (15.4) 
1 (1.9) 
4 (7.7) 

23 (44.2) 
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Note. a ETT = oesophageal transit time (oesophageal screen or investigation was referred to in 

clinical or VFS report). b Information on nutrition was detailed in discharge report. 

8.2.1 Quantitative Swallowing Measures 

Timing and displacement measures across the three cohorts are presented in Table 21: 

healthy younger adults, healthy older adults, and hospitalised older adults. Post hoc 

comparisons of statistically significant measures are presented in Table 22 to determine 

significant differences between groups. Non-normally distributed timing and displacement 

measures that were significantly different between the older cohorts were compared using the 

interquartile range of healthy older adults. For hospitalised older adults, 64.6% of PCR, 66.0% 

of HLmax, and 83.0% of BCR sat above the interquartile range of healthy older adults. As 

PAhold followed a normal distribution, measures for hospitalised older adults were compared 

using the standard deviation of healthy older adults; 55.1% were above one standard deviation. 

Table 21 

Timing and Displacement Measures 

Measure 1 
Healthy younger adults Healthy older adults Hospitalised older adults 

p value 
Mdn IQR Mdn IQR Mdn IQR 

Hdur 0.30 0.19 0.27 0.15 0.33 0.17 .291 
PESop a 0.60 0.07 0.62 0.11 0.61 0.17 .732 
Airwaycl 0.20 0.30 0.27 0.30 0.30 0.53 .028 
Airwaydur 0.80 0.22 0.87 0.37 0.80 0.47 .221 
BP1AEcl −0.07 0.07 −0.15 0.23 −0.07 0.30 < .001 
TPT 0.77 0.13 0.90 0.23 1.00 0.60 < .001 
ETT 5.58 4.18 7.97 11.02 10.58 11.33 < .001 
PESmax a 0.78 0.15 0.77 0.19 0.72 0.21 .384 
Hmax 1.81 0.47 1.86 0.75 1.53 0.51 .023 
HLmax 0.94 0.31 0.63 0.27 1.07 1.00 < .001 
PAhold2 11.28 3.07 11.45 2.51 14.35 3.12 < .001 
PCR 0.01 0.00 0.02 0.02 0.06 0.06 < .001 
BCR 0.00 0.00 0.00 0.00 0.054 0.07 < .001 

Note. Refer to Table 18 for definitions of measures. a M and SD 
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Table 22 

Post hoc Comparisons between Hospitalised Older Adults and Healthy Adults, and Healthy 

Older and Younger Adults 

Measure 1 

H
os

pi
ta

lis
ed

 o
ld

er
 a

du
lts

 

Healthy younger adults Healthy older adults 

H
ea

lth
y 

ol
de

r a
du

lts
 

Healthy younger adults 
p r p r p r 

Airwaycl .026 * 0.22 1 0.02 .167 0.16 
BP1AEcl 1 0.02 .004 * 0.26 .011 * 0.24 
TPT < .001 * 0.45 .120 0.17 .001 * 0.30 
ETT < .001 * 0.38 .158 0.17 .013 * 0.24 
Hmax .198 0.15 .023 * 0.22 1 0.06 
HLmax .410 0.12 < .001 * 0.47 < .001 * 0.32 
PAhold < .001 * - < .001 * - 1 - 
PCR < .001 * 0.48 < .001 * 0.50 1 0.02 
BCR < .001 * 0.61 < .001 * 0.76 .627 0.11 

Note. Refer to Table 18 for definitions of measures.  

* statistically significant, p < .05 

8.2.2 Subjective Ratings 

8.2.2.1. Penetration-Aspiration Scale 

PAS ratings were significantly different between groups, H(2) = 36.41, p <.001. 

Pairwise comparisons with adjusted p values showed PAS ratings for hospitalised older adults 

were significantly higher compared to healthy younger (p < .001, r = 0.44) and older adults (p 

< .001, r = 0.41) (healthy younger adults: Mdn = 1, IQR = 0, spread = 1; healthy older adults: 

Mdn = 1, IQR = 0, spread = 1–3; hospitalised older adults Mdn = 1, IQR = 2, spread = 1–8). 

No penetration was observed in healthy younger adults. A PAS score of two or three was rated 

in three (5.4%) healthy older adults and in 14 (26.9%) hospitalised older adults. No aspiration 

was detected in healthy younger or older adults. A PAS score of five (aspiration) or more was 

rated in seven (13.4%) hospitalised older adults. There was no significant difference in PAS 

ratings between healthy younger and older adults (p = 1.00, r = 0.06). 

8.2.2.2. Number of Swallows per 20 ml Bolus 

Number of swallows for a thin liquid 20 ml bolus significantly differed between 

cohorts, H(2) = 28.20, p < .001. Pairwise comparisons with adjusted p values showed that 

compared to younger controls, significantly more swallows were performed by healthy older 
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(p = .002, r = 0.27) and hospitalised older adults (p < .001, r = 0.43) (healthy younger adults: 

Mdn = 1, IQR = 0, spread = 1–2; healthy older adults: Mdn = 2, IQR = 0, spread = 1–4; 

hospitalised older adults: Mdn = 2, IQR = 1, spread = 1–6). Per 20 ml bolus, 43.0% of healthy 

older adults swallowed more than once, while 59.6% of hospitalised adults required more than 

one swallow per bolus, which was not significantly different (p = .092, r = 0.18). 

8.2.2.3. Length of Stay 

There was no correlation between quantitative timing and displacement measures and 

length of stay. There was a significant association between length of stay and time from 

admission until VFS, rs = .614, p < .001. The later the VFS was performed from admission, the 

longer the length of hospital stay. 

8.3. Discussion 

This retrospective observational study presents quantitative videofluoroscopic 

measures of new-onset dysphagia during unrelated medical or surgical admissions in older 

adults aged 70–100 years old. Greater impairment and more variability in swallowing 

measures according to IQR were observed in hospitalised older adults, which confirms our 

first hypothesis. When comparing quantitative measures, pharyngeal area, PCR, and BCR 

were statistically different between hospitalised older adults and both healthy adult groups. 

Hospitalised older adults demonstrated significantly increased penetration, aspiration, and 

pharyngeal residue. This is in concordance with our second hypothesis. Differences observed 

between hospitalised older adults and healthy adults may indicate impairment (pharyngeal 

area, PCR, penetration or aspiration, and BCR), whereas differences between the healthy 

younger and older adults are likely age-related changes (total pharyngeal transit time and 

oesophageal transit time). While we cannot infer causation of dysphagia from VFS in this 

retrospective study, we will consider possible reasons for swallowing changes, including the 

impact of hospitalisation on older adults. 
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Our hospitalised older cohort were not admitted with swallowing difficulties but rather 

developed these problems later in admission, with VFS occurring up to 75 days after 

admission. This is considerably longer than studies reporting referral timing following acute 

stroke (Hinds & Wiles, 1998) or intensive care admission (Laan et al., 2017) where 

swallowing difficulties are directly related to the reason for admission. After four days of bed 

rest, effects of disuse in limb muscle fibres for older adults include reduced muscle strength, 

force and function (Hvid et al., 2014). After 10 days of bed rest for a healthy cohort, aerobic 

capacity and lower extremity muscle strength were reduced (Kortebein et al., 2008). Patients 

made nil by mouth may experience a similar phenomenon during swallowing, with disuse of 

pharyngeal constrictors and suprahyoid muscles contributing to difficulty swallowing (Maeda 

et al., 2016). Increased multimorbidity and polypharmacy in older patients may further impact 

functional reserve during serious illness. In our hospitalised cohort, 94% presented with five or 

more comorbidities and 90% took five or more medications. A recent study performed at the 

same research site recruited a general sample of hospitalised adults 85 years and older 

(Popman et al., 2018). They also identified a high proportion of patients with five or more 

comorbidities (77%) and taking five or more medications (71%), which suggest a 

commonality of multimorbidity and polypharmacy in these older patient groups. 

A host of factors during hospitalisation for older adults likely contribute to new-onset 

of swallowing impairment. The PCR is considered a valid surrogate measure for manometric 

pharyngeal pressure (Leonard et al., 2006). Maximum pharyngeal constriction for healthy 

adults is approximately zero, as was observed in our healthy adults (with older age, this may 

extend up to PCR = 0.14 (Leonard & Kendall, 2019)). Elevated (worse) PCR was identified in 

our hospitalised older adults, which may reflect weak tongue base propulsion or poor 

pharyngeal constriction. Larger pharyngeal space, perhaps due to atrophy of pharyngeal 

muscles (Stokely et al., 2015) or laryngeal descent, is another consideration. Increased 

pharyngeal area has been reported in advancing age (Molfenter et al., 2015) and increased 

pharyngeal volume has been associated with worse pharyngeal constriction in healthy older 
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adults (Molfenter et al., 2019). Incomplete pharyngeal constriction is associated with post-

swallow pharyngeal residue (Stokely et al., 2015) and the presence of pyriform residue has 

been attributed to reduced pharyngeal shortening (Kahrilas et al., 1992). There was no 

significant difference in PCR or BCR between healthy younger and older adults in the present 

study. The elevated PCR and BCR in hospitalised older adults may therefore be considered 

pathologic, with incomplete pharyngeal clearance indicating either pharyngeal weakness or 

outlet obstruction. 

Prolonged pharyngeal and oesophageal transit times were observed in hospitalised and 

healthy older adults compared to younger adults. Increased transit times with age reflects 

previous studies (Leonard & Kendall, 2019; Miles, Clark, et al., 2016; Namasivayam-

MacDonald et al., 2018). Pharyngeal bolus transit is considered a primary marker of 

“pharyngeal health” (Kendall et al., 2004b, p. 72). Age-related increased pharyngeal transit 

times may be attributed to decreased motor unit firing rates (especially when force is exerted) 

and slower contractile properties (Roos et al., 1997), characterised by reduced pressure 

generation and weaker contractions (Im et al., 2012). More hospitalised older adults 

demonstrated longer pharyngeal transit times than healthy older adults. No aspiration and 

minimal penetration events were detected in healthy adults which supports that age-related 

changes do not compromise airway protection. Some healthy older adults metered the bolus or 

swallowed again to clear oral residue. This perhaps offers insight into overall swallowing 

effort or stress on airway protection (Leonard, 2010), which may reach a tipping point during a 

serious illness in hospital. 

The mean age of the hospitalised older group was 85 years old (SD = 7). A recent local 

study on prevalence of dysphagia and malnutrition in hospitalised adults 85 years and older 

identified 30% with dysphagia risk using the EAT-10, 30% malnourished and 43% at risk of 

malnutrition using the MNA (Kaiser et al., 2009; Popman et al., 2018). During consecutive 

data selection of patients aged 70 years and older in the current study, the majority were over 

80 years old (69%). This may reflect heightened vulnerability to swallowing problems during 
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serious illness in advanced age due to reduced functional reserve. In a study of functional 

decline post-hospitalisation, over half of patients aged 85 years and older had worse function 

in activities of daily living than their pre-illness baseline, compared to one quarter of 70–74-

year-old patients (Covinsky et al., 2003). 

The median length of hospital stay was 20 days; the maximum was 135 days. A study 

reported that older patients with new dysphagia almost tripled their length of stay in the 

intensive care unit and doubled their time in hospital. These older patients also experienced 

more complications during admission and a lower rate were discharged home (Laan et al., 

2017). A higher level of care is synonymous with frailty in older adults. The relationship 

between frailty and hospitalisation is bidirectional; not only does frailty increase the risk of 

hospitalisation, the period of acute care also contributes to worsening frailty (Hogan et al., 

2017). 

Nutritional frailty involves sarcopenia, unintentional weight loss, and disability, often 

foreshadowing terminal decline (Bales & Ritchie, 2002). It is likely that our hospitalised 

cohort were at risk of malnutrition, yet only one third of discharge reports detailed nutritional 

support in hospital or arranged for follow up in the community. Use of nutrition and dysphagia 

screening tools may be a way to identify those at risk early in an admission, bringing support 

and input prior to development of secondary pathology (Bales & Ritchie, 2002; Matsuo et al., 

2017; Popman et al., 2018). Dietetic and speech-language therapy review can provide specific 

dietary advice and strategies for eating and drinking. 

Several questions about the hospitalised cohort remain unanswered due to the 

retrospective design of this study. Pre-hospital functional level for the hospitalised adults was 

not available. We were reliant on clinical and VFS reports, which may be incomplete. 

Secondly, while frailty and sarcopenia were referred to in this study, data on prevalence or 

measurement of frailty or sarcopenia were unavailable. Similarly, dentition, weight, BMI, 

delirium, level of fatigue, and functional status during admission were unknown. The patient 

cohort was from a single hospital possibly limiting generalisation of results. Furthermore, 
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consecutive data selection resulted in an imbalance of males and females, and 

overrepresentation of New Zealand Europeans. 

The impact of hospitalisation on gross motor function is well researched. However, 

due to differences in muscle composition between limbs and the swallowing mechanism (Stål 

et al., 2003), the application of hospitalisation to swallowing is not fully understood. Our 

globally ageing population calls for more research in this area. The relationship between 

swallowing and functional status pre-admission, during hospitalisation and post-discharge 

should be explored. With growing evidence of the impact of sarcopenia on dysphagia, future 

prospective studies on older adults should measure frailty and sarcopenia compared to 

dysphagia risk or quantitative swallowing measures. For those at risk of frailty and sarcopenia, 

predictive factors for swallowing impairments should be investigated. More research is needed 

regarding screening protocols, preventative interventions, and rehabilitation for older adults 

with swallowing difficulties with no primary cause. We need to continue to distinguish age-

related conditions from ageing processes, to prevent undermanaging or overmanaging older 

patients. 

8.4. Conclusions 

This study presents quantitative videofluoroscopic study of swallowing analyses of 

hospitalised older adults with acute onset dysphagia during unrelated medical or surgical 

admissions. Comparison to non-hospitalised healthy adults revealed significant physiological 

differences in pharyngeal area and PCR, implicating pharyngeal weakness in symptom 

production. Reasons for new-onset of swallowing problems in the hospitalised cohort are 

likely multifactorial and complex. Critical illness involves muscular changes in structure and 

function (Brummel et al., 2015), and older adults are less resilient or able to return to baseline 

(Fletcher, 2007) due to frailty and sarcopenia. This may be accelerated by physical inactivity 

and poor nutrition during hospitalisation (English & Paddon-Jones, 2010). It is important to 

raise awareness of prevalence and risk of swallowing dysfunction and malnutrition in older 
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age. Screening should be standard practice. Attributing dysphagia symptoms as age-related 

change is misinformed. To optimise dysphagia assessment and management, care must be 

taken not to oversimplify dysphagia as a characteristic of ageing.  
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Chapter 9. Self-reported swallowing and nutrition status in 

community-living older adults 

This chapter was peer-reviewed and published in Dysphagia. The aim of this study was 

to assess whether undisclosed swallowing and nutrition problems exist in community-living 

older adults using validated screening tools. It was also questioned whether scores worsened in 

older age. 

Jardine, M., Miles, A., & Allen, J. (2020b). Self-reported swallowing and nutrition 

status in community-living older adults. Dysphagia, 1–9. (Early online) 

Since 1988, the New Zealand population of adults aged 65 years and older has more 

than doubled to over 746,900 (Statistics New Zealand, 2018). In another 30 years, this number 

is projected to double again. The New Zealand Positive Ageing Strategy was designed to 

address and support the growing ageing population (Ministry of Social Policy, 2001) and was 

recently relaunched as Better Later Life – He Oranga Kaumātua 2019 to 2034 (The Office for 

Seniors, 2019). An early goal of the strategy was for older adults to choose where to live in the 

community, termed “ageing in place”. Implications for remaining in one’s own home extend 

beyond the physical environment to personal and sociocultural factors, such as sense of 

attachment, familiarity, security, and self-identity (Wiles et al., 2012). Policies, services and 

programmes have since been developed to facilitate ageing in the community in New Zealand 

(Office for Senior Citizens, 2014). The updated strategy reiterates the objective that “people 

can age in a place they call home, safely and, where possible, independently” (The Office for 

Seniors, 2019, p. 33). While a fundamental theme in later life is promoting, enhancing, and 

maintaining independence (Keeling, 1999), education and support are required for making 

informed choices (Reichstadt et al., 2010). Regarding healthcare decisions, most older adults 

prefer a shared approach with their doctor (Chewning et al., 2012). 

Older age is associated with increased health conditions, comorbidities and 

medications, some of which are known to affect swallowing function (Bahat et al., 2019; 
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Gallagher & Naidoo, 2009; Takizawa et al., 2016; Van Der Maarel-Wierink et al., 2011; Zhao 

et al., 2018). Swallowing difficulties may also coincide with a medical event unrelated to the 

head and neck region (Love et al., 2013) or occur after a period of illness resulting in 

hospitalisation (Jardine et al., 2018a). Studies investigating the prevalence of dysphagia in 

hospitalised older adults (Melgaard et al., 2018), residential care (Park et al., 2013), and 

community settings (Madhavan et al., 2016) include varied methodologies and prevalence 

estimates, yet all highlight the value of utilising screening tools. Identifying dysphagia risk 

may also alert clinicians to monitor for associated risks, such as malnutrition (Fávaro-Moreira 

et al., 2016), aspiration pneumonia (Van Der Maarel-Wierink et al., 2011), reduced quality of 

life (E. Jones et al., 2018), and functional decline (Matsuo et al., 2017). 

Research highlights the association between dysphagia and malnutrition in older adults 

(Chatindiara et al., 2018), yet it is unknown how well older adults themselves are aware of risk 

factors and when to seek help (Avgerinou et al., 2019; Lindgren & Janzon, 1991). We 

conducted a nationwide survey of self-perceived swallowing and nutrition status in New 

Zealanders aged 65 years and older who are ageing in place. Self-reported questionnaires are 

commonly used in ageing research (Knäuper et al., 2016). Our primary aim was to assess 

whether, based on simple screening tools, swallowing and nutrition problems existed in this 

population. We hypothesised that community-living older adults with medical history 

associated with dysphagia would present with swallowing concerns and nutrition risk as 

defined by validated screening tools. We also hypothesised that swallowing and nutrition 

scores would worsen with older age.  

9.1. Methods 

This cross-sectional study was approved by the local ethics committee (University of 

Auckland Human Participants Ethics Committee: 022615) and was conducted from July 2019 

until December 2019. 
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9.1.1 Participants 

Community-living adults 65 years old and over were eligible to participate in this 

survey. The study advertisement was emailed once to 543 community groups involving active 

adults of retirement age in New Zealand. The advertisement was also posted on two 

professional online forums, inviting readers to circulate the questionnaire weblink with 

members aged 65 years and older. The authors’ email addresses were supplied in case further 

information about the study was sought by potential respondents. Due to snowball sampling, it 

is not possible to estimate the response rate. Paper copies were provided with postage paid 

envelopes as requested. Consent was implied by respondents accessing and completing the 

survey voluntarily. 

9.1.2 Measurement 

The 37-item questionnaire was created on a secure online survey platform (Qualtrics, 

Provo, UT) and comprised of demographic information (age, gender, ethnicity, living 

situation, postcode), general knowledge of dysphagia (Have you heard of the term dysphagia?  

If yes, what does dysphagia mean in two-three words?), medical history, medications, 

dentition (“condition of teeth”), and validated screening tools: EAT-10 (Belafsky et al., 2008) 

and SCREEN-II (Keller et al., 2005).  

The EAT-10 is a 10-item questionnaire asking users to rate statements about 

swallowing problems from zero (no problem) to four (severe problem). It is easy to complete, 

short, and used internationally both clinically and in research (Belafsky et al., 2008). It has 

been translated and validated in many non-English speaking countries (Demir et al., 2016; 

Farahat & Mesallam, 2016; Lechien et al., 2019; Möller et al., 2016; Nogueira et al., 2015; A. 

Schindler et al., 2013). A total score of three or higher is considered abnormal. The EAT-10 

has been used in prevalence studies for swallow problems in older adults within a number of 

settings, including hospital (Matsuo et al., 2017; Peñalva-Arigita et al., 2019; Tran et al., 

2019), residential care (Sarabia-Cobo et al., 2016), the community (Igarashi et al., 2019), and 

mixed settings (Wham et al., 2017).  
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SCREEN-II was developed to identify nutrition risk in community-living older adults 

in Canada (Keller et al., 2005). This screening tool includes 17 items with multiple choice 

answers, such as weight; food intake (fruit, vegetables, meat and alternatives, dairy, fluid); and 

risk of reduced food intake (swallowing problems, restriction, supplements, eating alone, and 

difficulty with food preparation or obtaining groceries). The maximum score is 64; a score less 

than 50 is considered high nutrition risk, warranting onward referral to a dietitian or physician. 

In the original validation study the majority of participants were aged 65–84 years old. 

Therefore, a local study validated the tool for community-living New Zealanders aged 85–86 

years old and defined a new SCREEN-II score of less than 49 for high nutrition risk in this age 

band (Wham et al., 2014). 

9.1.3 Data Analysis 

Descriptive statistics and statistical analysis were performed on SPSS (Version 25). 

The dependent variables were age, EAT-10 scores, and SCREEN-II scores. Distributions for 

scores were skewed due to greater frequency of normal ratings from community-living 

respondents: positive skewness for EAT-10 results (normative score < 3) and negative 

skewness for SCREEN-II results (normative score > 49). Given the size of the sample (n > 

30), the sampling distribution is assumed normal based on the central limit theorem (Field, 

2018). Pearson’s correlation coefficient was used to assess the association between age, EAT-

10 scores, and SCREEN-II scores. Respondents were categorised into three age groups (Figure 

25). One-way ANOVA was performed to compare scores between each group. The alpha level 

p < .05 was considered significant.  

Post hoc analyses were conducted on additional groups as defined in Figure 25. Scores 

for EAT-10 and SCREEN-II were transformed based on whether they fell within the 

normative range or not and were organised into dichotomous groups. Any medical history 

linked to gastrointestinal (including reflux), neurological, head and neck, and respiratory 

diseases were determined as associated with dysphagia by consensus from the authors (all 

registered medical practitioners or speech-language therapists). The category “other” included 
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reported swallowing problems or coughing dysfunction of unknown aetiology. For example 

“some swallowing issues started after one surgery”, “occasional choking caused by 

swallowing (saliva) the wrong way”, and “cough for 30 years caused by unconscious stress 

mostly but treated with Losec”. Medications were counted and screened; respondents who 

took anti-reflux medication and did not report a history of reflux were categorised into the 

“gastrointestinal” group. These groups (Figure 25) served as independent variables for t-test 

analyses. Two-way independent ANOVAs were also performed to investigate the interactions 

between dysphagia risk and swallowing concern or nutrition risk on scores. If an interaction 

was significant, a simple effects test was conducted to examine the differences between groups 

in the interaction. The transformed data were compared with other categorical data, including 

general knowledge of dysphagia and living situation using Chi-square tests. 

Figure 25 

Groups for Data Analysis 
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9.2. Results 

The median duration to complete the questionnaire online was 11.5 minutes. Of the 

1039 respondents, 971 completed the questionnaire online and 68 answered on paper. 19 

questionnaires were removed from analyses due to age exclusion (18/19 under 65 years old) 

and repetition (1/19). This resulted in a convenience sample of 1020 adults aged 65–96 years 

old with a wide geographical distribution the length of New Zealand (Figure 26). The final 

dataset included respondents with missing data. If a question was not answered in a validated 

screening tool, a resulting score was not calculated and therefore omitted from further 

analysis. Table 23 presents demographic and health information of respondents; where the 

total percentage of a row does not equal 100%, the percentage difference indicates missing 

data. 

Table 23 

Demographic and Health Information of Respondents 

Age 
(years) 

M, SD 
Mdn 

75.22, 6.24 
74.0 

Gender 
n (%) 

Female 
Male 
Gender diverse 

622 (61.0) 
396 (38.8) 
2 (0.2) 

Ethnicity 
n (%) 

New Zealand European 
Other  
New Zealand Māori 

958 (93.9) 
50 (4.9) 
12 (1.2) 

Living situation 
n (%) 

Partner or others 
Alone 

665 (65.2) 
355 (34.8) 

State of dentition 
n (%) 

All or mostly own teeth  
Denture 
Fixed partial 
No teeth, no denture 

746 (73.1) 
159 (15.6) 
101 (9.9) 
2 (0.2) 

Medical history 
associated with 
dysphagia 
n (%) 

No overt association 
Gastrointestinal 
Neurological 
Head and Neck 
Other 
Respiratory 

717 (70.3) 
186 (18.2) 
48 (4.7) 
18 (1.8) 
8 (0.8) 
4 (0.4) 

“Please report 
your history of 
main medical 
conditions” 
n (%) 

Positive: “very or pretty 
good; extremely, very, or 
disgustingly healthy; fit; 
never sick” 
Neutral: “nil, none” 

38 (3.7) 
 
 
 
70 (6.9) 
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n (%) Reported medical 
conditions 

873 (85.6) 

Medications 
 

M, SD 
Range  
n took 0 medications (%) 
n took 5 or more (%) 

2.71, 2.42 
0–15 
190 (18.6) 
205 (20.1) 

 
Figure 26 

Location of Respondents 

  

Note. Microsoft product screen shot reprinted with permission from Microsoft Corporation: 

BingTMMaps. 

There were 999 valid EAT-10 scores that ranged from 0–34; the mean EAT-10 score 

was 2.15 (SD = 4.3) and the median was 0. Almost one quarter of respondents (22.1%) 

reported self-perceived dysphagia, scoring above the normative score (≥ 3). There were 957 

valid SCREEN-II scores that ranged from 25–64; the mean SCREEN-II score was 48.50 (SD = 

6.5) and the median was 49. Nearly half of respondents (46.9%) were identified with nutrition 

risk, scoring below the normative range (< 50 for adults under 85 years old, < 49 for adults 

over 84 years old). Neither EAT-10 scores or SCREEN-II scores correlated with age or 
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significantly differed between age groups. EAT 10 scores across age groups were similar: 

young old (65–74 years): M = 2.10, SD = 4.3, old old (75–84 years): M = 2.11, SD = 4.4 and 

oldest old (≥ 85 years): M = 1.90, SD = 3.5; median scores were the same (0). Mean SCREEN-

II scores were similar across age groups, while median SCREEN-II scores decreased by one 

point for each age group, ranging from young old : 50 (normative score) to oldest old: 48. 

There was a significant association between EAT-10 scores and SCREEN-II scores; as EAT-

10 scores increased (worsened), SCREEN-II scores decreased (worsened), r = -0.368, p < .001 

(Figure 27). 

Figure 27 

Correlation Between EAT-10 Scores and SCREEN-II Scores

 

One quarter (25.9%) of respondents presented with dysphagia risk based on their 

medical history (Table 23). The minority of respondents (11.7%) presented with dysphagia 

risk and self-perceived dysphagia; most respondents did not have dysphagia risk and did not 

report swallowing difficulties (62.3%). There was a significant interaction between 

respondents with dysphagia risk and nutrition risk on EAT-10 scores F(1,937) = 11.33, p = 

.001, which is presented in Figure 28. Simple effects analysis demonstrated that respondents 

with dysphagia risk and nutrition risk had significantly higher EAT-10 scores than respondents 
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without nutrition risk F(1,937) = 45.50, p < .001. Respondents with nutrition risk and 

dysphagia risk had significantly higher EAT-10 scores than those without dysphagia risk 

F(1,937) = 90.90, p < .001. Respondents without dysphagia risk had significantly higher EAT-

10 scores if they had nutrition risk compared to those without nutrition risk F(1,937) = 22.84, 

p < .001. Respondents without nutrition risk had significantly higher EAT-10 scores if they 

also had dysphagia risk F(1,937) = 16.32, p < .001. 

Figure 28 

A Comparison of EAT-10 Scores Between Groups With and Without Nutrition Risk (from 

SCREEN-II Scores) and Dysphagia Risk (from Medical History) 

 

About one third of respondents (35.5%) correctly defined the term dysphagia, while a 

small proportion provided an incorrect definition (3.2%) or had heard of the term but did not 

know how to describe the term (2.4%). Just over half of respondents had no general 

knowledge of dysphagia (58.3%); six responses were missing. General knowledge of the term 

dysphagia did not significantly differ between age groups or screening results. With regards to 

living situation, a significant difference was observed for SCREEN-II scores; respondents who 
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lived alone presented with higher nutrition risk (M = 45.9, SD = 6.7) than those living with 

others (M = 50.0, SD = 5.8), t(631.76) = -9.55, p < .001. 

9.3. Discussion 

This is the largest cross-sectional study to date of self-reported swallowing and 

nutrition status in community-living New Zealanders aged 65 years and older. In our 

convenience sample, almost one quarter (22.1%) scored outside the normative range for EAT-

10 and nearly half (46.9%) for SCREEN-II. Overall, mean EAT-10 scores were normal (2.15: 

normal is < 3), whereas mean SCREEN-II scores were just below normal (48.50: high 

nutrition risk is < 50). Furthermore, there was a significant relationship between EAT-10 and 

SCREEN-II scores. Significantly more respondents with medical history associated with 

dysphagia disclosed swallowing and nutrition problems, supporting our first hypothesis. 

Contrary to our second hypothesis, swallowing and nutrition scores did not change with age. 

This implies that the increased prevalence of swallowing difficulties in older age is attributed 

to health conditions and medications, rather than ageing itself. In other words, older New 

Zealanders with no medical history associated with dysphagia should not experience 

swallowing difficulties. While the majority of respondents had at least one medical condition 

and regular medicine, 10% of the cohort reported no medical condition or described 

themselves as fit and healthy, and 20% reported no prescribed medications. 

9.3.1 Prevalence of Self-reported Dysphagia in Community-living Older Adults 

In prevalence studies, there is risk of inflating prevalence estimates because of variable 

methodology, lack of standardisation, and using screening tools not catered towards the older 

population (Madhavan et al., 2016). Although the EAT-10 was not specifically devised for 

older adults, since its validation it has been used for community-living older adults. The 

percentage of our respondents who self-perceived dysphagia (22.1%) is in line with other 

studies that have utilised the EAT-10. In a postal survey 25.1% of community-living older 

adults scored three or more (Igarashi et al., 2019), whereas in a large telephone survey 13% 
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reported swallowing problems (Kertscher et al., 2015). In each of these studies, age was 

disclosed, but further participant details were unknown. Conversely, in face-to-face interviews 

26.7% scored abnormal EAT-10 scores, which was associated with cerebrovascular disease, 

chronic obstructive pulmonary disease, recent pneumonia, medications, and altered 

performance in a 100 ml water swallowing test (Nishida et al., 2020). Furthermore, a 

systematic review significantly associated dysphagia with history of clinical disease (e.g., 

stroke), physical frailty, age (> 70 years old), and depression, estimating a 15% dysphagia 

prevalence in community-living adults from high quality studies (Madhavan et al., 2016). 

Prevalence studies of swallowing deficits require critical appraisal not only of the assessment 

tool but also of medical history and health status of respondents. Since dysphagia is a 

symptom, medical history and medications should be documented and analysed, rather than 

viewing swallowing difficulties in isolation. By dividing our cohort into dysphagia risk 

associated with medical history and no associative risk, we observed that swallowing and 

nutrition screening scores were significantly outside the normative range for the dysphagia 

risk group. We also observed a significant interaction between dysphagia risk and nutrition 

risk on EAT-10 scores. If an older adult has a health condition or takes medication that may 

alter swallowing function, a swallowing screening tool should be utilised. Swallowing 

difficulties without an overt aetiology should not be overlooked and attributed to age as this 

risks undermining health care (Adelman et al., 2000). Initiatives to provide education about 

swallowing problems should extend from public and patient arenas to interprofessional 

education and continuing professional development, particularly at the first port of call, such 

as general practice clinics. 

9.3.2 Associated Nutrition Risk in Community-living Older Adults 

The association between swallowing difficulties and nutrition risk is well established in 

the literature (Lim et al., 2018). Even though age was not associated with nutrition risk in the 

current study, nearly twice as many community-living older adults reported nutrition problems 

than swallowing difficulties. It is not possible to predict nutrition risk solely based on medical 
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history or medications, as there are numerous physical and psychosocial factors that contribute 

to malnutrition (Saunders et al., 2010). For example, biological ageing processes increase the 

susceptibility to malnutrition (Corcoran et al., 2019). Social isolation and loneliness are also 

associated with a higher nutrition risk (Boulos et al., 2017). In our study, the mean SCREEN-

II score for those living with others was normal and better than for the total cohort.  

A number of nutrition screening tools are available, some of which are setting 

dependent (Poulia et al., 2012). The SCREEN-II was used in this study because it was 

designed for community-living older adults and has been adopted in New Zealand. A local 

study of community-living octogenarians (Life and Living in Advanced Age: A Cohort Study 

in New Zealand: LILACS NZ) identified 49% of Māori and 38% of non-Māori with high 

nutrition risk (Wham et al., 2015). Due to our convenience sampling method, our data are not 

representative of Māori or the culturally diverse population in New Zealand. However, the 

percentage of our respondents with high nutrition risk (46.9%) falls within the prevalence for 

the LILACS NZ study. High nutrition risk was also associated with living alone, as well as 

other factors not investigated in the current study: lower education level, lower physical health 

related quality of life, and depressive symptoms (Wham et al., 2015). 

Nutrition and dysphagia risk have been assessed in other recent local studies across 

various settings. There was significantly higher dysphagia and nutrition risk in hospital and 

residential care settings compared to the community, where 5.3% presented with nutrition risk 

and 3.5% reported abnormal EAT-10 scores. These percentages are substantially lower than in 

the current study, which may be attributed to the smaller sample size (n = 57). A study of 

newly hospitalised patients in which the majority (88%) had been admitted from the 

community identified 26.9% as malnourished and 46.6% with malnutrition risk. Mean EAT-

10 scores for adults with nutrition risk were 3.6 (SD = 6.5) compared to 1.4 (SD = 2.2) for no 

risk (Chatindiara et al., 2018). While an association between nutrition risk and self-perceived 

dysphagia was observed, the cohort is unrepresentative of the current study. At the time of 

their self-report, participants had experienced an acute change in health that necessitated a 
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hospital admission that may culminate in functional decline (Hoogerduijn et al., 2007). The 

relationship between dysphagia and nutrition risk necessitates a strong partnership between 

speech-language therapists and dietitians in dysphagia management (Heiss et al., 2010). 

However, a recent study identified a gap in the community setting; almost one third of speech-

language therapists did not usually collaborate with dietitians (Howells et al., 2019). 

9.3.3 Limitations 

Due to time and financial constraints, random sampling was not possible in this study, 

therefore results should be interpreted cautiously. The survey was primarily advertised online 

or distributed by community group emailing lists, relying on older adults who are computer 

literate and perhaps contributing to an imbalanced response from adults over 85 years old. 

Furthermore, our cohort may be overrepresentative of active adults. Therefore, results may not 

reflect the spectrum of community-living older adults, such as lower levels of socio-economic 

status which was not enquired about. Cognitive status was not assessed and there was no 

opportunity for respondents to report whether they had difficulty answering the questions or to 

clarify responses which may have impacted results. While SCREEN-II was originally devised 

as a face-to-face interview which involved a prerequisite training package for clinicians, it is 

now available as an online tool: Nutri-eSCREEN (Dietitians of Canada, 2020). 

9.3.4 Future Directions 

This study may be replicated using a random sampling method that includes equal 

representation from adults 85 years and older. If conducted again in New Zealand, a strategy 

should be considered to include more respondents from Māori and Pasifika descent to obtain a 

sample that is more culturally diverse. The questionnaire may be extended to determine 

socioeconomic, cognitive, current health, and quality of life status. Anthropometrics and 

instrumental swallowing assessment, such as VFS with quantitative analyses would advance 

the interpretation of self-reported results for this population. Community education about 

dysphagia should be developed and disseminated through general practices and community 

groups. Interprofessional education and continuing professional development should highlight 
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the dissociation between healthy ageing and dysphagia, as well as the need for routine 

nutrition screening in community-living older adults, particularly in general practice. 

9.4. Conclusion 

In this large New Zealand cohort of community-living adults over 65 years old, age did 

not significantly correlate with self-reported swallowing and nutrition scores. For adults with 

medical history associated with dysphagia, mean EAT-10 and SCREEN-II scores were outside 

the normative range. Therefore, the increased prevalence of swallowing difficulties in older 

age is attributed to health conditions and medications, rather than ageing itself. Any 

swallowing complaints from community-living older adults should not be ignored or attributed 

to part of the normal ageing process. Most adults who self-perceived dysphagia also presented 

with nutrition risk. Since almost half of our respondents presented with high nutrition risk, 

routine nutrition screening is warranted in the older community-living population. Older adults 

with swallowing problems in the community should be managed by a team, including regular 

collaboration between the speech-language therapist and registered dietitian. 
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Chapter 10. Future Directions and Conclusions 

Dysphagia is not an inevitable consequence of advanced age. Older adults may 

naturally perform subtle compensatory behaviours, such as dose metering, clearing oral 

residue, and taking smaller sips or mouthfuls. However swallowing behaviours that 

compromise nutritional intake or respiratory health are indicative of swallow dysfunction, 

such as regurgitation, persistent coughing during mealtimes, and nasal redirection. If 

swallowing problems were caused by the ageing process, current dysphagia services world-

wide would require transformation to meet service demands across hospital, residential care, 

and community contexts. Modified food and adapted mealtime equipment would feature in 

supermarkets, cafés, and restaurants. Alternatively, the older population might avoid dining 

out altogether, further contributing to the prevalence of social isolation which is a current issue 

for older adults (Wright-St Clair et al., 2017). Social isolation may also reduce older adults’ 

motivation to complain about their swallowing problems to a health professional (Ekberg et 

al., 2002). Given the association between living alone and nutrition risk (Chapter Nine), 

nutrition services would also need greater capacity to ensure all older adults were meeting 

their daily nutritional requirements. There would be a significant economic cost on top of 

psychosocial burden for society. 

10.1. Swallowing Function and Dysfunction in Advanced Age 

Deglutition cannot be generalised in advanced age due to the heterogeneity of the older 

population. Figure 29 presents four types of swallowing function that adults in advanced age 

can experience. Types A and B represent normal age-related swallowing changes that are 

subtle and do not affect overall function or safety (Chapters Three–Seven). Some adults in 

advanced age may be super-agers and not encounter changes in swallowing function (Type A). 

Others may unknowingly adapt to slight alterations over time (presbyphagia) and perform 

compensatory behaviours (Type B). Types C and D depict deterioration in swallow efficiency 

and safety. After a period of recovery from the illness, swallowing symptoms may resolve, 
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although they may not return to baseline (Type C). Alternatively, dysphagia may persist over 

time despite a slight improvement in symptoms (Type D). For example, mean EAT-10 scores 

were abnormal (≥ 3) for community-living New Zealanders with medical history associated 

with dysphagia (Chapter Nine). 

Figure 29 

Types of Swallowing Function and Dysfunction in Advanced Age

 

10.2. Swallowing Assessment in Advanced Age 

My thesis has focussed on deglutition in advanced age through assessment: 

instrumental (Chapters Three–Eight) and screening (Chapter Nine). Many cited studies refer to 

population ageing as the rationale for conducting research on the effects of age on swallowing. 

As highlighted in Chapter Four, healthy adults aged 85 years and older are underrepresented in 

the deglutition literature. Therefore, an essential future direction is for researchers to plan 

carefully to recruit participants over 80 and 90 years old. 

10.2.1 Instrumental Assessment 

Although subjective interpretation of VFS is outdated in deglutition research (Lee et 

al., 2017), objective videofluoroscopic analysis is not yet routinely performed clinically in 

New Zealand. Some speech-language therapy teams in District Health Boards have started to 
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utilise quantitative videofluoroscopic measures. However, this transition is in its early stages 

and implementation is slowed by barriers, such as older technology and training time. 

Performing timing and displacement measures shifts the focus during VFS from the bolus to 

swallowing physiology. This facilitates understanding the underlying physiological 

impairment for rehabilitation planning, rather than events of penetration and aspiration, or 

pharyngeal residue. Quantifying timing and displacement swallowing events also generates 

tangible results, rather than vague subjective descriptions. This enables the improvement or 

deterioration of a patient’s swallow to be monitored over time, or results to be compared 

between patient populations. Normative data are essential for comparison with patient swallow 

studies to determine whether results fall within or outside the normal range. Thanks to the 

healthy participants in Chapters Seven and Eight (n = 139, aged 20–99 years old), the 

normative videofluoroscopic database was established at the University of Auckland 

Swallowing Research Laboratory. Quantitative analyses developed by Leonard and Kendall 

(2019) were performed for clinical application and future research using VFS in New Zealand. 

10.2.2 Screening 

During serious illness, older hospitalised adults are at risk of presenting below their 

baseline function and being discharged at a lower functional level (Hoogerduijn et al., 2007). 

In hospital, they may be unable to manage their regular diet, yet new swallowing problems 

may go undetected until there is a consequence, such as choking, aspiration pneumonia, 

dehydration, or weight loss. The vulnerability of swallowing function in older patients was 

highlighted in Chapter Eight. Significant differences in swallowing physiology between 

healthy and hospitalised older adults demonstrate that swallowing impairment is associated 

with the impact of illness and hospitalisation, not age. As in the stroke service, there should be 

a swallowing management pathway for hospitalised older adults, which includes swallow 

screening, referral to speech-language therapy for assessment, diet modification, rehabilitation 

(including follow-up post discharge), risk feeding, and education to patients and whānau 

[family].  
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For swallow screening, a tool with verbal responses may be utilised, such as the EAT-

10 (Belafsky et al., 2008). This tool was not originally validated for older adults (n = 100, M = 

48 years old, SD = 16 years). However, in Chapter Nine the mean EAT-10 score for 

community-living older New Zealanders without medical history known to affect swallowing 

was normal (< 3). This suggests the EAT-10 is an appropriate swallow screening tool for 

patients in advanced age. A functional screen, such as the 3-ounce water swallow test (Suiter 

& Leder, 2008) may better serve older patients with difficulty following or responding to 

questions, perhaps due to delirium, fatigue, or cognitive impairment. A study that explores the 

feasibility of swallow screening in the older patient population is needed, as a step toward 

implementing a national swallowing management pathway for older patients. A recent 

international survey highlighted that many health facilities (62%) do not routinely screen older 

patients for swallowing difficulties, nor train their staff to perform swallow screens (Smithard 

et al., 2019). Regular swallow screening for the older patient population would increase the 

awareness of swallowing difficulties and their consequences to nursing and healthcare 

assistant staff, who play central roles in dispensing medication and facilitating mealtimes.  

10.3. From Observational to Experimental Studies 

Limitations of the retrospective study design in Chapter Eight can be addressed in a 

prospective study, including timeline from initial assessment to instrumental assessments 

(including FEES), nutritional status or support, diet modification, and discharge 

recommendations. The direct effects of sarcopenia and frailty on swallowing function remain 

to be fully understood, yet should be measured in future studies. Sarcopenia is associated with 

reduced tongue pressure (Maeda & Akagi, 2015) and larger pharyngeal area (Molfenter et al., 

2015). A frail individual may be susceptible to skeletal pathology that causes dysphagia, such 

as obstructive osteophytes (Akbal et al., 2009; Srinivas & George, 1999) and diffuse 

idiopathic skeletal hyperostosis (Srivastava et al., 2008). A greater proportion of adults 80 

years and older are affected by sarcopenia (11–50%) than adults 60–70 years old (5-13%) (von 
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Haehling et al., 2010) and a similar trend is observed for frailty. In a study of community-

living adults, frailty was measured in 38% of 85–86-year-olds compared to 1.4% of 60–69-

year-olds (Mohr et al., 2007). Therefore, determining effective swallowing therapy to improve 

swallowing function affected by sarcopenia and frailty is critical for the ageing population. 

A longitudinal study that investigates the improvement of swallowing dysfunction 

from hospitalisation to post-discharge would provide evidence of the swallowing recovery 

trajectory in older age. While my thesis has focussed on how swallowing changes in advanced 

age are not signs of impairment, more research is needed on the feasibility of swallowing 

programmes for older adults as preventative exercise, as well as rehabilitation. Dosage and 

intensity of swallowing therapy need clarification for adults in advanced age. Since more older 

adults are technologically literate, it is also timely to explore how telehealth can be utilised. In 

New Zealand, this would allow older adults living outside of Auckland or Christchurch 

(universities with speech-language therapy programmes) to participate in swallowing research, 

thereby increasing access to swallowing services for older New Zealanders without leaving 

home. With regards to the ICF and Te Whare Tapa Whā [Māori health model], a qualitative 

study of both focus groups and individual opinions would enhance the design of a swallowing 

programme to promote adherence and identify barriers to participation. External barriers may 

include limited funding, overwhelmed capacity for community speech-language therapists, 

and long waiting times. Depending on the aetiology of the swallowing difficulties, ethical 

dilemmas may arise regarding risk feeding or alternative feeding, leading to complex decision 

making.  

Future deglutition research in New Zealand should also address Māori health inequities 

and uphold the principles of the Treaty of Waitangi, by including tangata whenua [Māori 

participants] and mātauranga Māori [knowledge]. The impact of dysphagia on tikanga 

[custom] is not understood, such as the implications of swallowing problems on manaakitanga 

[hospitality] and whanaungatanga [relationships]. Dysphagia research has not yet been 

conducted as Kaupapa Māori [Māori research model], yet would greatly benefit Māori patients 
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and their whānau [family] nationwide regarding overall dysphagia management, such as 

education, recommendations, and rehabilitation. 

10.4. Awareness of Dysphagia in Advanced Age 

Since swallowing is a natural action that normally requires little thought or effort, the 

potential for dysfunction is not yet general knowledge (Kaspar & Ekberg, 2012). Although the 

prevalence of dysphagia increases with age, it is critical that swallowing problems are not 

generalised as a characteristic of healthy ageing. 

10.4.1 Clinical Opinion 

Literature without a neutral stance risks influencing clinical opinion, even in a title, 

such as “Dysphagia in the Elderly” (Aslam & Vaezi, 2013; Humbert & Robbins, 2008; A. 

Khan et al., 2014; Roy et al., 2007; Smukalla et al., 2017; Sura et al., 2012). Therefore, in 

interprofessional education and continuing development forums, a simple message needs 

emphasis; older patients with new swallowing problems should not be ignored. For clinicians 

directly involved with dysphagia management, a comprehensive understanding of swallowing 

physiology in healthy adults across the lifespan is essential, as emphasised in Chapters Three 

and Four. However, a recent study from the USA reported low levels of agreement and poor to 

moderate levels of accuracy among clinicians when differentiating normal from disordered 

swallowing, regardless of age (Plowman & Humbert, 2018). This is a concerning finding. 

Rather than replicate this study, it would be more beneficial to address the outlined 

educational and clinical barriers with a New Zealand lens, and consult with clinical leaders 

(speech-language therapists) across District Health Boards. An accessible method for 

professional development is by creating a free or very low cost online learning module 

through The New Zealand Speech-language therapists’ Association. 

10.4.2 Older Adult Opinion 

In Chapter Nine, just over half of respondents reported no previous knowledge of the 

term dysphagia (58.3%). About one third of respondents (35.5%) correctly defined dysphagia, 
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while a small proportion provided an incorrect definition (3.2%) or had heard of the term but 

did not know how to describe the term (2.4%). The majority of respondents with dysphagia 

risk from medical history (57.2%) or scored above the EAT-10 (56.4%) had not heard of 

dysphagia. Awareness of dysphagia did not significantly differ between age groups or for 

results from EAT-10 or SCREEN-II. Older adults may have preconceived ideas of ageing 

which prevent them from seeking medical attention that may be necessary (Adelman et al., 

2000). In a study of adults from an independent living village, the majority (39.3%) considered 

swallowing difficulties may be due to natural ageing, while 23.4% agreed they were (Chen et 

al., 2009). Regarding potential for treatment, the minority (39%) of adults with swallowing 

problems in a multinational study thought they could be helped (Ekberg et al., 2002). The 

consequences of delaying assessment depend on the onset and severity of dysphagia. For 

example, if swallowing problems caused by Zenker’s diverticulum (pharyngeal pouch) are 

ignored in older adults, when assessment is eventually performed, surgery may be unsafe or 

carry significant morbidity (Stewart & Sen, 2016). Furthermore, problems swallowing may be 

the “tip of the iceberg”, such as a neuromuscular disease, laryngeal or pharyngeal tumour, or 

disease or cancer of the gastrointestinal tract (B. Jones & Donner, 1989). More initiatives are 

needed to raise awareness of the potential for swallowing dysfunction, which is not due to the 

normal ageing process. Target groups may include general practices and practitioners, health 

services for older adults, and community groups. Awareness may be raised through a local 

grant for promotional materials, student projects in dysphagia programmes, or the New 

Zealand Speech-language Therapists’ Association. In New Zealand, there is a week in 

September to raise general awareness of speech-language therapy, followed by the 

International Day of Older Persons on the 1st of October. Therefore, this time may be suitable 

to connect with media regarding swallowing function in ageing. In Australia, there is a 

designated “Swallowing Awareness Day”, while in the USA there is a “Dysphagia Awareness 

Month”. These events may also provide opportunities for raising awareness about the potential 

for swallowing problems in older age with New Zealand audiences. 
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10.5. Conclusion 

Deglutition research on advanced age may be in its early stages, but the evidence to 

differentiate healthy from abnormal swallowing is well-established. Quantitative results 

demonstrate that swallowing changes in advanced age do not affect overall function or safety. 

More work is needed to translate research findings to clinical practice to prevent older patients 

from being undermanaged or overmanaged. Swallowing problems should be reported by older 

adults to health professionals who must not ignore or attribute symptoms to ageing. For older 

adults unable to advocate for themselves due to serious illness, cognitive impairment, or 

language difficulty (aphasia), the onus is on health professionals to recognise signs of 

swallowing impairment. Future studies should diverge from observational to experimental in 

order to optimise dysphagia rehabilitation and management for the older population. 

Qualitative studies should embody the holistic approaches of the ICF and Te Whare Tapa Whā 

[Māori] health model in New Zealand.  

The whakataukī quoted in Chapter One captures the essence of my thesis; “māku tēnei, 

mā te rā e tō ana. He aha kei a koe, kei te rā e huru ake ana? [Leave this for me, for the setting 

sun. What purpose does it have for the rising sun?]” (Brougham et al., 2012, p. 102). “This” 

may represent dysphagia, whereby the kaumātua [older adult] informs the younger listener that 

they will endure the consequences of swallowing difficulties alone. The kaumātua [older 

adult] questions why their health concerns are relevant to the listener who has a great future 

ahead of them. However, the burden of dysphagia cannot be limited to the individual but 

involves a ripple effect to partners, whānau [family], carers, the community, and health 

professionals. “The setting sun” (age) should never be a reason against receiving swallowing 

assessment and support. 
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Appendix A: Discussion of Quantitative Measures with Significant 

Changes in Older Age 

In Chapter Four, quantitative measures that demonstrate more significant differences in 

older age include delay in swallow onset, bolus transit times, duration of UES opening, and 

UES pressure. The following results are reported as mean values. 

Delay in Swallow Onset 

The timing of bolus transfer from the oral cavity to the pharynx can be measured by 

comparing the bolus position prior to swallow onset to hyoid or laryngeal elevation. The term 

used for this measure depends on the research team involved and instrumental assessment 

(Table 5), such as “delay time”, “stage transition duration” (Y. Kim et al., 2005), “bolus dwell 

time” (Butler, Maslan, et al., 2011), or “flow interval” (Omari et al., 2014). In studies using 

VFS, most mean timings were positive in older age groups, which indicates hyoid and 

laryngeal movement occurred after the bolus head reached the pharynx. This concurs with 

longer bolus dwell times and flow intervals for older groups during FEES and HRIM, 

respectively. However, limitations for comparing results in Table 24 include whether swallows 

were cued or not, and bolus consistency and size. The position of the bolus prior to swallow 

initiation is known to be influenced by verbal cueing. For non-cued swallows, the bolus more 

frequently advances further into the pharynx prior to swallow initiation (Nagy et al., 2013), 

thereby increasing stage transition duration (Daniels et al., 2007). For studies using VFS, all 

but one did not specify whether swallows were cued or un-cued. Compared to thin liquids, 

longer delays were observed for moderately and extremely thick liquids (IDDSI levels 3 and 

4) (Steele et al., 2019), ice, frozen pudding, and a mixed consistency (chocolate chips with 

thin liquid) (Humbert et al., 2018). The effect of bolus size on swallow onset was not different 

in a group of young individuals but remains to be investigated in an older cohort (Molfenter & 

Steele, 2013b). 
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Table 24 

Delay in Swallow Onset 

Study Assessment Bolus type and 
measure 

Mean durations for age groups (s) 

Rademaker 
et al., 1998  

VFS Across all bolus typesa 

 
Pharyngeal delay time  

20–39 
years 

40–59 
years 

60–79 
years 

80–89 
years 

-0.10 -0.03 -0.15 +0.02 

Logemann 
et al., 2000 

VFS Across all bolus types 
Pharyngeal delay 

21–29 years 80–94 years 
0.06 -0.15 

Y. Kim et 
al., 2005 

VFS 5 ml , 10 ml liquid 
barium 
Pharyngeal delay time 
Stage transition 
duration 

21–51 years 70–87 years 
 

-0.10 , -0.10 
-0.06 , -0.08 

 
+0.17 , +0.19 
+0.20 , +0.23 

Yoshikawa 
et al., 2005  

VFS 10 ml liquid barium 
Pharyngeal delay time 

24–32 years 80–87 years 
+0.03 +0.16 

McCullough 
et al., 2007  

VFS Across all bolus types  
 
Stage transition 
duration 2 

21–39 
years 

40–59 
years 

60–79 
years 

80–103 
years 

+0.01 +0.10 +0.11 +0.11 

Butler, 
Maslan, et 
al., 2011 

FEES 5 ml , 10 ml water, 
cupb 
Bolus dwell time 

61–70 years 71–80 years 81–90 years 
 

0.27 , 0.39 
 

0.33 , 0.49 
0 

.34 , 0.52 

Omari et al., 
2014 

HRIM 5 ml liquid , viscous 
salinec   
Flow interval 

20–39 
years 

40–59 
years 

60–79 
years 

80–91 
years 

0.34 , 
0.39 

0.41 , 
0.42 

0.59 , 
0.59 

0.95 , 
0.77 

Cock et al., 
2016b 

HRIM 5 ml liquid , viscous 
salinec.  

Flow interval 

20–39 years 80–91 years 
 

0.44 , 0.43 
 

0.87 , 0.81 
Note. a Results estimated from graph. b Examples from 36 swallows in total. c Median values.  

In the study by Rademaker et al. (1998), the greatest mean duration was in the 60–79-

year-old-group, while the shortest was in the oldest group. Mean differences were marginal 

between the 40–59-year-olds and the oldest group. This suggests the pharyngeal delay time 

does not escalate in advanced age. Mean results for all age groups are well below the 

normative cut-off (< 0.45 s) using VFS (Daniels et al., 1998). Furthermore, mean differences 

between age groups are less than 0.31 seconds. While results demonstrate statistically 

significant differences in older age, it may be misleading to describe these as truly increased 
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delays for healthy older adults. Studies have confirmed the normal occurrence of bolus entry 

to the pharynx before hyoid elevation, particularly for older adults (Humbert et al., 2018; 

Martin-Harris et al., 2007). Therefore, the relevance of the term and measuring a “delay” is 

questioned for a healthy population. 

As a characteristic of dysphagia, a delay can be described as mild (0.45–2 s), moderate 

(3–5 s) or severe (> 6 s) (Daniels et al., 1998). In a group of patients with bilateral basal 

ganglia infarcts, 10 out of 15 demonstrated a delayed swallowing response of greater than five 

seconds (Nakagawa et al., 1997). Individuals with a moderate to severe delay are more likely 

to aspirate, as the bolus enters the pharynx before the airway is protected. Measuring the delay 

of swallow onset assists with calculating aspiration risk in adults with swallowing impairment, 

particularly if aspiration was not detected during VFS (Perlman et al., 1994). Mean results in 

Table 24 are far below the ratings for delay (< 0.45 s). Therefore, it is misleading to describe 

healthy older adults with increased swallowing delay compared to younger adults; results were 

only marginally increased. In addition, the occurrence of hyoid elevation prior to bolus entry 

to the pharynx on its own is not indicative of swallowing dysfunction (Martin-Harris et al., 

2007). The term “delay in swallow onset” used in Chapter Four and the current chapter 

stemmed from terms in the literature. However, the concept of a delay should be revised in the 

healthy deglutition literature to prevent clinicians from attributing delayed swallowing 

initiation as a sign of normal ageing. “Swallow reaction time” may be more appropriate when 

referring to a healthy population (Humbert et al., 2018). 

Bolus Transit Times 

Most bolus transit times in Table 25 were calculated using VFS; sequential swallowing 

was timed during FEES in one study (Veiga et al., 2014). Overall findings reflect a generalised 

physiological slowing with older age that features in the deglutition literature (Gleeson, 1999; 

Rademaker et al., 1998). However, this was not the trend in the study by McCullough et al. 

(2007). Older adults demonstrated shorter oral transit times. More older adults were observed 

to hold the bolus toward the back of the mouth, perhaps affecting transit times. Mean 
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pharyngeal transit times were not the longest in the oldest age group and mean total swallow 

duration was similar for adults aged 40–103 years old (McCullough et al., 2007). This study 

holds merit for consistent numbers in each age group (n = 20) and representation from the 

oldest old. The lack of exponential change in bolus transit times with age supports the 

conclusion of a recent systematic review; Namasivayam-MacDonald et al., (2018) argue that 

“bolus transit parameters do not appear to change much as a function of age” (p. 22). Out of 

the eleven included studies, bolus transit times from five studies were plotted using confidence 

intervals and means. Two studies demonstrated significantly increased bolus transit times for 

the older group. 

Table 25 

Bolus Transit Times 

Study Bolus type and measure Mean duration (s) 
Rademaker et 
al., 1998 

Across all bolus typesa  
 
Pharyngeal transit time 

20–39  
years 

40–59 
years 

60–79 
years 

80–89 
years 

0.68 0.71 0.79 0.83 
Yokoyama et 
al., 2000 

10 ml liquid bariuma 
Oropharyngeal transit 

Hypopharyngeal transit 
UES transit 
Pharyngeal transit time 

21–31 years 61–74 years 75–89 years 
0.25 
0.42 
0.62 
0.88 

0.32 
0.51 
0.75 
1.02 

0.47 
0.59 
0.82 
1.26 

Leonard et al., 
2004b 
 

20 ml liquid barium 
Hypopharyngeal transit 
time 

18–57 years 65–88 years 
0.64 0.86 

Yoshikawa et 
al., 2005 

10 ml liquid barium  
Oral transit time 
Pharyngeal transit time 

24–32 years 80–87 years 
0.74 
0.53 

1.05 
0.70 

McCullough et 
al., 2007 

Across all bolus types 
 
Oral transit duration 
Pharyngeal transit duration 
Total swallow duration 

21–39  
years 

40–59 
years 

60–79 
years 

80–103 
years 

0.51 
0.18 
1.22 

0.53 
0.40 
1.38 

0.41 
0.64 
1.36 

0.41 
0.39 
1.40 

Im et al., 2012 5 ml thin, thick, puree 
Pharyngeal transit duration  

21–37 years 61–89 years 
0.70, 0.73, 0.80 0.80, 0.80, 0.89 

Veiga et al., 
2014 

100 ml liquid from strawb 

Time of intake 
62–72 years 72–87 years 

15 21 
Miles, Clark, 
et al., 2016 

20 ml liquid barium  
 

20–39  
years 

40–59 
years 

60–79 
years 

80–98 
years 
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Study Bolus type and measure Mean duration (s) 
Oesophageal transit time 7.45 8.01 12.25 14.59 

Jardine et al., 
2018a 

20 ml liquid bariumb 
Total pharyngeal transit  
Oesophageal transit time 

20–44 years 
0.77 
5.58 

70–99 years 
0.90 
7.97 

Note. a Results estimated from graph. b Median values.  

The majority of studies in Table 25 provide vague rationale for increased transit times, 

such as slower neural processing time (Rademaker et al., 1998), age-related slowing of 

physiology (McCullough et al., 2007), and age-related reduced neuromuscular and sensory 

function (Im et al., 2012). Some studies speculate reasons for age-related changes. For 

example, decreased bolus speed may result from weaker tongue and superior constrictor 

muscle function (Im et al., 2012), reduced lingual propulsion, poor lubrication in the pharynx, 

and resistance to UES entry (Yokoyama et al., 2000). Prolonged pharyngeal transit times were 

also proposed to cause fatigue in older adults from extended breath-holding (Im et al., 2012). 

However, mean differences in transit times between age groups for this study were less than 

0.1 of a second. Therefore, suggesting increased fatigue based on marginally increased 

pharyngeal transit times is unrealistic. This example calls into question the interpretation of a 

statistically significant result versus a clinically significant result. Although the difference in 

sequential swallowing was seven seconds, it is not clear how timings were affected by 

participants who required pauses because they could not swallow continuously without 

stopping (Veiga et al., 2014). It seems more appropriate to consider the effects of fatigue after 

an entire drink or a meal, than after a single swallow. 

UES Opening Duration and Pressure 

All but one UES quantitative measure in Chapter Four demonstrate consistent changes 

with older age: increased opening duration, pressure above the UES, UES relaxation pressure, 

and reduced pressure at the UES, which are detailed in Table 26. Using VFS, there are mixed 

results on whether the extent of UES opening changes in older age. HRIM measures 

demonstrate significantly reduced UES opening in older groups, namely UES maximum 

admittance (Cock et al., 2016b) and UES nadir impedance (Omari et al., 2014). The duration 
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of UES opening increased with age in both VFS and HRIM studies, although mean differences 

across age groups are less than 0.17 s. The pressure above the UES, termed hypopharyngeal 

intrabolus pressure or pressure at nadir impedance, determines UES resistance to bolus flow 

(Omari et al., 2020). High intrabolus pressure indicates flow resistance. Normative ranges 

include 5 ml liquid: -1–22 mmHg, 10 ml liquid: -1–28 mmHg, and 5 ml viscous: -2–23 mmHg 

(Cock & Omari, 2017). UES resting pressure during LRM was significantly lower for the 

older group and negatively correlated with age (van Herwaarden et al., 2003). These findings 

correspond with the loss of basal tone in the cricopharyngeal muscle in older age and 

replacement with fibroadipose tissue (Van Herwaarden et al., 2003). Similar resting measures 

using HRIM describe pre-deglutitive and post-deglutitive tone of the UES (Omari et al., 

2020). Normal values range from 29/28–145 mmHg for 5/10 ml liquid swallows; low values 

suggests weak pharyngeal or cricopharyngeal contraction (Cock & Omari, 2017). Mean UES 

relaxation pressures significantly increased with age for both traditional (LRM) and state-of-

the-art (HRIM) manometry. UES integrated relaxation pressure is a preferred measure because 

it is comprehensive, calculating both the duration and extent of UES relaxation (Omari et al., 

2020). Normal values include 5/10 ml liquid: -4/-3–15 mmHg; high UES IRP results suggest 

flow resistance or restriction (Cock & Omari, 2017). There was no significant difference in 

IRP0.2 values between age groups for a viscous bolus (Cock et al., 2016b). 

Table 26 

UES Opening Duration and Pressure 

Study Assessment Bolus type and 
measure 

Mean duration (s) 

Rademaker 
et al., 1998 

VFS Across all bolus types*  
 
Duration of 
cricopharyngeal 
opening  

20–39 
years 

40–59 
years 

60–79 
years 

80–89 
years 

0.48 0.46 0.56 0.59 

Kern et al., 
1999 

LRM 
VFS 

5 ml, 10 ml liquid 
barium Total duration 
of UES opening 

24–42 years 70–90 years 
 

0.57, 0.58 
 

0.61, 0.63 
  

VFS 21–29 years 80–93 years 
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Study Assessment Bolus type and 
measure 

Mean duration (s) 

Logemann 
et al., 2002 

Across all bolus types 
Cricopharyngeal 
opening 

0.41 0.48 

Van 
Herwaarden 
et al., 2003 

LRM 5 ml water, cookie 
Duration of UES 
relaxation 

18–59 years 61–91 years 
0.60, 0.52  0.52, 0.42 

Leonard et 
al., 2004b 

VFS 20 ml liquid barium 
UESopen 

18–57 years 65–88 years 
0.50 0.66 

McCullough 
et al., 2007 

VFS Across all bolus types 
 
Duration of opening of 
UES 

20–39 
years 

40–59 
years 

60–69 
years 

80–103 
years 

0.61 0.59 0.56 0.64 

Ayala & 
Logemann, 
2010 

VFS Across all bolus types 
 
Duration of 
cricopharyngeal 
opening 

20–30 
years 

60–70  
years 

80–90  
years 

0.51 0.59 0.60 

Kurosu & 
Logemann, 
2010 

VFS Across all bolus types 
 
Duration of 
cricopharyngeal 
opening 

22–29 
years 

45–53  
years 

81–94  
years 

0.50 0.52 0.57 

Study  Bolus type and 
measure 

Mean pressure above the UES (mmHg) 

Kern et al., 
1999 

LRM 
VFS 

5 ml, 10 ml liquid 
barium 
Hypopharyngeal 
intrabolus pressure 

24–42 years 70–90 years 
 

7.2, 12.1 
 

14.0, 19.5 

Cock et al., 
2016b 

HRIM 5 ml liquid, viscous 
salineb.  

PNadImp  

20–39 years 80–91 years 
 

8, 10 
 

8.9, 17 
Study  Bolus type and 

measure 
Mean pressure at the UES (mmHg) 

Van 
Herwaarden 
et al., 2003 

LRM Resting UES pressure 18–59 years 61–91 years 

77.8 45.7 

Study  Bolus type and 
measure 

Mean UES relaxation pressure (mmHg) 

Cock et al., 
2016b 

HRIM 5 ml liquid 
IRP0.2 

20–39 years 80–91 years 
-1.6 3.6 

Yokoyama 
et al., 2000 

LRM 
VFS 

10 ml liquid bariuma 
 
UES Pmin 

21–31 
years 

61–74  
years 

75–89  
years 

-5.55 0 9 

Note. a Results estimated from graph. b Median values. 
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Normal UES opening and bolus flow depend on four factors: (a) the cricopharyngeal 

muscle relaxes, (b) the sphincter is compliant and stretchable, (c) the UES opens from 

hyolaryngeal elevation, and (d) bolus pressure distends the sphincter (Dantas et al., 1990). 

Although Table 26 reports significant changes in UES function with age, results were not 

abnormal. Nonetheless, some included studies have an alternate argument. Kern et al. (1999) 

refer to the “suboptimal function” of the UES, “age-induced deterioration” of muscles, and a 

“reduction in sphincter compliance” (p. 986). Mean differences in UES opening duration 

between age groups were 0.04 seconds (5 ml) and 0.05 seconds (10 ml). Although these 

results are statistically different, the actual differences may not be clinically relevant. Since 

older participants are recruited without swallowing difficulties in normative studies, results 

should not be overstated as problematic. Kern et al. (1999) suggest UES timing differences 

were compensated for by older adults because no residue was observed during the study. 

However, as detailed in Chapter Four, little to no residue is expected in healthy ageing. Van 

Herwaarden et al. (2003) acknowledge the degeneration of the cricopharyngeal muscle with 

older age. They do not attribute changes in UES mechanics to a neurological cause after 

investigating the effects of air and a balloon on UES relaxation. Interestingly, this is contended 

by two other studies that relate changes in the UES to the slowing of neural processing with 

older age, yet without supportive evidence (Kurosu & Logemann, 2010; Rademaker et al., 

1998). Since the UES is tonically contracted at rest, residual pressure during relaxation can be 

normal (Cock et al., 2016b).  

Evidence of changes in the UES with age includes the development of a 

cricopharyngeal bar. Non-obstructive bars have been detected in asymptomatic adults over 70 

years old and are associated with increasing age (Yin et al., 2018). A cricopharyngeal bar is 

characterised by poor UES compliance and stretch; there is no impairment of cricopharyngeal 

muscle relaxation (Dantas et al., 1990). Studies have compared groups of individuals with 

cricopharyngeal bars to healthy older adults. Using manofluorography, many UES measures 

were normal and attributed to compensations elsewhere; the key UES abnormality was poor 
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adaptation to bolus volume in the patient group (Dantas et al., 1990). VFS quantitative 

analysis demonstrated significantly decreased width of UES opening in the patient group, but 

opening duration did not differ between groups (Leonard et al., 2004b). Furthermore, bolus 

transit times were increased in each group, suggesting a cricopharyngeal bar does not prolong 

bolus transit. There was also no difference in UES integrated relaxation pressure and 

hypopharyngeal intrabolus pressure on HRIM, indicating no flow resistance (Cock et al., 

2016b). This suggests a cricopharyngeal bar detected during VFS does not necessarily mean 

there is an obstruction. Furthermore, the measure of pharyngeal contractility (peak pressure) 

was significantly lower for individuals with cricopharyngeal bars (Cock et al., 2016b). This 

corresponds with the finding of reduced pharyngeal constriction on VFS (Leonard et al., 

2004b). 
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Appendix B: Details of Included Studies in the Systematic Review 

Study (in 
chronological 
order) 

Age 
range 

Participant groups 
(n) 

Oldest 
group  
(M, SD) 

How deemed 
healthy? 

Medications? Instrumental 
assessment 

Swallow tasks 
(bolus size, texture) 

Study aim 

T. Khan et al., 
1977 

20–89 
years 

20–39 years (43) 
60–89 years (49) 

Not 
stated 

Interview: 
“carefully 
questioned” 

Not stated LRM 5 ml boluses of water, 
total unclear 

Effect of age on oesophageal 
motility 

E. Dejaeger et 
al., 1994 

Not 
stated 

Healthy 
volunteers (20) 
Elderly (16) 

80 
years,  
5 years 

No relevant 
history 

Not stated VFS 
LRM 

At least 3 x 10 ml liquid 
barium 

Effect of age on quantitative 
and qualitative swallowing 
measures 

Nishimura et 
al., 1996 

23–89 
years 

< 49 years (11) 
50–59 years (15) 
60–69 years (11) 
≥ 70 years (10) 

Not 
stated 

No relevant 
history   

Screened LRM 10 x 3–5 ml tap water Effect of age on oesophageal 
motility 

E. Dejaeger et 
al., 1997 

Not 
stated 

Young (18) 
Elderly (25) 

80 
years,  
7 years 

No relevant 
history 

Screened VFS 
LRM 

3 x 10 ml liquid barium Quantitative differences in 
swallowing between swallows 
with and without pharyngeal 
residue 

Rademaker et 
al., 1998 

20–89 
years 

20–39 years (61)  
40–59 years (45) 
60–79 years (38) 
80–89 years (23) 

Not 
stated 

No relevant 
history 

Screened VFS 2 x 1, 3, 5 and 10 ml 
liquid barium 

Effect of age and bolus size on 
healthy swallowing function 

Kern et al., 
1999 

24–90 
years 

Young (14) 
Elderly (14) 

75 
years, 
2.8 
years 

Not stated: 
“without any 
swallowing 
difficulties” 

Not stated VFS 
LRM 

3 x 5 & 10 ml liquid 
barium 

Effect of age on timing, width 
and pressure of UES opening, 
and associated biomechanical 
events 
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Study (in 
chronological 
order) 

Age 
range 

Participant groups 
(n) 

Oldest 
group  
(M, SD) 

How deemed 
healthy? 

Medications? Instrumental 
assessment 

Swallow tasks 
(bolus size, texture) 

Study aim 

Logemann et 
al., 2000 

21–94 
years 

21–29 years (8) 
80–94 years (8) 

Not 
stated 

No relevant 
history 

Screened VFS 2 x 1 & 10 ml liquid 
barium 

Effect of age on swallowing 
timing and biomechanics 

Yokoyama et 
al., 2000 

21–89 
years 

21–31 years (32) 
61–74 years (12) 
75–89 years (12) 

Not 
stated 

Not stated: 
“non-
dysphagic” 

Not stated LRM 
VFS 

10 ml liquid barium Effect of age on swallowing 
pressure and function 

Logemann et 
al., 2002 

21–93 
years 

21–29 years (8) 
80–93 years (8) 

Not 
stated 

No relevant 
history 

Screened VFS 2 x 1 & 10 ml liquid 
barium 

Effect of age on swallowing 
function 

Van 
Herwaarden et 
al., 2003 

18–91 
years 

< 60 years (61) 
≥ 60 years (23) 

71.3 
years 

No relevant 
history 

Screened LRM 3 x at least 4 swallows 
of 5 ml water, 5 ml 
pudding and ¼ cookie 

Effect of age and gender on 
UES and pharyngeal 
manometric parameters 

Kendall et al., 
2004a 

18–88 
years 

Young (60) 
Old (63) 

Not 
stated 

Self-reported, 
no relevant 
history 

Not stated VFS 1 & 20 ml liquid barium Coordination between structural 
movements relative to bolus 
movements before UES opening 

Kendall et al., 
2004b 

65–88 
years 

No medical 
problems (23) 
Medical 
conditions (63) 

Not 
stated 

No relevant 
history, head 
and neck exam 

Screened: 
taken for 
chronic older 
conditions 

VFS 1 & 20 ml liquid barium Effect of medical conditions on 
swallowing in older adults 

Leonard et al., 
2004b 

18–88 
years 

Non-elderly (84) 
Elderly (88) 

Median 
70 years 

Interview, 
HEENT exam, 
dietary 
questionnaire 

Screened: 
taken for 
chronic older 
conditions 

VFS Lateral: 1 & 3 ml paste, 
20 ml liquid bolus. 
Anterior-posterior:  
20 ml liquid bolus 

Effect of age on UES opening. 
Relationship between UES 
opening and swallowing events 

Y. Kim et al., 
2005 

21–87 
years 

Younger (20) 
Older (20) 

Not 
stated 

Questionnaire, 
cranial nerve 
exam 

Not stated VFS 2 x 5 & 10 ml thin 
liquid. Puree and solid 
not analysed 

Effect of age and gender on 
swallowing timing  
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Study (in 
chronological 
order) 

Age 
range 

Participant groups 
(n) 

Oldest 
group  
(M, SD) 

How deemed 
healthy? 

Medications? Instrumental 
assessment 

Swallow tasks 
(bolus size, texture) 

Study aim 

Martin-Harris, 
Brodsky, et al., 
2005 

Not 
stated 

All healthy 
(76) 
 

Not 
stated ≥ 
81years 

Interview, 
questionnaire 

Screened VFS 2 x 5 ml liquid barium Normative respiratory patterns 
and temporal coordination of 
breathing and swallowing 

Martin-Harris, 
Michel, et al., 
2005 

21–97 
years 

21–40 years (21) 
41–59 years (21) 
61–80 years (19) 
81–97 years (21) 

86 years Interview, 
questionnaire 

Screened VFS 2 x 5 ml liquid barium Effect of age on swallowing and 
interdependence of temporal 
onsets of swallowing events 

Yoshikawa et 
al., 2005 

24–87 
years 

Young (14) 
Elderly (19) 

81.2 
years 

Questionnaire, 
interview, 
repetitive 
saliva 
swallowing 
test 

Not stated VFS 3 ml barium solution,  
3 x 10 ml barium 
solution 

Effect of age on swallowing 

Daggett et al., 
2006 

20–94 
years 

< 30 years (13) 
30–39 years (14) 
40–49 years (13) 
50–59 years (13) 
60–69 years (15) 
70–79 years (13) 
80–89 years (13) 
≥ 90 years (4) 

Not 
stated 

No relevant 
history 

Screened VFS 2 x thin liquid (1, 3, 5, 
10 ml, own sip from 
cup), 3 ml pudding, ¼ 
cookie, bite of apple  

Effect of age, bolus type and 
volume on severity of 
penetration 

Dozier et al., 
2006 

23–91 
years 

All healthy (70) Not 
stated 

Interview, 
questionnaire 

Screened VFS 50 ml of liquid barium Comparison of respiratory 
patterns during 
sequential swallowing to single 
liquid swallows 
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Study (in 
chronological 
order) 

Age 
range 

Participant groups 
(n) 

Oldest 
group  
(M, SD) 

How deemed 
healthy? 

Medications? Instrumental 
assessment 

Swallow tasks 
(bolus size, texture) 

Study aim 

Leonard & 
McKenzie, 
2006 

18–88 
years 

Non-elderly (63) 
Elderly (88) 

Median 
70 years 

No relevant 
history 

Screened: 
taken for 
chronic older 
conditions 

VFS Lateral: 1 & 3 ml paste, 
20 ml liquid bolus. 
Anterior-posterior:  
20 ml liquid bolus 

Relationship between bolus 
transit and hyoid displacement 

Martin-Harris 
et al., 2007 

21–97 
years 

All healthy 
(76) 

Not 
stated 

Interview, 
questionnaire 

Screened VFS 2 x 5 ml liquid barium Effect of age on bolus head 
location and temporal measures 

McCullough et 
al., 2007 

21–
103 
years 

21–39 years (20) 
40–59 years (20) 
60–79 years (20) 
≥ 80 years (20) 

Not 
stated 

Questionnaire, 
cranial nerve, 
oral motor and 
structural 
exam 

Not stated VFS 3 x 5 &10 ml thin,  
2 x 20 ml thin, 2 x 5 ml 
puree, 2 x cookie, 3 oz 
thin liquid sequential 

Effect of age, gender & bolus 
on swallowing function, 
residue, penetration and 
aspiration 

Mendell & 
Logemann, 
2007 

22–92 
years 

20–29 years (20) 
40–49 years (20) 
60–69 years (20) 
70–79 years (20) 
≥ 80 years (20) 

Not 
stated 

No relevant 
history from 
database 

Screened VFS 2 x 3 & 10 ml liquid 
barium, 1x 3 ml paste 
barium 

Description of swallowing event 
sequencing 

Kelly et al., 
2008 

23–88 
years 

Young (21) 
Elderly (30) 

75 years No relevant 
history 

Screened FEES 5, 10 ml & large 
mouthful liquid, 
10 ml yoghurt, 10 ml 
chopped banana, 3x3 cm 
sandwich 

Effect of age on amount & 
location of pharyngeal residue 
from unmodified boluses 

Y. Kim & 
McCullough, 
2008 

21–87 
years 

Young (20) 
Old (20) 

77.2 
years, 
6.85 
years 

Questionnaire, 
cranial nerve 
exam, oral 
motor exam 

Not stated VFS 2 x 5 & 10 ml thin liquid 
barium 

Effect of age on hyoid 
movement  
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Study (in 
chronological 
order) 

Age 
range 

Participant groups 
(n) 

Oldest 
group  
(M, SD) 

How deemed 
healthy? 

Medications? Instrumental 
assessment 

Swallow tasks 
(bolus size, texture) 

Study aim 

Butler et al., 
2009 

69–87 
years 

Healthy older 
adults (20) 

78.9 
years 

Questionnaire Screened FEES 
LRM 

Catheter in vs. out (5 ml 
water & 10 ml milk);  
10 ml water vs. milk vs. 
barium; cup vs. syringe 
(5 & 10 ml milk);  
5 ml milk vs. pudding 
vs. 2 g cracker 

Effect of catheter, bolus (type, 
volume, viscosity), delivery 
method or gender on penetration 
& aspiration in healthy older 
adults 

Ayala & 
Logemann, 
2010 

20–90 
years 

20–30 years (10) 
60–70 years (10) 
80–90 years (10) 

83.7 
years 

Self-reported Not stated VFS 45 total swallows, 
including cold, thin, 
paste, sour, sweet, cold 
& sour, water 

Effect of sensory bolus 
characteristics (temperature, 
taste, viscosity) and continuous 
use on swallowing 

Butler et al., 
2010 

61–90 
years 

61–70 years (18) 
71–80 years. (28)  
81–90 years (30) 

83.8 
years, 
2.3 
years 

Self-reported Not stated FEES 5, 10, 15 & 20 ml x 
water, skim milk, 2% 
milk, whole milk via 
straw and cup 

Effect of age, sex, liquid type, 
delivery method & volume on 
penetration & aspiration 

Kurosu & 
Logemann, 
2010 

22–94 
years 

Young (20) 
Middle-aged (20) 
Older (20) 

84.5 
years 

Questionnaire Screened VFS 2 x 1, 3, 5, 10 ml & self-
selected sip liquid 
barium, 2 x 3 ml barium 
paste, ¼ cookie with 
paste 

Effect of age & gender on 
airway closure & UES opening 

Butler, 
Maslan, et al., 
2011 

61–90 
years 

61–70 years (18) 
71–80 years (26)  
81–90 years (33) 

83.6 
years, 
2.4 
years 

Self-reported Not stated FEES 5, 10, 15 & 20 ml x 
water, skim milk, 2% 
milk, whole milk via 
straw and cup; soy milk 
(5, 10, 15 & 20 ml 
straw); puree (5, 10 ml 

Effect of age, sex, liquid type, 
delivery method & viscosity on 
bolus dwell times 
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Study (in 
chronological 
order) 

Age 
range 

Participant groups 
(n) 

Oldest 
group  
(M, SD) 

How deemed 
healthy? 

Medications? Instrumental 
assessment 

Swallow tasks 
(bolus size, texture) 

Study aim 

applesauce & pudding); 
2 g cracker 

Butler, Stuart, 
et al., 2011 

69–87 
years 

Healthy older 
adults (19) 

79.2 
years 

Questionnaire Screened FEES 
LRM 

Catheter in: 5 & 10 ml 
water & milk. Catheter 
out: 5 & 10 ml water & 
milk via syringe; 5, 10, 
15 ml water & milk via 
cup 

Effect of aspiration status, 
sensor location, liquid type & 
volume on pharyngeal & UES 
pressures 

Brodsky et al., 
2012 

21–97 
years 

21–40 years (21)  
41–60 years (21)  
61–80 years (19) 
≥ 81 years (21) 

Not 
stated 

Interview, 
questionnaire 

Screened VFS 2 x 5 ml liquid barium Relationship between swallow 
non-inspiratory flow and 
swallowing events, and effect of 
age 

Im et al., 2012 21–89 
years 

Younger (20) 
Older (20) 

77.25 
years, 
8.4 
years 

Cranial nerve 
exam, 
questionnaire 

Not stated VFS 2 x 5 ml thin liquid, 
thick liquid, puree 

Effects of age, gender and bolus 
consistency on swallowing 

Omari et al., 
2014 

20–91 
years 

20–39 years (15) 
40–59 years (15) 
60–79 years (18) 
≥ 80 years (20) 

84 years Self-reported, 
questionnaire 

Screened HRIM 5 x 5 ml & 10 ml saline, 
5 ml & 10 ml viscous 
bolus 

Effect of age on automated 
impedance manometry (AIM) 
analysis and the swallow risk 
index 

Veiga et al., 
2014 

62–87 
years 

Elderly (30) 72.8 
years,  
7 years 

No relevant 
history 

Not stated FEES 100 ml water via cup 
and via straw 

Effect of cup or straw during 
sequential swallowing by 
healthy elderly 

Kagaya et al., 
2015 

25–89 
years 

Younger < 60 
years (28) 

Median 
70 years 

No relevant 
history 

Not stated VFS 10 ml liquid barium, 8 g 
corned beef, 5 ml liquid 

Effect of age and bolus type on 
occurrence of isolated 
pharyngeal swallow  
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Study (in 
chronological 
order) 

Age 
range 

Participant groups 
(n) 

Oldest 
group  
(M, SD) 

How deemed 
healthy? 

Medications? Instrumental 
assessment 

Swallow tasks 
(bolus size, texture) 

Study aim 

Older ≥ 60 years 
(25) 

barium with 4 g corned 
beef 

Cock et al., 
2016a 

20–93 
years  
 

Younger (30) 
Older (15) 

85 
years,  
4 years 

No relevant 
history, 
questionnaire 

Screened HRIM 5 x 5 & 10 ml liquid & 
viscous bolus 

Effect of age on bolus clearance 
and oesophageal propulsive 
physiology 

Cock et al., 
2016b 

20–91 
years 

Younger (50) 
Older healthy (16) 
Patients (27) 

85 
years,  
4 years 

Interview, 
questionnaire 

Screened HRIM 5 x 5 ml liquid & 
viscous boluses 

Comparison of UES function in 
patients (with restricted UES 
opening) to healthy controls 
across ages 

Miles, Clark, 
et al., 2016 

20–98 
years 

< 40 years (36) 
40–59 years (27) 
60–79 years (32) 
≥ 80 years (13) 

Not 
stated 

Questionnaire Not stated VFS 20 ml fluid bolus, 
barium tablet, 5 ml paste 

Oesophageal bolus transit times 
in healthy adults for a normative 
database 

Cock, 
Besanko, et 
al., 2017 

20–93 
years 

Younger (30) 
Older (15) 

85 
years,  
4 years 

No relevant 
history, 
questionnaire 

Screened HRIM 5 x 5 & 10 ml liquid & 
viscous bolus 

Evaluation of oesophagogastric 
junction function and effect of 
age 

Butler et al., 
2018 

20–90 
years 

20–30 years (27) 
31–40 years (29)  
41–50 years (30)  
51–60 years (27) 
61–70 years (28) 
71–80 years (31)  
81–90 years (31)  

84 
years, 
2.2 
years 

Self-reported Not stated FEES 4 liquid types (water, 
skim milk, 2% milk & 
whole milk) with 4 
bolus volumes (5, 10, 
15, & 20 ml) using 2 
delivery methods (straw 
vs. cup) 

Effect of age, sex, liquid type, 
bolus volume and bolus delivery 
on penetration and aspiration 

Herzberg et 
al., 2018 

22–90 
years 

Young (20) 
Older (23) 

74.7 
years 

No relevant 
history 

Not stated VFS 3 x 5 & 20 ml thin liquid 
barium, 5 ml nectar 
thick barium 

Effect of age on swallowing 
event sequencing 
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Study (in 
chronological 
order) 

Age 
range 

Participant groups 
(n) 

Oldest 
group  
(M, SD) 

How deemed 
healthy? 

Medications? Instrumental 
assessment 

Swallow tasks 
(bolus size, texture) 

Study aim 

Jardine et al., 
2018a 

20–99 
years 

Younger (45) 
Older > 70 years 
(59) 
Patients (55) 

81.2 
years, 
8.18 
years 

Questionnaire Not stated VFS Lateral view: 1, 3, 20, 
100 ml liquid barium,  
3 ml barium paste. 
anteroposterior view:  
20 ml liquid barium,  
3 ml paste, pill 

Comparison of quantitative 
swallowing measures in healthy 
adults vs. older patients with 
new onset dysphagia 

Molfenter et 
al., 2019* 

> 65 
years 

Healthy seniors 
(44) 

76.9 
years, 
7.1 
years 

Interview, oral 
motor sensory 
exam, 
questionnaire 

Not stated VFS 12 self-administered, 
uncued barium boluses. 
9 for this study: 3 x 5 ml 
& 20 ml thin liquid, 
nectar thick liquid 

Effect of pharyngeal volume on 
pharyngeal swallowing 
biomechanics and residue in 
healthy ageing 

 
* In December 2018 this article was accessible early online 
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Appendix C: Adapted Checklist from the Critical Appraisal Skills 
Programme 

 

1. Was the cohort recruited in an acceptable way? 

2. Was the outcome accurately measured to minimise bias? 

3. Have the authors identified all important confounding factors and included these in the 

design or analysis? 

4. Do the results include quantitative measures of swallowing or swallowing parameters? 

5. Are the results plausible? 

6. Does the study include participants over 85 years old? 

7. Do the results develop our understanding of swallowing in advanced age? 

8. Does the study report clinical implications? 




