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Abstract The aim of this prospective observational study

was to determine the associations among age, maximum

lingual isometric pressures, and maximum swallow pres-

sures in specific regions of the tongue. Individuals 21 years

and older who reported normal swallowing were enrolled.

Seventy-one healthy adults were stratified by age into

young (21–40 years), middle (41–60), and old (61–82)

groups. Maximum pressures were measured for each

individual during isometric tongue press tasks as well as

saliva, 5, and 10 mL thin liquid bolus swallows at 5 sensors

located on the hard palate: front, middle, left, right, and

back. Lower maximum lingual pressures for all tasks were

associated with increased age (p\ 0.04). Saliva pressures

exhibited a different pressure pattern than bolus swallows

with pressures higher than bolus swallows on middle

(p\ 0.03) and back (p\ 0.05) tongue sensors but not in

the front. Diminished swallow pressure reserve (maximum

isometric pressure–maximum swallow pressure) also was

found with increased age (p\ 0.03). Isometric pressures

were greater than swallow pressures in young and middle

age groups at both the front (p\ 0.04) and back (p\ 0.03)

sensors, but only significantly greater at the front sensor for

the oldest group (p\ 0.04). Older healthy adults have

lower lingual isometric pressures and lower swallow

pressures than younger healthy adults. Elders have a

decreased swallow pressure reserve to draw upon during

occasions of physiological stress. While the exact mecha-

nisms for age-related decline in lingual pressures remain

unclear, they are likely due, at least in part, to sarcopenia.

Saliva, 5, and 10 mL thin boluses also exhibit different

age-related declines in pressure at specific sensors, indi-

cating they may elicit different muscle activation patterns.
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Introduction

The prevalence of dysphagia is known to increase with age

[1] with one in nine older healthy adults self-reporting

signs of dysphagia [2] and up to 52 % of older nursing

home residents suffering from this devastating condition

[3]. In order to improve the understanding of swallowing

biomechanics that contribute to dysphagia and subse-

quently target the underlying pathophysiology for treat-

ment, it is necessary to examine normal swallowing across

the age continuum.

The tongue is the major propulsive force in normal

oropharyngeal swallowing. Lingual musculature is unique

and consists of four intrinsic muscles (superior longitudi-

nal, inferior longitudinal, transversus, and verticalis),

which have origin and insertion in the muscles of the
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tongue, and four extrinsic muscles (palatoglossus,

genioglossus, hyoglossus, and styloglossus), which have

origin in structures outside the tongue and insertion in the

tongue [4]. The anterior tongue consists of mostly fast

twitch, type II muscle fibers and is used mainly for voli-

tional movements, such as chewing and manipulation of a

bolus [5]. The posterior tongue, in contrast, consists of

mostly slow twitch type I muscle fibers and is involved in

more involuntary movements mainly for bolus propulsion

through the oropharynx.

Changes in oral motor function occur with age and are

related to the decrease in size and strength of striated mus-

culature that affect the whole body including lingual mus-

culature, known as sarcopenia [6–8]. Previous research has

revealed that healthy older adults generate lower maximum

isometric pressure (MIP) than younger individuals, which is

likely due in part to sarcopenia [8–16]. While MIP has been

shown to decrease with age, no significant age differences

have been found for maximum swallow pressure (MSP) [8–

11, 13–16]. Swallowing is a submaximal pressure-generat-

ing task, meaning MSP is lower than MIP within the same

individual. While MSP does not decrease with age, the aged

swallow is nonetheless affected by the decrease in MIP due

to a decrease in pressure reserve and pattern of pressure

generation [15]. Swallow pressure reserve is the difference

between the MIP and the MSP, and a decreased swallow

pressure reserve increases the risk of dysphagia by limiting

the amount that MIP can decrease (due to physiological

stress) without affecting the MSP.

The purpose of this exploratory study was to compareMIP

during single-sensor maximal lingual sensorimotor isometric

presses to MSP during saliva, 5 mL thin liquid, and 10 mL

thin liquid bolus swallows.Comparison ofMIP toMSPvalues

during various swallow tasks will elucidate the degree to

which swallowing, a submaximal pressure generation task,

may change with age, sensor location, and type of swallow.

This study also includes normative MIP and MSP data

from the participating healthy cohort across age groups to

allow comparisons and promote accurate, specifically-tar-

geted development of dysphagia management and inter-

vention programs. Findings will increase understanding of

underlying swallowing biomechanics and how they are

affected by age, which may help in identifying individuals

most at risk for dysphagia and the potential impact of

therapeutic interventions.

Methods

Subjects

The study participants comprised 71 healthy adults, 35

females and 36 males, stratified by age into three groups.

The young group consisted of 12 males and 11 females

between the ages of 21 and 40 years (mean = 25 years).

The middle group consisted of 12 males and 12 females

between the ages of 41 and 60 years (mean = 50 years).

The old group consisted of 12 males and 12 females

between the ages of 61 and 82 years (mean = 68 years).

Groups were identified based on early work by Robbins

and colleagues who found that swallowing begins to slow

with age as early as the fourth decade of life and then more

significantly after the sixth decade [17]. This study was

approved by the Institutional Review Board of the

University of Wisconsin-Madison, and all participants

signed the informed consent statements.

Participants were recruited through community adver-

tisements and flyers and underwent a phone screening.

Inclusion criteria required that subjects should be at least

21 years of age with self-reported normal swallowing,

consuming a general diet, and able to provide informed

consent. Subjects were excluded from the study if they had

a history of neurologic disease, head and neck cancer or

surgery, history of swallowing problems, or food allergies.

Subjects were asked whether they were right- or left-han-

ded, but as the right-handed group was much larger than

the left-handed group, the effect of handedness was not

analyzed.

Instrumentation

The Madison Oral Strengthening Therapeutic (MOST�)

device (Swallow Solutions, LLC) was used in this study to

measure pressures [18, 19]. The MOST� device was a

portable unit which consisted of a netbook connected to a

mouthpiece that was fitted to the subject’s hard palate. The

pressure sensitive mouthpiece had five air-filled sensors; on

the midsagittal plane, the front sensor was located at the

alveolar ridge, the back sensor located at the posterior hard

palate, and the middle sensor approximately halfway

between (see Fig. 1). The left and right sensors were

located lateral to the middle sensor. The sensors indirectly

Fig. 1 Five sensor locations on MOST mouthpiece custom-molded

to the hard palate
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measured strength as the amount of pressure exerted

between the tongue and the hard palate in units of hec-

topascals (hPa). This current study used the waveform

function of the device, which measured pressure with a

sampling frequency of 100 Hz. The waveforms were ana-

lyzed using functions in Excel and Matlab to determine the

maximum pressures at each sensor for each task.

Tasks

Tasks performed were sorted into two categories: isometric

pressure generation tasks and swallow tasks. Category

order was randomized as well as task order within each

category. The isometric category consisted of single-sensor

isometric press tasks at each sensor, and the swallow cat-

egory included saliva, 5 mL thin liquid bolus, and 10 mL

thin liquid bolus swallow tasks. Subjects were provided

with rest periods, and were provided verbal encouragement

(Table 1).

Tasks in the isometric category included three sets of

three maximum isometric presses at each individual target

sensor. Each press was held for 2 s with a 2- to 3-s break

between presses, and a 1-min break between sets. A 15-min

break was provided between the isometric and swallow

categories. Tasks in the swallow category included three

repetitions each of saliva, 5 mL thin liquid, and 10 mL thin

liquid swallows. Thin liquid boluses were room tempera-

ture water with a viscosity of *1cP. Subjects were pro-

vided with 2- to 3-s break between task repetitions, and a

1-min break between swallow tasks.

Statistical Analysis

For statistical analysis, a three-way ANOVA was per-

formed using SPSS with maximum pressure generated

dependent on independent variables of age group, sensor

location, and type of task [20]. Fisher’s least significant

difference (LSD) post hoc tests were performed. A nominal

p value of 0.05 was regarded as being statistically

significant.

Table 1 Categories, tasks, and repetitions

Category Task Sets Repetitions

Isometric Single-sensor

press

3 3 presses

\15 min break[
Swallow Saliva 1 3 swallows

5 mL thin liquid

10 mL thin liquid

Fig. 2 These graphs show MIP and MSP at the front and back sensors for all tasks in this study, with age group as the independent variable

graphed on the x-axis. Error bars throughout the Results section represent standard error
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Results

Age Groups by Task

For the single-sensor isometric pressure tasks (Fig. 2a),

MIPs significantly decreased between the young group

(21–40 years) and the old group (61–82 years) (p\ 0.04)

as well as between the middle group (41–60) and the old

group (p\ 0.003) at both the front and back sensors.

Saliva MSPs (Fig. 2b) decreased significantly between

the young and middle groups (p\ 0.04), and between the

young and old groups (p\ 0.05) at the front sensor. 5-mL

thin liquid MSPs (Fig. 2c) significantly decreased at both

the front and back sensors between the young and middle

groups (p\ 0.05) and between the young and old groups

(p\ 0.04). The 10-mL thin liquid MSPs (Fig. 2d) signifi-

cantly decreased at the back sensor between the young and

old groups (p\ 0.05).

Swallow Category by Age Group and Sensor

Location

In the young group (21–40 years) (Fig. 3a), saliva MSPs

were significantly greater than the 5-mL thin liquid MSPs

at the left sensor (p\ 0.03) and significantly greater than

10-mL thin liquid MSPs at the left, middle, and right

sensors (p\ 0.03). The 5-mL thin liquid MSPs also were

significantly greater than the 10-mL thin liquid MSPs at the

left sensor (p\ 0.03). For the middle group (41–60 years)

(Fig. 3b), saliva MSPs were significantly greater than the

5-mL thin liquid and 10-mL thin liquid MSPs at the back

sensor only (p\ 0.05). In the old group (61–82 years)

(Fig. 3c), saliva MSPs were greater than the 5- and 10-mL

thin liquid MSPs at the middle, left, and right sensors

(p\ 0.03). The difference did not reach significance at the

back sensor.

Isometric Versus Swallow Categories by Age Group

and Sensor Location

MIPs were greater than all MSPs in the young and middle

groups (p\ 0.04) at the front sensor, and greater than

MSPs for saliva and 5-mL thin liquid swallows in the old

group (p\ 0.04). The diminishment of swallow pressure

reserve, or the difference between MIP and MSP, was

greatest between the middle and old groups. At the back

sensor, MIPs were significantly greater than MSPs for the

young and middle groups (p\ 0.03) but there was no

significant difference for the old group. The swallow

pressure reserve decreased greatly between the middle and

old group, to the point where MIP was no longer signifi-

cantly greater than MSP in the old group (Fig. 4).

Discussion

Results of this exploratory study confirmed previous find-

ings that MIPs decrease with age [8–16]. However, con-

trary to previous results that showed no change in MSPs

[8–10, 12–16], MSPs in this study were found to decrease

with age. The difference in results between studies may be

due to variations in instrumentation and methodology used.

MSPs appear to decrease earlier in the life span and

slower than MIPs. Significant decreases in MSP were

found between the young and middle as well as the young

and old groups, whereas significant decreases in MIP were

found between the young and old as well as the middle and

Fig. 3 Each graph corresponds to an age group, and the sensor

location is the independent variable on the x-axis. Group 1 = young

(21–40 years); Group 2 = middle (41–60 years); Group 3 = old

(61–82 years). L left, M middle, O old
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old groups. Sensor locations of MSP decline also varied in

quantity and significance. While pressures at both the front

and back sensors decreased significantly during the 5-ml

thin bolus swallow, only pressures at the front sensor for

the saliva swallow and back sensor for the 10-ml thin

swallow decreased significantly. This suggests that pres-

sures produced during a specific task vary relative to bolus

parameters and swallow functional requirements, likely

due to changes in the physiological handling of the bolus

with variations in coordination and related muscle activa-

tion or to the way a bolus transfers the pressures. For

instance, older individuals have been found to hold a bolus

more posteriorly in the oral cavity [18]. Also, this finding

may reflect the predominance of fast twitch Type II fibers

in the anterior tongue and mostly slow twitch Type I fibers

used more for involuntary, propulsive bolus movements at

the posterior tongue.

The decrease in MSP shown to occur with aging is

important for improved understanding of risk factors for

dysphagia and definition of treatment parameters. Under-

standing this change, especially as it may relate to sar-

copenic changes at the periphery, is crucial to future efforts

to improve dysphagia prevention and treatment in older

adults. While it is uncertain at this point that the same

factors which cause a decrease in MIP generation also lead

to a decrease in MSP generation, it is clear that the two

decrease in parallel, while at different rates. These findings

suggest that the study of strengthening therapies in the older

population may be a logical and necessary step in dysphagia

prevention and intervention. Since MIP and MSP decrease

in parallel, strengthening the musculature that increases

MIP at the desired location has the potential to increase the

corresponding MSP. If MSP increases, which may be more

related to central nervous system innervation, do not occur

Fig. 4 MIP and MSP from all

tasks are graphed for the front

and back sensors, with age

group as the independent

variable on the x-axis. The

shaded shape represents

pressure reserve, which is

functionally defined as the

difference between MIP and

MSP. y young age group,

m middle age group, o old age

group
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with increases in MIP, the pressure reserve increase would

still be likely to decrease risk of dysphagia.

Additionally, data in this study show that saliva swal-

lows produce a different pressure pattern than non-saliva

swallows; saliva swallows result in lower pressures in the

front and higher in the middle and back than 5- and 10-ml

thin bolus swallows. As previously mentioned, it is likely

that the bolus distributes the pressures generated by the

tongue musculature over the palate in a pattern determined

by the size, shape, and consistency of the bolus, leading to

varying pressure patterns. Also, it is likely that the mus-

culature is activated differently in response to change in

parameters.

There were several limitations to this study. First, it did

not include videofluoroscopic evaluation, which may have

provided information regarding holding patterns for bolus

containment. Also, there were a majority of right-handed

subjects, which may affect the pressures applied to the

lateral sensors. Additionally, potential confounders (e.g.,

gender, medical history/diagnoses, smoking history) were

not accounted for in the statistical analyses.

The present work offers early steps toward improved

understanding of bolus effects on not only maximum

pressure generation, but also which muscles are recruited to

produce more pressure and in what pattern the pressures

occur as the bolus travels. Understanding pressures gen-

erated for specific bolus types and oral activities will

improve the ability to treat dysphagia with dietary alter-

ations and targeted strengthening therapy.

Finally, these data support that while both MIP and MSP

decrease with age, the greatest decrease found is the dif-

ference between them, the pressure reserve [21]. Findings

from previous studies examining decreases in pressure

reserve with age are conflicting [22, 23], which is likely

due to variations in methods used to collect pressures and

calculate reserve. In this study, both the front and back

sensors recorded a decrease in pressure reserve with age

between the middle and old groups. The findings may

reflect peripheral as well as central nervous system changes

over the lifespan that may not occur in parallel, identical

quantities. It has been found that increased white matter

hyperintensities occur with age as does brain atrophy [24–

26]. Little is known about further variability in these

mechanisms relative to aging. Since reserve is necessary

during times of physiological stress, the decrease found in

this study may put the older population at greater risk for

dysphagia. Increasing pressure reserve through strength-

ening therapy may play a role in decreasing the risk.
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