
1. Introduction

Timely and adequate hyoid bone movement is an essential

component of the swallowing movement under normal physiologic

conditions.1 The hyoid bone is a suspended bone that connects to

the thyroid cartilage and mandible bone through ligaments and

muscles (e.g., mylohyoid, geniohyoid, digastrics, hyoglossus).2 The

anterior and superior excursion of the hyoid bone due to the con-

traction of the attached skeletal muscles is important for effective

bolus flow and pharyngeal clearing.1

Dysphagia has become one of the pivotal issues recently due to

the increased number of elderly people, and the potential for in-

creased risk of pneumonia from dysphagia with frequent aspiration.

The extent of the hyoid movement has been reported to be ad-

versely associated with age,3 and clinicians have considered de-

creased hyoid movement distance to be a factor contributing to

aspiration or residue.3�6

However, other studies have found a wide range in hyoid

movement distance in the healthy population and have failed to

establish a clear relationship between aspiration and reduced

hyoid movement distance.7,8 As a result, attention has been re-

directed to parameters that capture spatiotemporal aspects of

hyoid movement including velocity, which is the rate of change in

hyoid position over time, measured in a single plane (i.e. anterior or

superior) or speed, which is the two-dimensional equivalent, mea-

sured along the hypotenuse. Several recent studies suggest that

hyoid speed may differ between healthy and pathological swallows,

with the latter having significantly reduced speed.5,9 Nevertheless,

most of these studies involved videofluoroscopy recordings, which

cannot be performed at the bedside and put the participants at risk

for radiation exposure. Furthermore, the barium used in video-

fluoroscopic images is not identical to the real food bolus. Also, most

of the studies on hyoid speed of healthy swallowing recruit young

adults.9�11 The effects of age on hyoid speed have not been in-

vestigated thoroughly.

In our previous work, we have demonstrated that submental

ultrasonography is a reliable and accurate method for assessing

hyoid bone movement and could aid dysphagia screening and evalu-

ation12 In this work, we utilized an ultrasonographic machine to in-

vestigate the effects of age on the speed of hyoid bone movement by

using bolus of different consistencies.

2. Design and methods

2.1. Participants

This study was approved by the Ethics Committee of National
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post-hoc analysis only showed a significant difference between the 20-39 and above 65 age groups

when the participants swallowed moderately thick juice.
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speed during swallowing. The result adds to the current understanding of swallowing dynamics and the

adaptive physiological mechanisms that take place when the age increases. We will analyze the hyoid
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Taiwan University Hospital, Taipei City, Taiwan. Written informed

consent was obtained from each participant. Between January 2017

and September 2017, 97 healthy adult volunteers, 45 males and 52

females, were studied in three stratified age groups: 20–39 (mean =

29.3, SD = 4.0; n = 35 with 25 males and 10 females), 40–64 (mean =

50.8, SD = 5.6; n = 32 with 10 males and 22 females), and above 65

(mean = 73.9, SD = 6.1; n = 30 with 10 males and 20 females) years

old. The subjects had no history of swallowing difficulties, or any

medical conditions that might affect deglutition.

2.2. Ultrasonographic examination

This study used a self-designed ultrasonographic machine with

a curvilinear transducer (Convex Array, 3.75 MHz, P701-C04; LELTEK

Corporation, Taipei City, Taiwan). The machine was connected to a

laptop computer, placed on a cart, and could be easily used at the

bedside (LT701 ultrasonographic machine, LT701-000; LELTEK Cor-

poration). The result of each ultrasonographic examination was

recorded as a series of dynamic images. Images were recorded at a

frame rate of 30/s. Connection of the machine to the laptop enabled

prompt storage of the dynamic images. Participants were assessed

when sitting upright comfortably, with their heads leaning back on

the chair. The transducer was placed in the midsagittal plane at the

submental area (Fig. 1A). We capped a self-designed water bag on

the transducer to improve the contact between the skin and the

transducer (Fig. 1B, C). Participants were instructed to hold their

head steady during swallowing. Each participant swallowed 10 mL of

juices of 3 different consistencies:

Mildly thick, 50 mL of apple juice mixed with 0.6 gram of RE-

SOURCE� THICKENUP CLEAR� (0.012 g/mL), International Dys-

phagia Diet Standardization Initiative (IDDSI) level 2.

Moderately thick, 50 mL of apple juice mixed with 1.2 gram of

RESOURCE� THICKENUP CLEAR� (0.024 g/mL), IDDSI level 3.

Extremely thick juice, 30 mL of apple juice mixed with 1.2 gram

of RESOURCE� THICKENUP CLEAR� (0.04 g/mL), IDDSI level 4.

Our swallow materials, composed of juice with RESOURCE�

THICKENUP CLEAR� (xanthan gum based product) as a thickening

agent, were prepared with precision controls for consistency (Fig. 2).

We read the consistencies 10 seconds after we put the sample to

test. We repeated every task for 3 times and took the mean value. All

boluses were of room temperature (25 degree Celsius), calibrated in

amount, and presented via syringes. We prepared the boluses 15

minutes prior to the trials on participants.

Subjects were instructed to begin upon (not before) the verbal

command to swallow, try to complete each given task in a single

swallow, and relax the tongue to the floor of the mouth immediately

after each swallow. Two trials of each task were carried out. Hyoid

bone movement during swallowing was recorded and later analyzed

frame by frame. We took the best performance out of the two trials

of each task. From the measured event timing and coordinate

changes, two dependent variables were derived:

Start-to-max duration (s): interval from the onset of swallow-

related hyoid motion to the first moment of maximal displacement

in the forward movement trajectory.

Maximal hyoid bone displacement (mm): maximal two-dimen-

sional displacement in the forward movement trajectory, relative

to the hyoid position at the start of its swallow-related motion; the

distance between the starting and the ending points in the forward

movement trajectory, calculated from the measured X and Y co-

ordinates as the square root of the sum of squares.

The speed of hyoid movement was calculated as the maximal

hyoid bone displacement divided by start-to-max duration (mm/s).

Fig. 3 shows the structures observed in the submental ultra-

sonography at the midsagittal plane. The position of the mandible

and the hyoid bone was identified on the scan as a high echoic area

with a posterior acoustic shadow. The mandible was used as the

reference point to calculate the maximal hyoid bone displacement

(Fig. 3A). The reference point was defined as the anterior border of

the bottom of the acoustic shadow of the mandible. Using a two-axis

coordinate system, the position of the hyoid bone in relation to the

mandible in each frame was represented as coordinate pairs. The

distance between two coordinates before and during swallowing

denoted the hyoid bone displacement (Fig. 3B). The software em-

ployed in this study was developed using the C Sharp programming

language (Microsoft Visual Studio 2015; Microsoft, Redmond, WA,

USA).

The measurements of hyoid movement were made by a phy-

sician who has undergone training on temporal measurements using

our software. The physician making the measurements of hyoid

movement was blinded to the task at the time of making the mea-

surement.

2.3. Statistical analysis

Statistical tests were conducted using IBM SPSS software (SPSS

Statistics 20.0; SPSS Inc., Chicago, IL, USA), and p < 0.05 was con-

sidered to indicate significance. Differences among age groups

were analyzed for the speed of hyoid movement during swallowing.

Our participant subgroups were not sex-balanced, and we inves-

tigated the possible interaction between age, sex and consistency
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Fig. 1. Submental ultrasonographic examination.
Fig. 2. Three different consistencies of juices that each participant swal-

lowed.



by using a two-way analysis of variance (ANOVA) for repeated mea-

sures with consistency as the within-subject variable, and age and

sex as between subject variables. Wilk’s Lambda was used to deter-

mine the significance (p < 0.05).

3. Results

In terms of inter-rater reliability, designated swallows of 25

randomly selected participants (25.8%) when they took 10 mL of

moderately thick juice were re-analyzed for inter-rater reliability by a

second independent rater. The second rater was a speech language

pathologist who has undergone training on temporal measurements

using our software. Intraclass correlation coefficient (ICC) was cal-

culated to determine the relationship between the first and second

measurements. The ICC value obtained was 0.845 (p < 0.01), in-

dicating excellent reproducibility.

The speed of hyoid bone movement, including mean values and

measures of dispersion (standard deviation and 95% confidence

interval boundaries), when the participants swallowed 10 mL of

juices of 3 different consistencies was shown in Table 1. The average
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Fig. 3. Calculation of the hyoid bone displacement with a self-designed program.

Table 1

The speed of hyoid bone movement when the participants swallowed 10

mL of juices of 3 different consistencies.

Mean SD 95% CI

Mildly thick

Age

20�39 38.7 15.45 33.43�44.05

40�64 31.7 13.19 26.93�36.43

Above 65 31.3 12.14 26.76�35.82

Moderately thick*

Age

20�39 34.5 12.86 30.03�38.87

40�64 30.3 11.72 26.08�34.53

Above 65 27.0 09.10 23.55�30.35

Extremely thick

Age

20�39 37.2 12.07 33.02�41.32

40�64 36.0 15.66 30.33�41.63

Above 65 29.9 11.29 25.71�34.14

Unit of the speed: mm/s.

* Significant difference between the 20�39 and above 65 age groups in

moderately thick consistency.



speed of hyoid bone movement when the participants swallowed 10

mL of moderately thick juice was 34.5 mm/s, 30.3 mm/s, and 27.0

mm/s in the 20�39, 40�64, and above 65 age group, respectively (p

< 0.05). The post-hoc analysis showed a significant difference be-

tween the 20�39 and above 65 age groups. The average speed of

hyoid bone movement when the participants swallowed 10 mL of

extremely thick juice was 37.2 mm/s, 36.0 mm/s, and 29.9 mm/s in

the 20�39, 40�64, and above 65 age group, respectively (p = 0.07).

The average speed of hyoid bone movement when the participants

swallowed 10 mL of mildly thick juice was 38.7 mm/s, 31.7 mm/s,

and 31.3 mm/s in the 20�39, 40�64, and above 65 age group. No sig-

nificant difference was observed in the comparison of different age

groups.

As for the possible effect of sex-imbalance on our results, there

was no significant difference regarding the hyoid speed between

male and female in all three kinds of consistency. In addition, there

was no interaction among age, sex and consistency.

The results showed an overall trend of reduced hyoid move-

ment speed during swallowing in older participants. However, the

post-hoc analysis only showed a significant difference between the

20�39 and above 65 age groups when the participants swallowed

moderately thick juice.

4. Discussions

Our study reveals an influence of age on the speed of XY hypo-

tenuse hyoid movement, reflected by decreased, i.e., slower, hyoid

movement speeds in the elderly. The reason might be that atrophy

of the surrounding muscles (digastric muscle, mylohyoid muscle,

stylohyoid muscle, geniohyoid muscle) results in less tension and in

loosening of ligaments during swallowing.13 Also, sensory function

changes with age and is influenced by declining perception of spatial

tactile recognition on the lip and tongue, diminished perception of

consistency in the oral cavity, poorer oral stereognosis, and reduc-

tions in taste perception with increasing age.14

Dysphagia is a common problem in older individuals, which

occurs in 15�22% of community-dwelling persons over 50 years of

age.15�17 While the etiology of aspiration pneumonia is multi-

factorial, there is a strong association between dysphagia and the

development of aspiration pneumonia.18 It has been suggested that

the increased incidence of pneumonia with aging may be a con-

sequence of impairment of swallowing and the cough reflex.19

From our results, one may expect to find a decreased hyoid speed in

the elderly. However, the connection between the decreased hyoid

speed and dysphagia or even aspiration pneumonia in the elderly

needs more clarifications.

The speed of hyoid movement might be governed by the

functional goal of closing the laryngeal vestibule in a timely manner

for the sake of preventing aspiration.5,9 The motion of the hyoid

bone has been reported as an important factor involved in the swal-

lowing mechanism that includes tongue movements, and the open-

ing of the upper esophageal sphincter.20 The epiglottis is involved in

the closure of the airway, and if the glottic and supraglottic pro-

tective mechanisms fail, or are not coordinated with bolus as it

moves through the pharynx, aspiration can occur.21 The duration of

supraglottis closure, and the maximal vertical excursion of the hyoid

bone were increased in older subjects, more than 65 years of age,

compared to younger subjects.22 This might reflect a compensatory

mechanism to improve airway protection in the elderly.

Previous studies evaluating hyoid speed in normal swallowing

used lateral projection videofluorography.9�11 In our previous work,12

we tried to verify the reproducibility of using ultrasonography to

evaluate hyoid bone displacement during swallowing through the

assessment of inter- and intrarater reliability and examine its ac-

curacy by comparing the results with videofluorography. We de-

monstrated that submental ultrasonography is a reliable and ac-

curate method for assessing hyoid bone movement. Also, using

ultrasonography to evaluate hyoid bone movement comes with the

advantage of avoiding radiation exposure. It can be easily performed

at bedside and uses real food as a test material.

Compared with previous studies, the value for hyoid speed

when our 20�39 age group participants swallowed mildly thick juice

(38.7 mm/s, 95% confidence interval: 33.4�44) was similar to the

anterior hyoid burst movement speed reported by Nagy et al. in

2014 (37 mm/s, 95% confidence interval: 32�41).9 The value for

hyoid speed when our above-65 age group participants swallowed

mildly thick juice (31.3 mm/s, 95% confidence interval: 26.8�35.8)

was also similar to the mean speed of hyoid excursion when the old

participants swallowed 10 mL of thin liquid boluses reported by

Ragland et al. in 2016 (30.2 mm/s, SD = 1.92).23 Our results were

compatible with the study conducted by Ragland et al. They found

the speed of hyoid excursion in older populations was significantly

slower than in younger ones, and there was no sex difference or

interaction in the speed of hyoid excursion.23 Another study con-

ducted by Yabunaka et al. also supported our result.13 They used

ultrasonography to evaluate hyoid bone movement trajectories and

the age-related changes during swallowing in healthy subjects. They

suggested that average swallowing duration increased with age, and

the measurement of the maximally elevated point of the hyoid bone

decreased with age. We further demonstrated that the trend of

decreased hyoid speed as the age increased could be observed in

all three kinds of consistencies (mildly thick, moderately thick, and

extremely thick). Compared with previous studies using ultrasono-

graphy to evaluate hyoid movement,13,24 our self-designed water

bag, which was capped on the transducer, prevented the hard

transducer from over-pressing thyroid cartilage and hyoid bone. It

provided the subjects with a more comfortable environment for

natural swallowing.

Our study illuminates the use of ultrasound in providing quan-

titative measures of speed of hyoid movement during swallowing.

The result adds to the current understanding of swallowing dy-

namics and the adaptive physiological mechanisms that take place

when the age increases. With this powerful tool, we can analyze the

speed of hyoid bone movement in those with dysphagia of various

pathologies.

5. Conclusions

The results demonstrated that the speed of hyoid movement

during swallowing decreased as the age increased. However, the

post-hoc analysis only showed a significant difference between the

20-39 and above 65 age groups when the participants swallowed

moderately thick juice.
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