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Abstract

Purpose—Tongue base retraction during swallowing is critical to bolus propulsion in normal 

physiological swallowing. A better understanding of the hyoglossus and styloglossus, muscles 

thought to be key to tongue base retraction, will improve the quality of physical rehabilitation in 

dysphagic patients in addition to preventing iatrogenic damage to structures critical to deglutition. 

This study utilized muscle functional MRI in healthy adult human subjects in order to determine if 

the hyoglossus and styloglossus are active during swallowing.

Methods and Materials—Data were collected for 11 subjects with mfMRI before and after 

swallowing, and after performing the Mendelsohn maneuver. Whole-muscle relaxation time 

profiles (T2 signal in milliseconds) were calculated from weighted averages of multiple dual echo 

MRI slices, allowing for comparison of physiological response for the muscles in each test 

condition. Changes in effect size (Cohen’s d) of whole-muscle T2 profiles were used to establish 

whether or not the hyoglossus and styloglossus are utilized during swallowing and during the 

Mendelsohn maneuver.

Results—Post-swallowing effect size changes (where a d value of >0.20 indicates significant 

activity) for the T2 signal profiles of the hyoglossus and styloglossus were found to be d = 1.19 

and 0.22, respectively. The hyoglossus showed an effect size change of d = 0.26 for the 

Mendelsohn maneuver.

Conclusions—Muscle functional MRI indicates a physiological response of the hyoglossus and 

styloglossus during swallowing, and the hyoglossus during the Mendelsohn maneuver.
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1. Introduction

Swallowing difficulty poses a threat to health care status and quality of life. An improved 

understanding of the functional anatomy of swallowing will aid in the physical rehabilitation 

in dysphagic patients as well as the protection of these structures by surgeons operating in 

the head and neck or radiation oncologists treating head and neck cancer with Intensity 

Modulated Radiation Treatment. Deglutition is a complex process is described in three 

distinct phases including the oral, pharyngeal, and esophageal [1],[2]. At the initiation of the 

pharyngeal phase, retraction of tongue base provides thrust to the bolus to propel it through 

the hypopharynx into the esophagus. Reduced tongue base retraction has been associated 

with incomplete bolus clearance in head and neck cancer patients and is important to airway 

safety during swallowing [3]. Muscles underlying tongue base retraction are key elements of 

normal swallowing physiology.

The tongue is a hydrostat composed of intrinsic muscles including the superior and inferior 

longitudinal muscles, transverse muscle, and vertical muscle and is situated in the oral cavity 

and pharynx by extrinsic muscles including the genioglossus, hyoglossus, palatoglossus, and 

styloglossus. The genioglossus attaches the tongue to the mandible, palatoglossus attaches 

tongue to the palate, the hyoglossus attaches the tongue to the hyoid bone (along with the 

hyo-glosso-epiglottic ligament), and styloglossus attaches the tongue to the cranial base via 

the styloid process. Of these muscles, the hyoglossus and styloglossus are thought to be 

responsible for retracting the tongue base during swallowing (Fig. 1). Electromyography, a 

technique involving the use of hook wire electrodes to measure muscle activity, has been 

used to verify the hyoglossus and styloglossus in mammalian models [4],[5]. In humans, 

previous MRI studies have documented the deformation of the tongue muscles including the 

hyoglossus during speech via structural or cine-MRI [6],[7]. However, no previous reports 

have verified the activity of the styloglossus and hyoglossus muscles in human swallowing.

The aim of this study is to determine if the styloglossus and hyoglossus underlie tongue base 

retraction associated with deglutition in humans. Our working hypothesis is that these two 

muscles show an increased physiological response post-swallowing tasks compared to 

baseline as determined by muscle functional magnetic resonance imaging (mfMRI). The 

physiological response of the styloglossus and hyoglossus will be determined by comparing 

T2 signal profiles of muscles: at baseline with post-swallowing; and at baseline with post 

swallowing exercise (Mendelsohn maneuver). While electromyography is a widely used 

method for studying local muscle activity [8], mfMRI is less invasive and allows for 

determination of whole muscle response that are often difficult to access in human subjects.

2. Methods and Materials

Eleven healthy subjects were recruited and consented to the study. Of the 11 subjects, 5 

were female and 6 were male, all of them between 22 and 30 years of age (mean age, 25). 

The Boston University Medical Campus Institutional Review Board originally provided 

ethics approval for this research protocol; the present study was executed through a data 

sharing agreement and the approval of the Georgia Regents University Institutional Review 

Board.
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Subjects were trained by the speech language pathologist to perform the Mendelsohn 

maneuver exercise in the supine position in preparation for positioning required for image 

acquisition in the MRI scanner. Fiber-optic Endoscopic Examination of Swallowing (FEES) 

was used to verify normal swallowing physiology and performance of the Mendelsohn 

maneuver. Prior to scanning, subjects were instructed to perform exercises using visual cues, 

carried out by projecting PowerPoint presentation slides (Microsoft Corporation, Redmond, 

WA) into the scanner with mirrors. Repetitive swallowing was self-selected via tubing 

connected to a reservoir of magnesium infused thin liquid bolus (non-carbonated sports 

drink).

MR image acquisition was performed without intravenous contrast using a 3 Tesla Achieva 

MRI scanner (Philips Corporation, Andover, MA) and a 16 channel neurovascular coil. T1-

weighted MRI scans were taken in 3 planes for structural cross-referencing with the muscle 

function imaging. The muscle functional acquisitions were contiguous 4 mm axial scans 

collected from the cricoid to the hard palate utilizing a spin-echo sequence with a repetition 

time (TR) of 2500 msec and dual echo times (TE) of 17.8 and 80 msec. Separate image 

series were taken for each subject before swallowing tasks as a baseline T2 muscle profile 

measurement, after 8 repeated swallows, and after performing 8 Mendelsohn maneuvers for 

5 seconds each. A resting period of 20 minutes between sets of exercises was allotted for 

each subject. To verify performance of swallowing tasks, a two-planar (coronal and sagittal) 

dynamic MRI scan (T1-weighted fast gradient echo sequence with TE/TR of 0.9/2.4 msec, 

10-mm slice thickness, and temporal resolution of 8.3 fps) was also acquired.

Using semi-automated muscle segmentation for each slice of each image series 

corresponding to the subject and task, the investigator was able to determine mean signal 

intensity values for both long and short TE image types. Muscle segmentation was carried 

out using Osirix digital imaging and communication in medicine software (http://

www.osirix-viewer.com/). With each slice of each image series, the investigator first 

selected a seed point. The confidence algorithm for the growing region of interest compared 

the signal intensity of the selected voxel, and compared the surrounding 8 voxels in the slice 

to the center voxel, using the multiplier parameter as the standard deviation and the average 

signal intensity of the 9 voxels. The multiplier parameter was set at 1.0 standard deviation 

for larger muscle segments and at 0.5 for smaller muscle segments for selection sensitivity. 

The plug-in then selected voxels that fell within the specified multiplier distance from the 

mean, and continued selecting voxels surrounding those initial voxels based on the initial 

seed point signal intensity average and multiplier (Fig. 2). The result was a portion of tissue 

of similar signal intensity resembling the anatomy selected. After selections were made, the 

investigator could accept or reject segmentation selections based on whether or not the 

selections were maintained within the boundaries of the muscle of interest. In this way, 

voxels representing muscle tissue versus other tissue types we segmented. The regions of 

interest for each long TE slice were then copied to the corresponding short TE slice. By 

recording signal intensities of the long TE and short TE dynamics separately, the 

investigator remained blinded to the T2 value of the segmentation. The styloglossus and 

hyoglossus were segmented at every discernable level for each test condition (baseline, post-

swallow, and post Mendelsohn maneuver). For consistency, the investigator only segmented 

muscles on the right side of the subject (Fig. 3).
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Using T1 weighted images in three planes to verify the hyoglossus and styloglossus, a 

protocol for muscle segmentation was developed as follows. To segment the hyoglossus, the 

hyoid bone was first identified. Advancing one or two slices superiorly (4–8 mm), the 

submandibular gland, mylohyoid, submandibular duct, posterior belly of the digastric, and 

hyoglossus could be distinctly identified. Muscle segmentation began at that level, 

continuing superiorly as the muscle body locates anterosuperiorly to its attachment sites on 

the tongue and styloglossus. Segmentation for the hyoglossus specifically ended one slice 

before the styloglossus was visualized extending posteriorly to the tongue. Styloglossus 

muscle segmentation began at the most clearly distinguishable inferior attachment site, 

which was at or 1 slice inferior to where hyoglossus muscle segmentation ended, with the 

styloglossus attaching to the hyoglossus posteriorly. Segmentation then continued 

superiorly, with the largest segmentation area being the muscle fibers sweeping posteriorly 

to the tongue. As the styloglossus was followed more superiorly, the muscle belly became 

smaller, tracking around the medial pterygoid muscle posterolaterally until reaching its 

common attachment point with other styloid muscles. The styloglossus was not segmented 

at the styloid process to avoid inclusion of other muscles.

To test intra-rater reliability, 25% of subjects were re-segmented and signal intensities and 

segmentation centroid coordinates were compared. Pearson correlations indicated a 

reliability of r=.998 and r=.996 for signal intensities for hyoglossus and styloglossus 

respectively. Centroid location results were r=.93 r=.98, for x and y hyoglossus coordinates 

respectively, and r=.91, r=.86 for x and y styloglossus coordinates respectively.

To control for size variation of muscles from slice to slice, a T2 whole muscle profile was 

calculated by weighting the mean signal intensity of each slice with the number of voxels 

selected against the total number of voxels in the muscle across multiple slices. The whole 

muscle T2 profile for each muscle was then calculated using the following formula for each 

test condition:

where T is the calculated T2 value, TElong as 80 msec, TEshort as 17.8 msec, SIshort as the 

mean weighted signal intensity of the TEshort images, and SIlong as the mean weighted signal 

intensity of the TElong images.

Negative and positive control data of the physiological response using whole muscle T2 

profiles from this data set was reported in a previous study [9]. The negative control 

compared sternocleidomastoid muscles at baseline and post-swallowing and found no 

significant changes. A positive control was also incorporated as a bite down task including 2 

subjects that showed significant increases in the response of the masseter muscle.

Comparisons of muscle activation between baseline and post-swallowing task conditions 

were made using a repeated measures Cohen’s d to evaluate effect size changes [10]. 
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Cohen’s d value significance was set at greater than 0.20, and post hoc corrections to effect 

sizes were made for a sample size of less than 20.

3. Results

Whole muscle T2 signal profile means and standard deviations for the hyoglossus and 

styloglossus under each condition (baseline, post-swallowing and post Mendelsohn 

maneuver) are reported in Table 1. Effect size changes in whole muscle T2 signal profile for 

hyoglossus was d=1.19 for baseline vs. post-swallowing groups and d=0.26 in baseline vs. 

post Mendelsohn maneuver groups. Effect size changes in whole muscle T2 signal profile 

for styloglossus was d=0.22 for baseline vs. post-swallowing groups and d=0.06 in baseline 

vs. post Mendelsohn maneuver groups.

4. Discussion

Effect size changes in this sample indicate that styloglossus and hyoglossus are active during 

swallowing in humans. These findings are consistent with what has been found in animal 

models using electromyography [11],[4]. MRI has been used in humans to measure 

directional strain in the tongue implicating the styloglossus and hyoglossus in swallowing 

[12]. The present study supports the findings of these prior studies.

The styloglossus showed a small effect size change following the swallowing task as 

compared to the baseline. Small effect size changes in the styloglossus likely indicate a 

small physiological response that correlates with efficient muscle use in normal physiology 

as documented in other swallowing muscles [9]. It is plausible that the physical constraint of 

subjects swallowing in the supine position allows for a bolus to fall into the hypopharynx 

without strong recruitment of the styloglossus. Kitamura and colleagues found that when 

comparing tongue position in upright vs conventional MRI scanners, the tongue was 

retracted by gravitational forces in the supine position [13].

A large effect size change was found in the hyoglossus muscle with the comparison of 

baseline and post-swallowing tasks. Such a difference in effect size compared to the 

apparent efficiency of the styloglossus suggests a larger effort of the hyoglossus. It is likely 

that this larger response correlates with the experimental set up wherein a subject self-selects 

bolus sizes through a tubing apparatus requiring some suction. An electromyography study 

in pigs found heightened hyoglossus activity during suck-swallow cycles [4]. The combined 

suction and swallowing activities may have then increased the whole muscle T2 profile of 

the hyoglossus, in turn causing the effect size change to be much larger in the post-swallow 

task compared to styloglossus.

Significant differences were not seen between the baseline and Mendelsohn maneuver for 

the styloglossus though small effect size changes were found for the hyoglossus. Lazarus 

and colleagues found that several exercises including the supersupraglottic swallow, 

effortful swallow, Mendelsohn maneuver, and tongue-hold maneuver improved tongue base 

retraction function [14]. In a previous study the Mendelsohn maneuver was shown to recruit 

muscles underlying hyolaryngeal elevation excepting the geniohyoid [9]. This evidence 

seems to suggest that the styloglossus may only be recruited for swallowing tasks that 

Gassert and Pearson Page 5

Magn Reson Imaging. Author manuscript; available in PMC 2017 February 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



include tongue base retraction whereas the hyoglossus is likely to be multifunctional. It may 

be that the tongue hold maneuver would specifically target the styloglossus [15]. Muscle 

functional MRI would be a useful method to determine what which muscles or muscle 

groups are targeted by rehabilitative exercises.

5. Conclusions

This study utilized muscle functional magnetic resonance imaging to calculate whole muscle 

T2 profiles to compare baseline, post-swallowing, and post Mendelsohn maneuver tasks to 

determine the physiological response of the hyoglossus and styloglossus to swallowing tasks 

in humans. This methodology allows for the analysis of muscles not easily accessible in 

humans by hook wire electrodes necessitated by electromyography. The hyoglossus and 

styloglossus muscles were shown to be active during swallowing and the hyoglossus during 

a swallowing exercise known as the Mendelsohn maneuver.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1. 
Hyoglossus and Styloglossus Locations and Attachment Sites. The hyoglossus originates 

from the hyoid bone and attaches to the tongue and styloglossus. The styloglossus originates 

from the styloid process at the base of the skull and inserts posteriorly to the hyoglossus and 

tongue.
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Figure 2. 
Semiautomated muscle segmentation. The “growing region of interest” interface in Osirix 

uses the 9 voxels immediately surrounding (outer box) and including a seed point (inner 

box) selected by the investigator. The algorithm determines the means and standard 

deviations of signal intensities of these 9 voxels then selects all neighboring voxels falling 

within a standard deviation of the mean (in purple). The principle is that tissue types with 

similar signal intensities to the seed point will be segmented while other tissue types are 

excluded, allowing for the analysis of the muscle tissue.
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Figure 3. 
Hyoglossus segmentation example. At one slice level, the completed segmentation of the 

hyoglossus on the right side of the subject will appear as shown. The voxel selections made 

by the semiautomated muscle segmentation algorithm in Osirix were accepted or rejected 

until the final segmentation fit distinct muscle boundaries in the axial T2-weighted MR 

image series.
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Table 1

Whole Muscle T2 Signal Profile Means and Standard Deviations by Task

Muscle Task Mean (msec) Standard Deviation

Hyoglossus Baseline 48.49 2.11

Post-Swallowing 50.37 3.16

Post-Mendelsohn 49.03 4.39

Styloglossus Baseline 47.46 1.83

Post-Swallowing 47.95 3.19

Post-Mendelsohn 47.59 3.02
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