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Abstract Changes in morphometry of head and neck

muscles have received little attention in research relative to

limb muscles. While recent literature suggests that high-

frequency ultrasound transducers can provide superior

spatial resolution compared to that of magnetic resonance

imaging (MRI), no studies have compared these imaging

methods for investigating the submental muscle group.

This preliminary study sought to compare ultrasound and

MRI as a method of quantifying the cross-sectional area

(CSA) of the submental muscle group. Measurements were

taken from coronal ultrasound and MRI images in 11

healthy participants. Comparisons were limited to the

anterior belly of the digastric muscle because of differences

in imaging resolution. Ultrasound CSA measurements were

smaller than MRI measurements (p = 0.01) by 10 %

(95 % CI = -18 to -2). Correlations were significant and

relatively high (left: r = 0.909, p \ 0.001; right:

r = 0.776, p = 0.005). Ultrasound imaging has the

advantages of natural participant positioning, superior

clarity of muscle borders of the submental muscles,

requires less acquisition time, and is a less expensive

method of imaging compared to MRI. This preliminary

study has shown that ultrasound is a viable imaging

modality for quantitative measurements of the anterior

belly of the digastric muscle and has advantages over MRI

beyond cost and accessibility.
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Muscle morphometry has been assessed using a variety of

imaging techniques, including magnetic resonance imaging

(MRI) [1–6], computed tomography (CT) [7–10], and

ultrasonography (US) [6, 11–19]. Exposure to ionizing

radiation poses an ethical barrier to research when using

radiographic imaging to investigate muscle size in nonpa-

tient populations, thus encouraging the use of techniques

that rely on noninvasive methods. While MRI eliminates

this exposure, it is a costly method of investigation for

researchers. Ultrasound is another way to investigate

muscle size, eliminating many issues that surround the use

of CT and MRI.

While two-dimensional calculations made with ultra-

sound are reportedly reproducible for swallowing muscles

[20] and are valid for limb muscles [21], no studies have

compared submental muscle cross-sectional area (CSA)

measurements made from ultrasonographic and MRI
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images. While historically MRI was considered superior to

ultrasound in regard to spatial resolution for limb muscles

[22, 23], modern day high-frequency linear transducers used

in musculoskeletal ultrasound imaging can achieve superior

spatial resolution compared to that of MRI [24, 25].

This preliminary study aimed to compare the CSA of the

submental muscles obtained from both ultrasound and MRI

images to see whether superior muscle definition can be

achieved with ultrasound imaging. By assessing the capa-

bility of ultrasound to demarcate these muscles, we wished to

provide preliminary evidence that ultrasound is a viable

method of documenting CSA of the submental muscles. If

ultrasound provides superior definition compared to MRI,

changes in oral musculature that result from factors such as

exercise or atrophy secondary to disease or aging can be

investigated with reduced cost and time compared with MRI.

Methods

Participants

Eleven healthy volunteers (2 males and 9 females, age

range = 20–42 years) were recruited for one session.

Participants had no history of surgery or disease affecting

the head and neck musculature. Ethical approval was

obtained from the appropriate regional health research

ethics committee, and informed consent was obtained prior

to commencement of data collection.

Procedure

In the absence of previous literature documenting optimal

methods and parameters for MRI and ultrasound imaging

of the submental muscles, various sequences (MRI) and

settings (ultrasound) were tried until subjective consensus

was reached between the researchers on which provided

the clearest images for each method.

MRI

Three-dimensional coronal oblique T2-weighted images

(TE/TR = 87.8/3,000 ms, TI = 0 ms, flip angle = 90�,

acquisition matrix = 288 9 192 9 36, reconstruction

matrix = 512 9 512 9 36, field of view [FOV] = 160 9

160 mm2, slice thickness = 3 mm, voxel size = 0.31 9

0.31 9 3.00 mm3) were acquired on a 3-T GE HDx

scanner (GE Healthcare, Waukesha, WI, USA) with an

8-channel head coil. While T1-weighted images provide

high-resolution anatomical images, T2-weighted images

provide superior contrast. Because the CSA for each

muscle was manually traced using electronic calipers, high-

resolution T2-weighted images were selected to provide

greater differentiation of the muscle boundaries. Partici-

pants were supine in the MRI scanner, with the head and

neck placed within the head coil fixed to the scan table.

Participants were asked to remain stationary and inhibit

swallowing for the duration of the 3-min scan.

Ultrasound

A Philips (Philips Healthcare, Surrey, UK) IU22 ultraso-

nography instrument was used with a 12–5 MHz linear

array transducer to acquire gray-scale images of the sub-

mental muscles in a coronal plane. Images of the submental

muscles were acquired with the participant sitting upright.

Participants were instructed to sit comfortably and relax

their head in a neutral position. Once the participant

achieved this posture, they were asked to maintain it while

the transducer was placed under the chin and not to

accommodate the transducer by flexing the neck. A gen-

erous amount of Aquasonic 100 ultrasound conductive gel

was placed over the transducer, which was then placed

perpendicular to the submental muscle group, with minimal

pressure to ensure that transducer pressure did not distort

muscle structure [15]. The transducer was placed in a

coronal plane, approximately midway between the mentalis

of the mandible and the superior palpable edge of the

thyroid cartilage. Depth settings were tailored to accom-

modate individual anatomy, and gain settings were adjus-

ted to allow optimal visualization of muscle borders.

Images were recorded at between 30 and 34 frames/s,

depending on the depth, focus points, and two-dimensional

(2D) gain applied to the individual’s image.

Measurements were derived from both techniques offline.

Data Analysis

All images were imported into the DICOM viewing soft-

ware OsirixTM. The zoom function was used to enlarge the

muscles of interest to approximately the same size on both

the MRI and the ultrasound images. Although unable to

ensure that the exact same section of muscle was being

measured across the MRI and the ultrasound images for

each person, the following steps were taken in an attempt

to measure the same muscle section from each method.

MRI images obtained coronal slices of the entire length of

the submental muscles. The images were reviewed offline

and the total number of slices which included any portion

of the anterior belly of the digastric was counted. The

midslice (in the case of an odd total number of slices) or

the two midslices (in the case of an even total number of

slices) of the scan were selected for measurement of the

CSA. Coronal ultrasound images were taken at the mid-

point between the mentalis of the mandible and the supe-

rior palpable edge of the thyroid cartilage in an attempt to
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image the middle of the muscle belly. Therefore, the

midslice(s) on MRI was used in an attempt to measure the

same muscle section imaged using ultrasound. Continuous

trace callipers available in the OsirixTM software were used

to outline the left and the right belly of the anterior belly of

the digastric muscle, from which the software automati-

cally generates a 2D quantity in cm2.

Statistical Analysis

Means and standard deviations were calculated for each

belly of the anterior digastric muscle for both methods. A

linear mixed-effects model [26, 27] was used to compare

values obtained by ultrasound and MRI for the left and the

right anterior belly of digastric muscle. Pearson correlation

coefficients were used to determine the relationship

between the measures obtained by the two methods.

Results

The aim of this study was to compare CSA values obtained

by MRI and ultrasound for all submental muscles. How-

ever, the geniohyoid and mylohyoid muscle boundaries

could not be visualized sufficiently to allow measurement

of the CSA from MRI images (Fig. 1); hence, no com-

parison could be made for these muscles, although these

measurements could be obtained from ultrasound images

(Fig. 2). CSA measurements of the mylohyoid muscle were

not possible using ultrasound images (Fig. 2), as the lateral

borders of the muscle were not visible. Therefore, only

calculation of one-dimensional (1D) thickness of the

mylohyoid was possible from ultrasound images (Fig. 2).

As the clarity of the mylohyoid muscle was not sufficient to

measure 1D thickness using MRI images (Fig. 1), analysis

was limited to comparison of the anterior belly of the

digastric muscle.

The mean (±SD) CSAs (cm2) for each muscle belly

derived from MRI were 0.96 ± 0.23 (left) and 0.97 ± 0.27

(right), and from ultrasound they were 0.87 ± 0.19 (left)

and 0.86 ± 0.21 (right). A scatterplot of the values for the

left and right anterior bellies is shown in Fig. 3. Ultrasound

CSA measures were smaller than MRI measures by

-0.10 ± 0.12 (95 % CI = -0.18 to -0.02, p = 0.01).

There was a mean difference of 0.0 ± 0.025 cm2 between

the left and right muscles (95 % CI = -0.08 to 0.08,

p = 0.96). Pearson correlation coefficients for the left

(r = 0.909) and the right (r = 0.776) measurements of

CSA by MRI versus ultrasound were significant (p \ 0.001

and p = 0.005, respectively).

Discussion

This is the first study to correlate the measurement of the

CSA of the anterior belly of the digastric muscle acquired

using ultrasound with that acquired by MRI. The results

Fig. 1 Coronal image of the submental muscle group obtained using

MRI. Anterior bellies of digastric muscles are labeled ‘‘A’’

Fig. 2 Coronal image of the submental muscle group obtained using

ultrasound: Anterior bellies of digastric muscles are labeled ‘‘A,’’

mylohyoid muscles are labeled ‘‘B,’’ and geniohyoid muscles are

labeled ‘‘C’’

Fig. 3 Scatterplot comparing values for ultrasound with MRI for

both the left and the right anterior belly cross-sectional area (CSA).

Solid line represents the line of best fit for CSA measures
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suggest that measurements of the CSA of this muscle

acquired from ultrasound images are highly correlated with

those obtained from gold standard MRI images. Further-

more, ultrasound was found to be superior in some aspects

of measurement, thus calling into question the application

of MRI for quantification of CSA of this specific muscle.

Overall, the results from this study provide confidence in

the use of ultrasound for the measurement of the anterior

belly of the digastric muscle. Additionally, despite being

unable to compare measurements of the geniohyoid and the

mylohyoid muscles across imaging modalities, the CSA of

the geniohyoid and the thickness measurements of the

mylohyoid were possible with ultrasound but not with

MRI, suggesting that there are advantages of ultrasound for

measuring the entire submental muscle group.

These findings have implications for swallowing

research and clinical management of dysphagia. Prior to

the clinical use of ultrasound for assessing changes in these

muscles associated with dysphagia treatments, further

research is required to investigate its usefulness in identi-

fying underlying mechanisms of pathophysiology and

recovery. An increased scope for such research investiga-

tions (and eventual clinical application) is brought about by

the decrease in cost and increase in portability associated

with ultrasound compared with MRI. Quantifying decrea-

ses in submental muscle CSA may provide insight into the

underlying mechanisms of dysphagia caused by sarcopenia

(the degeneration of skeletal muscle associated with aging)

or muscle weakness. Additionally, as researchers endeav-

our to understand the mechanisms that drive recovery from

dysphagia, hypertrophy of these muscles following treat-

ment can be explored more readily with ultrasound than

with MRI.

Mean CSA values from MRI images exceeded those

from ultrasound images by approximately 10 %. Factors

that possibly contributed to this include positioning during

image acquisition and image clarity. Inspection of Fig. 3

shows that the increase in CSA measured from MRI ima-

ges is not systematic, with three instances having larger

ultrasound values than MRI. One of these has a minimal

difference of 0.03 cm2, suggesting that the CSAs obtained

from both MRI and ultrasound are almost identical. Inter-

estingly, the two remaining data points with larger values

from ultrasound than from MRI were taken from the same

participant (female). This suggests that something specific

to this participant resulted in increased CSA measurements

from the ultrasound images. This could be related to the

composition of fatty tissue and muscle and/or interaction

with either the transducer placement in the acquisition of

the ultrasound image or positioning in the MRI scanner. As

all other measurements made from MRI images were

identical (1 data point) or larger (18 data points), explo-

ration of factors possibly contributing to systematic

increases in CSA for MRI measurements is worthy of

consideration. Such factors may include variations of the

plane from which the CSA is derived, which is related to

participant positioning. Additionally, as our data set

included mostly young females, inclusion of a more vari-

able participant sample will likely reveal differences in the

relationship between MRI and ultrasound measures.

The positioning of participants varied across methods in

the present study. Participants were seated upright with

their head in a neutral position for ultrasound, while they

were supine for MRI. The head coil used for MRI dictated

head position to some extent, possibly decreasing the

length of the submental muscle group. Post hoc analysis of

the MRI images showed that the CSA of the anterior belly

increased posteriorly and decreased anteriorly from the

midslice. This tendency for an increase in CSA toward the

superior palpable edge of the thyroid cartilage, rather than

a maximal CSA at the muscle belly, may suggest that

positioning of participants substantially deformed the

muscle during MRI scans. As ultrasound images were

taken only at the midway point between the mentalis of the

mandible and the superior palpable edge of the thyroid

cartilage, this assumption cannot be confirmed but should

be investigated in future studies. If future studies demon-

strate that this difference results from positioning, this

information should be considered when contemplating

sources of variance seen in MRI data of the neck muscles.

CSA measurements of the geniohyoid muscle and thick-

ness measurements of the mylohyoid muscle were not pos-

sible on MRI images due to poor border delineation (Figs. 1

and 2). These muscles could be differentiated and measured

from ultrasonographic images, suggesting that there is a

difference in the sensitivity of the two methods for demar-

cating these muscles. The acquisition of MRI images in this

study required a longer duration of movement inhibition

(3 min) than ultrasound image acquisition (0.3 s). As the

submental muscles are activated during swallowing at least

once every minute [28], it is likely that image clarity was

compromised to a greater degree for MRI than for ultra-

sound. CSA measurements were taken from the muscle’s

belly in both ultrasound and MRI images. As most move-

ment occurs at the muscle’s belly, controlling movement is

essential for CSA measurements from this location, which

suggests that the advantage of rapid acquisition time of

ultrasound is especially applicable in this case. The differ-

ence in signal generation between the two methods also may

contribute to the superior image quality documented for

ultrasound in this study. Because ultrasound uses the change

in reflective properties of adjacent tissues, it may be more

sensitive to the muscle borders in this confined space than

MRI, which generates a signal based on proton density. In

addition, because of scanning schedules, image acquisition

duration, and limited funding for the acquisition of the MRI
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images, it was possible to scrutinize and repeat image

acquisition if movement artifact was detected during only the

ultrasound procedure.

As these preliminary results suggest, ultrasound imaging

can provide a viable method of accurately measuring the

CSA of the anterior digastric muscle, but the repeatability

of measurements needs further attention if ultrasound is to

be used to document changes in muscle morphometry

across sessions. The investigation by Emshoff et al. [20]

into the reliability of ultrasound measurements of the

anterior belly of the digastric muscle included a time lapse

of more than 5 min between image acquisitions. Further

research is required to look at the reliability and also the

precision of ultrasound measurements in these muscles,

obtained with a longer period of time between sessions.

Documenting the variance associated with a longer time

lapse between sessions will help determine the magnitude

of the effects required to override such variance. To vali-

date the sensitivity of ultrasound in detecting such changes,

longitudinal research with an expected outcome of modi-

fied muscle morphometry is also required. Comparison of

results obtained over repeated measures from both ultra-

sound and MRI is necessary to further clarify sources of

variation specific to each method.

Once methodological confounds such as reliability,

precision, and validity are addressed, normative submental

muscle CSA values may be desired. This study included a

small participant sample to explore the potential of ultra-

sound images in providing superior measures of submental

CSA compared with MRI. Because a within-participant

design was used for this comparison, normative values of

submental CSA are not provided. Future studies aimed at

quantifying normative values of the submental muscles

must account for differences in the CSA associated with

age and gender by incorporating a larger participant sample

with more variable participant characteristics. The variance

estimates in the current data set suggest that most vari-

ability occurs across subjects. This will undoubtedly

increase with the inclusion of a more variable participant

sample. Future studies attempting to provide normative

values of these muscles using a more variable sample must

consider anthropometric measurements such as height and

weight to account for these differences. The within-par-

ticipant variance for each method was very small

(SD = 0.03 cm2), suggesting that studies using within-

participant designs will be most sensitive to measuring

changes in these muscles. As this study was unable to

complete comparisons for the mylohyoid and geniohyoid

muscles due to poor muscle boundary definition in the MRI

images, future research investigating these muscles with

ultrasound should include these two muscles.

MRI and ultrasound measurements of the CSA of the

digastric muscle are highly correlated, although MRI

images have a larger group mean. Ultrasound imaging has

the advantages of natural participant positioning, superior

clarity of muscle borders of all submental muscles, requires

less acquisition time, and is a much less expensive method

of examination than MRI. In summary, this preliminary

study has shown that ultrasound provides a viable imaging

modality for quantitative measures of the anterior belly of

the digastric muscle, with promise for the entire submental

muscle group, and has advantages over MRI beyond cost

and accessibility.
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