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Assessing the oral and suprahyoid 
muscles in healthy adults using 
muscle ultrasound to inform 
the swallowing process: 
a proof‑of‑concept study
Eileen Kelly 1,2,3*, Saira Nazeer 1,2, Brigitta Fazzini 1,2, Anna‑Liisa Sutt 3,4, Segun Olusanya 5, 
Thomas Campion 6 & Zudin Puthucheary 1,2

The oral and suprahyoid muscles are responsible for movements of swallowing. Our study aimed to 
determine the reproducibility of static and dynamic measurements of these muscles using bedside 
ultrasound equipment. Forty healthy participants were recruited prospectively. Primary outcomes 
were evaluation of mass measurements of the anterior bellies of the digastric, mylohyoid, geniohyoid 
and tongue in B-mode ultrasound. Secondary outcomes were evaluation of geniohyoid muscle layer 
thickness and function using M-mode. Muscle mass measurements demonstrated little within-
participant variability. Coefficient of Variance (CoV) across muscles were: anterior belly digastric 
(5.0%), mylohyoid (8.7%), geniohyoid (5.0%) and tongue (3.2%). A relationship between sex (r2 = 0.131 
p = 0.022) was demonstrated for the geniohyoid muscle, with males having higher transverse Cross 
Sectional Area (CSA) (14.3 ± 3.6 mm vs. 11.9 ± 2.5 mm, p = 0.002). Tongue size was correlated with 
weight (r2 = 0.356, p = 0.001), height (r2 = 0.156, p = 0.012) and sex (r2 = 0.196, p = 0.004). Resting 
thickness of the geniohyoid muscle layer changed with increasing bolus sizes (f = 3.898, p = 0.026). 
Velocity increased with bolus size (p =  < 0.001, F = 8.974). However swallow time and slope distance 
did not, potentially influenced by higher coefficients of variation. Oral and suprahyoid muscle mass 
are easily assessed using bedside ultrasound. Ultrasound may provide new information about muscle 
mass and function during swallowing.

Keywords  Oral suprahyoid muscles, Ultrasound, Muscle mass, Muscle function

Dysphagia is a dysfunction of one or more parts of the swallow and can occur due to physiological or structural 
abnormalities1. Dysphagia is commonly reported in acutely unwell patients, with incidence rates ranging from 
12 to 80%2–4. Clinical complications of dysphagia include mortality, aspiration pneumonia, dependence for tube 
feeding, increased hospital length of stay and cost2,5–7. Dysphagia also negatively affects patients quality of life 
and psychosocial wellbeing8.

A safe and efficient swallow requires coordination of the oropharyngeal muscles, cranial nerves, cerebral 
cortex, medulla oblongata and the muscles of respiration9,10. Swallowing is a synergistic process, requiring the 
precise timing of biomechanical movements as food or fluid transfer from the oral cavity through the pharynx 
to the oesophagus11,12. The sequence of normal swallowing is preceded by contraction of the oral and suprahy-
oid musculature, followed by the contraction of the pharyngeal constrictor muscles and the relaxation of the 
cricopharyngeal muscles13. The oral and suprahyoid muscles are responsible for the initiation of the swallow 
and the upward movement of the hyoid bone, while the pharyngeal muscles are responsible for the movement 
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of the bolus through the oesophagus14. Impairment can arise from dyscoordination of movements, resulting in 
a diminished ability to safely and efficiently transfer the bolus from the oral cavity to the oesophagus11.

Loss of muscle mass is known to result in functional impairment15,16 and has been shown to negatively affect 
swallow function in different disease states, such as Motor Neurone Disease, Parkinson’s Disease and Myotonic 
Dystrophy17–19. Ultrasound has been used to assess morphometry of muscle groups related to swallowing20. 
Evaluation includes measurements of muscle thickness, cross-sectional area, contraction and gradings of muscle 
echogenicity18. Examining changes to the structure and quality of oral and suprahyoid muscles over time may 
enable a greater understanding of the mechanism of muscle wasting on swallow function. While the oral and 
suprahyoid muscles can be easily imaged using ultrasound, there are little data on the reliability and repeatability 
of these measures, the effect of training on reliability and repeatability and fewer data on the use of dynamic 
ultrasound to evaluate muscle function21. We set out to determine the reproducibility of static and dynamic 
measurements of the oral and suprahyoid muscles using bedside ultrasound equipment.

Aim
The aim of this research was to establish the proof-of-concept of using muscle ultrasound to evaluate the oral and 
suprahyoid muscles in healthy participants. The primary outcomes were to assess muscle mass measurements 
of the anterior bellies of the digastric muscles, mylohyoid muscle, geniohyoid muscle and tongue, determine 
the coefficient of variation between muscles and evaluate relationships between participant age, sex height 
and weight. The secondary outcomes was to evaluate functional measures of the geniohyoid muscle during 
swallowing.

Methods
Ethical approval
The study was approved by Queen Mary University of London ethics committee (reference number: 
QMERC23.063). All methods were performed in accordance with relevant guidelines and regulations and in 
accordance with the Declaration of Helsinki.

Participants
Participants were recruited via email advertisement with accompanying participant information sheet. 
Adults > 18 years without pre-existing surgery to the head or neck or known laryngeal pathology (e.g., vocal 
fold palsy) and with self-reported normal swallowing function were included. Informed consent was obtained 
prior to participation. Participants provided baseline demographics (e.g., age, sex and height).

Study design and protocol development
A prospective observational study was designed. Protocol was developed prior to the study by a Speech and 
Language Therapist (EK), consultant Head and Neck Radiologist (TC) and muscle physiologists (ZP & SO). Meas-
urements of muscle mass were selected based on previous research22 and included cross-sectional area (CSA), 
height and width. Parameters to evaluate muscle function were based on previous research18,23,24 and involved 
examining geniohyoid muscle layer thickness (at rest and maximum contraction), velocity, slope distance and 
swallow time. We selected four boluses (10, 20, 30 and 40 ml) to examine for responsiveness to increasing volume. 
The geniohyoid was selected as the muscle of interest due to its role in the upward, anterior displacement of the 
hyoid and its ease of imaging. No formal competencies for ultrasound accreditation exist in the United Kingdom 
for Speech and Language Therapists, therefore the principal investigator (EK) was trained in ultrasound by a 
Consultant Head and Neck Radiologist (TC) and muscle physiologist (ZP) prior to commencement of the study. 
This included observation, practical supervision and independent examination over 12 months acquiring over 
50 scans to gain independent proficiency level.

Ultrasound equipment
A GE Venue™ ultrasound machine was used for all image acquisition and analysis. Analysis of muscle mass and 
muscle function took place on the GE Venue™ ultrasound machine using its internal measurement software. This 
was carried out by the principal investigator. Depth and gain were pre-set prior to each examination. Images were 
anonymised and stored on the ultrasound machine. Linear and curvilinear probes were used to obtain views in 
transverse and sagittal planes.

Procedure
All examinations were carried out by the principal investigator (EK). Participants were seated in an upright 
position with head in neutral. The investigator was seated facing the ultrasound machine screen, with the ultra-
sound probe held in the right hand. Lubricant gel was generously applied to the probe to avoid excess pressure 
being applied on the participant’s skin. For the bolus trials, water (10, 20, 30 and 40 ml) was measured with a 
syringe and placed into labelled cups prior to the examination. Three images were taken for each parameter for 
each participant.

Muscle mass
The muscles of interest for evaluation of muscle mass were the anterior bellies of the digastric muscles (left and 
right), mylohyoid muscle, geniohyoid muscle and the tongue. The linear probe was used for all muscle mass 
measurements in transverse plane, except for tongue CSA which was taken by the curvilinear probe in sagittal 
plane. The probe was placed in the midline transverse plane, 2 cm from the mandible symphysis. The anterior 
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belly of the digastric muscle image was taken when both bellies were seen in their entirety. The mylohyoid was 
measured under the digastric muscle from the upper to lower boundary of the fascia. The geniohyoid was located 
immediately superior to the mylohyoid muscle. The CSA of the geniohyoid was also taken in sagittal plane, visible 
as a hypoechoic band between the mandible and hyoid bone. Tongue CSA was also taken in the sagittal plane. The 
tongue is bordered superiorly by a hyperechoic dorsal surface, inferiorly by the fascia, and anterior-posteriorly 
by the mandible and hyoid bone. Figures 1 and 2 illustrates the muscle mass image taken.

Muscle function
The geniohyoid was selected for analysis of muscle function. The geniohyoid is bordered by the mandible and 
hyoid bone anteriorly and posteriorly, and by the mylohyoid and tongue superiorly and inferiorly. The M-mode 
line was placed in the midline of the geniohyoid muscle. All participants took three boluses of water, across each 
bolus size (10–40 ml). Participants were instructed to hold the bolus in their mouth until prompted to swallow 
the bolus in one swallow. Offline analysis of resting and maximum contraction of the geniohyoid muscle layer 
thickness took place after the assessment. Resting geniohyoid muscle and maximum contraction layer thickness 
were measured using the measurement tool (calliper function). Additional measures of velocity, swallow time 
and slope distance were obtained. Velocity was measured by calculating the slope distance divided by the slope 
time. Swallow time was measured by calculating the time taken for the geniohyoid muscle layer to depress from 
resting position to maximum contraction and return to baseline. Slope distance was measured by calculating the 
distance between the edge of the angle of the geniohyoid muscle layer at resting position and the deepest point 
of the geniohyoid muscle layer thickness during maximum contraction. A step-by-step measurement process is 
outlined in Supplementary Material S1. Figure 3 illustrates the muscle function image taken.

Data collection
Measurements were recorded in an anonymised Microsoft Excel™ spreadsheet. Values were recorded for each 
participant, with each participant having three values for each measure (e.g., CSA, velocity, swallow time). The 
average value of three consecutive images was used in analysis. The CSA, height and width were recorded for 
each muscle (mm2 and mm). Measurements of geniohyoid muscle layer thickness were taken at rest and at maxi-
mum contraction. Muscle layer thickness (mm), slope distance (mm), slope time (seconds), velocity (mm/s) and 

Figure 1.   Mass measurements suprahyoid muscles.

Figure 2.   Mass measurements geniohyoid and tongue.
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swallow time (seconds) were recorded for each bolus. When parameters were missing data, this was recorded 
as such on the spreadsheet.

Statistical analysis
Data for demographic information, muscle mass CSA and geniohyoid muscle layer thickness were assessed using 
descriptive statistics (e.g., mean, standard deviation (SD)). Muscle mass data were examined for relationships 
between demographic variables (e.g., sex, height) using univariate analysis. Coefficient of variation (CoV) was 
calculated for muscle mass and geniohyoid layer thickness to measure variability. Correlation coefficient was 
used to denote the association between muscle CSA. To assess the impact of increasing bolus sizes on geniohyoid 
muscle layer thickness, one-way repeated measures ANOVA was carried out. Data were tested for normality 
using the D’Augustino and Pearson normality test.

Results
Participant characteristics
A convenience sample of forty healthy participants were recruited for this study between October 2023 and Janu-
ary 2024. Demographic data (age, height, sex) was collected for all participants n = 40, except for weight which 
was collected from n = 28 participants. Summary Table 1 represents mean values for the included participants.

Oral and suprahyoid muscle mass measurements
Anterior belly of the digastric
The mean (± SD) CSA of the left and right anterior belly of the digastric were highly correlated (r = 1.0, p < 0.001) 
and were 7.0 ± 1.7mm2 and 7.0 ± 1.7mm2 respectively. No relationship was seen between age, height, weight, sex 
and CSA in univariate analyses (r2 < 0.1 for all).

Mylohyoid
The mean (± SD) CSA was 5.9 ± 2.0 mm (n = 30). No relationship was seen between age, height, weight, sex and 
CSA in univariate analyses (r2 < 0.1 for all).

Geniohyoid
The mean (± SD) CSA of the geniohyoid in transverse and sagittal planes was correlated (r = 0.398, p = 0.030), 
12.5 ± 3.0 mm (n = 40) and 27.5 ± 4.7 mm (n = 30). No relationship was seen between age, height, weight and 
transverse CSA in univariate analyses of (r2 < 0.1 for all). A relationship was seen with sex (r2 = 0.131 p = 0.022) 
and males had a higher transverse CSA than females (14.3 ± 3.6 mm vs. 11.9 ± 2.5 mm, p = 0.002, Fig. 4a). Geni-
ohyoid and mylohyoid mass measurements correlated (r = 0.443, p < 0.05).

Figure 3.   Geniohyoid muscle function (resting and contraction).

Table 1.   Participant demographic information. Data are mean (range). N = 40 except for when indicated by 
*(n = 23 females, n = 5 males).

Sex Female n = 29 Male n = 11

Age (years) 35 (26–56) 35 (27–46)

Height (cm) 168 (157–180) 181 (172–191)

Weight(kg)* 63 (49–82) 80 (68–90)
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Tongue
The mean (± SD) CSA was 199.6 ± 28.4 mm. Tongue size was correlated with weight (r2 = 0.356, p = 0.001), height 
(r2 = 0.156, p = 0.012) and sex (r2 = 0.196, p = 0.004, Fig. 4b) but not age (r2 < 0.1).

Correlation between muscle mass measurements across the assessed muscles is included in Table 2.

Functional measurements of geniohyoid muscle
Geniohyoid muscle layer thickness: resting versus contraction
Resting thickness of the geniohyoid muscle layer changed with increasing bolus sizes (10–40 ml) (f = 3.898, 
p = 0.026). A difference between resting (7.2 ± 1.7 mm) and contraction thickness (11.8 ± 2.6 mm) was noted 
(4.54 ± 2.0 mm p =  < 0.001). However, no relationship was found between bolus size and change in thickness 
(p = 0.191).

M‑mode measurements of swallow function
Swallow time.  Mean swallow time was 1.44 ± 0.3  s (n = 30). The mean time per group (10–40  ml) was 
1.4 ± 0.18 s, 1.44 ± 0.26 s, 1.41 ± 0.27 s and 1.50 ± 0.49 s respectively. Swallow time did not alter between boluses 
(p = 0.307, F = 1.176).

Velocity.  Mean velocity was 22.8 ± 7.3 mm/s (n = 40). The mean velocity increased with bolus size (p =  < 0.001, 
F = 8.974) and were 18.15. ± 3 mm/s (10 ml), 22.5 ± 6.7 mm/s (20 ml), 24.1 ± 7.3 mm/s, (30 ml) and 26.0 ± 7.2 mm 
(40 ml). Neither tongue CSA nor geniohyoid CSA were predictors of velocity (p = 0.922 and p = 0.345).

Slope distance.  Mean slope distance was 19.9 ± 4.4 mm (n = 35). Slope distance did not differ between groups 
(p = 0.948, F = 0.120). Geniohyoid CSA was a predictor of slope distance (F = 15.302, p =  < 0.001). Tongue CSA 
was not a predictor of slope distance (F = 0.671, p = 0.414).

Training effect.  The CoV was calculated for muscle mass and geniohyoid muscle layer thickness. The CoV for 
all muscles CSA was below 5%, except for the mylohyoid CSA which was 8.6%. All CoV were calculated based 
on n = 40 participants, except for mylohyoid (n = 30). To determine if a training effect took place, CoV was cal-
culated at intervals (e.g., participants 1–5, 5–10). Table 3 illustrates decreasing CoV over time in all muscles. Fig-
ure 5 illustrates CoV across participants for different muscle groups. CoV was also calculated for assessments of 
muscle function. CoV for resting muscle layer thickness ranged from 11.15 to 13.6%, contracting 9.81–12.33%, 
velocity 21.5–23.6%, slope distance 6.56–9.80% and swallow time 12.1–16.3%. CoV did not decrease over time 
when participants were analysed by group.
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Figure 4.   Geniohyoid (A) and Tongue (B) Cross-Sectional Area between sexes.

Table 2.   Correlation between different muscle masses (*p < 0.05). Significant values are in bold.

Anterior belly digastric left Mylohyoid Geniohyoid Tongue

Anterior belly digastric left – .116 0.170 0.065

Mylohyoid 0.116 – 0.443* − 0.211

Geniohyoid 0.170 0.443* – 0.062

Tongue 0.065 − 0.211 0.062 –
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Discussion
This proof-of-concept study evaluated muscle mass of the oral and suprahyoid muscles and geniohyoid muscle 
function. We found a relationship between participant weight, height, sex and the CSA of the tongue. Partici-
pant sex was associated with geniohyoid CSA. CSA was not closely correlated across muscle groups examined. 
Oral and suprahyoid muscles were easily scanned, with little variance between measurements of mass and an 
observable training effect. Muscle layer thickness altered between resting and maximum contraction during 
bolus trials, however this measure was not responsive to bolus size. In regard to dynamic measures, only veloc-
ity altered significantly across bolus sizes, though there was variability in the CoV across all dynamic measures.

Implications of muscle mass measurements
We demonstrated that the oral and suprahyoid muscles are easily visualised with bedside ultrasound equipment. 
We found a correlation between sex, weight and tongue CSA, which is consistent with previous research25,26. 
Previous research has identified the association between muscle wasting and dysphagia, namely prolonged 
oral preparatory and transit time27, impaired swallow safety resulting in penetration/aspiration28 and reduced 
hyolaryngeal approximation29,30. Muscle wasting occurs in critically unwell patients, with muscles such as the 
rectus femoris and biceps branchii shown to waste at a rate of 2% per day during acute illness31. Although the 
fibre compositions of the oral and suprahyoid muscles are different from those of limb muscles32, the oral and 
suprahyoid muscles consist predominately of type II muscle fibres32–34 which are known to experience prefer-
ential loss during acute muscle wasting31,35,36. It is likely that given the variance in mass, oral and suprahyoid 
muscles waste at different rates. While the muscles of swallowing work as a functional unit, each muscle plays 
an individual and differential role in swallowing37, and wasting at different rates may result in dyscoordination 
of the swallow. The intrinsic and extrinsic muscles of the tongue contract and pull it forward (genioglossus), 
backward and downwards (hyoglossus) and coordinate the fine movements involved in changing tongue shape38. 
The digastric muscles aid jaw movement and elevate the hyoid bone, while the mylohyoid and geniohyoid muscle 
pull the hyoid upwards and forwards37–39. Wasting to one or all of these muscles may result in impairment of 
the swallow. Identifying which muscles waste, and at what rate, will enhance specificity when diagnosing and 
treating swallow dysfunction.

Table 3.   Coefficient of variation of muscle CSA. n = 40 participants. *Denotes n = 30 participants.

ABDleft Mylohyoid Geniohyoid Tongue

CoV across all participants

1–40* 4.9 8.6* 4.9 3.2

Breakdown per group

1–5 9.7 6.7 1.5

6–10 5.6 5.5 4.9

11–15 4.2 8.3 4.4 2.4

16–20 2.6 10.1 3.4 2.5

21–25 6.1 13.6 7.9 4.4

26–30 3.2 7.3 4.1 1.0

31–35 5.7 6.2 4.4 1.4

36–40 2.3 6.4 3.2 1.0
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Figure 5.   Coefficient of Variation across participants for different muscle groups.
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Implications of dynamic measurements
Changes to the geniohyoid muscle layer thickness from resting position to maximal contraction was reliably 
detected by ultrasound. The use of M mode to quantify muscle thickness has been used widely to demonstrate 
changes to muscle15,31,40. Dynamic measurements of swallowing on ultrasound have typically investigated hyoid 
movement during swallow tasks30,41,42. We sought to investigate the dynamic movements of the geniohyoid 
muscle, to understand if increasing bolus size could elicit changes to velocity, slope distance and swallow time. 
These parameters were selected to probe the geniohyoid muscle, which is easily imaged on ultrasound, and to 
determine if future work could examine the influence of strain on the muscle.

Velocity of the geniohyoid was influenced by the bolus size, with a two-fold increase detected as the bolus 
sizes progressed. This is consistent with previous research examining changes in hyoid bone velocity across bolus 
sizes43. There is potential that in patients with muscle wasting, the force and speed of muscle contraction may 
be altered and this may result in dyscoordination of the swallow. However, a key finding was the wide range of 
CoV with functional measures, in contrast to the measures of muscle mass. Further investigation is warranted 
to determine if this requires greater training of the assessor, as is reflected in other ultrasound frameworks44, or 
whether it is related to the volitional nature of prandial swallowing and within-participant variability. Surpris-
ingly, our data did not detect variance in swallow times across bolus sizes. This may be due to the use of one 
bolus type (e.g., water only) or choosing a single parameter to evaluate this function (e.g., geniohyoid muscle 
layer). Future observational work may include both the time to maximum contraction and the displacement of 
the hyoid, to compare the ability of either parameter to detect a change in swallow time.

Limitations
The primary limitation of this study is the imbalance in sex of the participants. Further, a smaller sample size 
limits the strength of correlations, and may be underpowered to detect changes. Our data included mostly 
younger females, a more variable participant sample would enable greater analysis of the relationship between 
demographic information and ultrasound measures.

Future directions
Our data has shown static measures of the oral and suprahyoid muscles to be easily obtained with little within-
participant variation. While our study only recruited healthy participants, there were demonstrated signals war-
ranting future investigating patients with pathology. Examining static measures of muscle mass longitudinally 
may allow for a greater understanding of the relationship between mass, wasting and function. The oral and 
suprahyoid muscles are responsible for a range of core parameters leading to a safe and efficient swallow, such 
as manipulating the bolus, holding the bolus in the oral cavity and elevation of the hyoid bone. If muscle wast-
ing occurs and at different rates, it may result in dyscoordination of the swallow. Determining an association 
between the mechanism of muscle wasting and underlying patterns of dysphagia will enhance evaluation and 
help tailor interventions.

Measurements of mass alone cannot convey changes to the function of the muscle. We sought to investigate 
functional parameters such as velocity and time, to understand patterns of dynamic movement within the mus-
cles of interest. While our CoV was wide-ranging and requires further investigation before adapting to a clinical 
setting, we found a change in geniohyoid velocity across bolus sizes. Hyoid velocity has been shown to increase in 
individuals with reduced hyoid displacement and sarcopenia, potentially due to adaptation and compensation45. 
Investigating changes to velocity and/or additional measurements of function (e.g., strain, loading) will help 
us to understand what physiological changes have occurred to the muscle and how we can manipulate these in 
rehabilitation46. Ultrasound is uniquely primed to evaluate these parameters of muscle function, which are not 
captured in gold-standard instrumental evaluations such as videofluoroscopy or fibreoptic endoscopic evalua-
tion of swallowing.

Finally, as the focus of dysphagia intervention has focused on neuro-modulation and skill-based therapy, we 
must investigate the role of muscle wasting on dyscoordination. If muscle wasting occurs across the functional 
unit, we must consider at what rate and to what extent. This will inform timing of interventions, which could 
lead to earlier intervention and/or the prevention of wasting.

Conclusion
Oral and suprahyoid muscle mass are easily assessed using bedside ultrasound. Ultrasound may provide new 
information about muscle function during swallowing, however these findings require further research before 
being adopted into clinical practice.

Data availability
Data to support the results reported in the article are available from the corresponding author on request.

Received: 13 March 2024; Accepted: 13 May 2024

References
	 1.	 Speyer, R. et al. White paper by the European society for swallowing disorders: screening and non-instrumental assessment for 

dysphagia in adults. Dysphagia 37, 333–349. https://​doi.​org/​10.​1007/​s00455-​021-​10283-7 (2022).
	 2.	 Schefold, J. C. et al. Dysphagia in mechanically ventilated ICU patients (DYnAMICS): A prospective observational trial. Crit. Care 

Med. 45, 2061–2069. https://​doi.​org/​10.​1097/​CCM.​00000​00000​002765 (2017).

https://doi.org/10.1007/s00455-021-10283-7
https://doi.org/10.1097/CCM.0000000000002765


8

Vol:.(1234567890)

Scientific Reports |        (2024) 14:13198  | https://doi.org/10.1038/s41598-024-62032-z

www.nature.com/scientificreports/

	 3.	 Brodsky, M. B. et al. Recovery from dysphagia symptoms after oral endotracheal intubation in acute respiratory distress syndrome 
survivors. A 5-year longitudinal study. Ann. Am. Thorac. Soc. 14, 376–83. https://​doi.​org/​10.​1513/​Annal​sATS.​201606-​455OC 
(2017).

	 4.	 McIntyre, M., Doeltgen, S., Dalton, N., Koppa, M. & Chimunda, T. Post-extubation dysphagia incidence in critically ill patients: 
A systematic review and meta-analysis. Aust. Crit. Care 34, 67–75. https://​doi.​org/​10.​1016/j.​aucc.​2020.​05.​008 (2021).

	 5.	 Macht, M. et al. Post-extubation dysphagia is associated with longer hospitalization in survivors of critical illness with neurologic 
impairment. Crit. Care Lond. Engl. 17, R119. https://​doi.​org/​10.​1186/​cc127​91 (2013).

	 6.	 Bonilha, H. S. et al. The one-year attributable cost of post-stroke dysphagia. Dysphagia 29, 545–552. https://​doi.​org/​10.​1007/​
s00455-​014-​9543-8 (2014).

	 7.	 Marin, S., Serra-Prat, M., Ortega, O. & Clavé, P. Healthcare-related cost of oropharyngeal dysphagia and its complications pneu-
monia and malnutrition after stroke: A systematic review. BMJ Open 10, e031629. https://​doi.​org/​10.​1136/​bmjop​en-​2019-​031629 
(2020).

	 8.	 Moloney, J. & Walshe, M. “I had no idea what a complicated business eating is…”: A qualitative study of the impact of dysphagia 
during stroke recovery. Disabil. Rehabil. 40, 1524–1531. https://​doi.​org/​10.​1080/​09638​288.​2017.​13009​48 (2018).

	 9.	 Huckabee, M.-L., Mills, M., Flynn, R. & Doeltgen, S. The evolution of swallowing rehabilitation and emergence of biofeedback 
modalities. Curr. Otorhinolaryngol. Rep. https://​doi.​org/​10.​1007/​s40136-​023-​00451-8 (2023).

	10.	 Hårdemark Cedborg, A. I. et al. Co-ordination of spontaneous swallowing with respiratory airflow and diaphragmatic and abdomi-
nal muscle activity in healthy adult humans. Exp. Physiol. 94, 459–468. https://​doi.​org/​10.​1113/​expph​ysiol.​2008.​045724 (2009).

	11.	 Huckabee, M.-L. & Lamvik-Gozdzikowska, K. Reconsidering rehabilitation for neurogenic dysphagia: Strengthening skill in 
swallowing. Curr. Phys. Med. Rehabil. Rep. 6, 186–191. https://​doi.​org/​10.​1007/​s40141-​018-​0193-x (2018).

	12.	 Martin-Harris, B., Kantarcigil, C., Reedy, E. L. & McFarland, D. H. Cross-system integration of respiration and deglutition: Func-
tion, treatment, and future directions. Dysphagia 38, 1049–1058. https://​doi.​org/​10.​1007/​s00455-​022-​10538-x (2023).

	13.	 Perlman, A. L., Palmer, P. M., McCulloch, T. M. & Vandaele, D. J. Electromyographic activity from human laryngeal, pharyngeal, 
and submental muscles during swallowing. J. Appl. Physiol. Bethesda Md 1999(86), 1663–1669. https://​doi.​org/​10.​1152/​jappl.​1999.​
86.5.​1663 (1985).

	14.	 Matsuo, K. & Palmer, J. B. Anatomy and physiology of feeding and swallowing: Normal and abnormal. Phys. Med. Rehabil. Clin. 
N. Am. 19(691–707), vii. https://​doi.​org/​10.​1016/j.​pmr.​2008.​06.​001 (2008).

	15.	 Mayer, K. P. et al. Acute skeletal muscle wasting and dysfunction predict physical disability at hospital discharge in patients with 
critical illness. Crit. Care Lond. Engl. 24, 637. https://​doi.​org/​10.​1186/​s13054-​020-​03355-x (2020).

	16.	 Herridge, M. S. et al. One-year outcomes in survivors of the acute respiratory distress syndrome. N. Engl. J. Med. 348, 683–693. 
https://​doi.​org/​10.​1056/​NEJMo​a0224​50 (2003).

	17.	 Sevitz, J. S. et al. The relationship between lingual strength and functional swallowing outcomes in Parkinson’s disease. Dysphagia 
38, 1169–1183. https://​doi.​org/​10.​1007/​s00455-​022-​10543-0 (2023).

	18.	 Van Den Engel-Hoek, L., Lagarde, M. & Van Alfen, N. Ultrasound of oral and masticatory muscles: Why every neuromuscular 
swallow team should have an ultrasound machine. Clin. Anat. 30, 183–193. https://​doi.​org/​10.​1002/​ca.​22818 (2017).

	19.	 Recasens, B. B. et al. Ultrasonographic and manometric study of the tongue as biomarkers of dysphagia in patients with amyo-
trophic lateral sclerosis. Neurol. Sci. 44, 931–939. https://​doi.​org/​10.​1007/​s10072-​022-​06486-x (2023).

	20.	 Allen, J. E., Clunie, G. M. & Winiker, K. Ultrasound: An emerging modality for the dysphagia assessment toolkit?. Curr. Opin. 
Otolaryngol. Head Neck Surg. 29, 213–218. https://​doi.​org/​10.​1097/​MOO.​00000​00000​000708 (2021).

	21.	 Allen, J. E. et al. Translating ultrasound into clinical practice for the assessment of swallowing and laryngeal function: A speech 
and language pathology-led consensus study. Dysphagia 37, 1586–98. https://​doi.​org/​10.​1007/​s00455-​022-​10413-9 (2022).

	22.	 Van Den Engel-Hoek, L., Van Alfen, N., De Swart, B. J. M., De Groot, I. J. M. & Pillen, S. Quantitative ultrasound of the tongue 
and submental muscles in children and young adults. Muscle Nerve. 46, 31–37. https://​doi.​org/​10.​1002/​mus.​23277 (2012).

	23.	 Nienstedt, J. C., Müller, F., Rösler, A. & Pflug, C. Presbyphagia diagnostics using M-mode ultrasound: Changes in the tongue 
movement pattern. Dysphagia 35, 696–701. https://​doi.​org/​10.​1007/​s00455-​019-​10076-z (2020).

	24.	 Li, C. et al. Application of B+M-mode ultrasonography in assessing deglutitive tongue movements in healthy adults. Med. Sci. 
Monit. Int. Med. J. Exp. Clin. Res. 21, 1648–55. https://​doi.​org/​10.​12659/​MSM.​893591 (2015).

	25.	 Butler, S. G. et al. The relationship of aspiration status with tongue and handgrip strength in healthy older adults. J. Gerontol A 
Biol. Sci. Med. Sci. 66, 452–458. https://​doi.​org/​10.​1093/​gerona/​glq234 (2011).

	26.	 Feng, X. et al. Aging-related geniohyoid muscle atrophy is related to aspiration status in healthy older adults. J. Gerontol A Biol. 
Sci. Med. Sci 68, 853–860. https://​doi.​org/​10.​1093/​gerona/​gls225 (2013).

	27.	 Tamburrini, S. et al. Amyotrophic lateral sclerosis: Sonographic evaluation of dysphagia. Radiol. Med. (Torino) 115, 784–793. 
https://​doi.​org/​10.​1007/​s11547-​010-​0523-2 (2010).

	28.	 van der Heul, A. M. B. et al. Swallowing Problems in Spinal Muscular Atrophy types 2 and 3: A clinical, videofluoroscopic and 
ultrasound study. J. Neuromuscul. Dis. 10, 427–438. https://​doi.​org/​10.​3233/​JND-​221640 (2023).

	29.	 Hsiao, M.-Y., Chang, Y.-C., Chen, W.-S., Chang, H.-Y. & Wang, T.-G. Application of ultrasonography in assessing oropharyngeal 
dysphagia in stroke patients. Ultrasound Med. Biol. 38, 1522–1528. https://​doi.​org/​10.​1016/j.​ultra​smedb​io.​2012.​04.​017 (2012).

	30.	 Huang, Y.-L., Hsieh, S.-F., Chang, Y.-C., Chen, H.-C. & Wang, T.-G. Ultrasonographic evaluation of hyoid-larynx approximation 
in dysphagic stroke patients. Ultrasound Med. Biol. 35, 1103–1108. https://​doi.​org/​10.​1016/j.​ultra​smedb​io.​2009.​02.​006 (2009).

	31.	 Fazzini, B. et al. The rate and assessment of muscle wasting during critical illness: a systematic review and meta-analysis. Crit. Care 
27, 2. https://​doi.​org/​10.​1186/​s13054-​022-​04253-0 (2023).

	32.	 Stål, P. Characterization of human oro-facial and masticatory muscles with respect to fibre types, myosins and capillaries. Mor-
phological, enzyme-histochemical, immuno-histochemical and biochemical investigations. Swed. Dent. J. Suppl. 98, 1–55 (1994).

	33.	 Stål, P., Marklund, S., Thornell, L.-E., De Paul, R. & Eriksson, P.-O. Fibre composition of human intrinsic tongue muscles. Cells 
Tissues Organs 173, 147–161. https://​doi.​org/​10.​1159/​00006​9470 (2003).

	34.	 Mu, L. & Sanders, I. Neuromuscular compartments and fiber-type regionalization in the human inferior pharyngeal constrictor 
muscle. Anat. Rec. 264, 367–377. https://​doi.​org/​10.​1002/​ar.​10020 (2001).

	35.	 Jameson, T. S. O. et al. Inflammation and altered metabolism impede efficacy of functional electrical stimulation in critically ill 
patients. Crit. Care 27, 428. https://​doi.​org/​10.​1186/​s13054-​023-​04664-7 (2023).

	36.	 Puthucheary, Z. A. et al. Acute Skeletal Muscle Wasting in Critical Illness. JAMA 310, 1591–1600. https://​doi.​org/​10.​1001/​jama.​
2013.​278481 (2013).

	37.	 Shaw, S. M. et al. Architecture of the suprahyoid muscles: A volumetric musculoaponeurotic analysis. J. Speech Lang Hear Res. 
Online 60, 2808–2818. https://​doi.​org/​10.​1044/​2017_​JSLHR-S-​16-​0277 (2017).

	38.	 Acland’s Video Atlas of Human Anatomy. (2024).
	39.	 Pearson, W. G. J., Langmore, S. E. & Zumwalt, A. C. Evaluating the structural properties of suprahyoid muscles and their potential 

for moving the hyoid. Dysphagia 26, 345–351. https://​doi.​org/​10.​1007/​s00455-​010-​9315-z (2011).
	40.	 Parry, S. M. et al. Ultrasonography in the intensive care setting can be used to detect changes in the quality and quantity of muscle 

and is related to muscle strength and function. J. Crit. Care 30, 1151.e9-1151.e14. https://​doi.​org/​10.​1016/j.​jcrc.​2015.​05.​024 (2015).
	41.	 Winiker, K., Hammond, R., Thomas, P., Dimmock, A. & Huckabee, M.-L. Swallowing assessment in patients with dysphagia: 

Validity and reliability of a pocket-sized ultrasound system. Int. J. Lang Commun. Disord. 57, 539–551. https://​doi.​org/​10.​1111/​
1460-​6984.​12703 (2022).

https://doi.org/10.1513/AnnalsATS.201606-455OC
https://doi.org/10.1016/j.aucc.2020.05.008
https://doi.org/10.1186/cc12791
https://doi.org/10.1007/s00455-014-9543-8
https://doi.org/10.1007/s00455-014-9543-8
https://doi.org/10.1136/bmjopen-2019-031629
https://doi.org/10.1080/09638288.2017.1300948
https://doi.org/10.1007/s40136-023-00451-8
https://doi.org/10.1113/expphysiol.2008.045724
https://doi.org/10.1007/s40141-018-0193-x
https://doi.org/10.1007/s00455-022-10538-x
https://doi.org/10.1152/jappl.1999.86.5.1663
https://doi.org/10.1152/jappl.1999.86.5.1663
https://doi.org/10.1016/j.pmr.2008.06.001
https://doi.org/10.1186/s13054-020-03355-x
https://doi.org/10.1056/NEJMoa022450
https://doi.org/10.1007/s00455-022-10543-0
https://doi.org/10.1002/ca.22818
https://doi.org/10.1007/s10072-022-06486-x
https://doi.org/10.1097/MOO.0000000000000708
https://doi.org/10.1007/s00455-022-10413-9
https://doi.org/10.1002/mus.23277
https://doi.org/10.1007/s00455-019-10076-z
https://doi.org/10.12659/MSM.893591
https://doi.org/10.1093/gerona/glq234
https://doi.org/10.1093/gerona/gls225
https://doi.org/10.1007/s11547-010-0523-2
https://doi.org/10.3233/JND-221640
https://doi.org/10.1016/j.ultrasmedbio.2012.04.017
https://doi.org/10.1016/j.ultrasmedbio.2009.02.006
https://doi.org/10.1186/s13054-022-04253-0
https://doi.org/10.1159/000069470
https://doi.org/10.1002/ar.10020
https://doi.org/10.1186/s13054-023-04664-7
https://doi.org/10.1001/jama.2013.278481
https://doi.org/10.1001/jama.2013.278481
https://doi.org/10.1044/2017_JSLHR-S-16-0277
https://doi.org/10.1007/s00455-010-9315-z
https://doi.org/10.1016/j.jcrc.2015.05.024
https://doi.org/10.1111/1460-6984.12703
https://doi.org/10.1111/1460-6984.12703


9

Vol.:(0123456789)

Scientific Reports |        (2024) 14:13198  | https://doi.org/10.1038/s41598-024-62032-z

www.nature.com/scientificreports/

	42.	 Cheng, D. T. H., Lee, K. Y. S., Ahuja, A. T. & Tong, M. C. F. Sonographic assessment of swallowing in irradiated nasopharyngeal 
carcinoma patients. Laryngoscope 128, 2552–2559. https://​doi.​org/​10.​1002/​lary.​27222 (2018).

	43.	 Nagy, A., Molfenter, S. M., Péladeau-Pigeon, M., Stokely, S. & Steele, C. M. The effect of bolus volume on hyoid kinematics in 
healthy swallowing. BioMed Res. Int. 2014, 738971. https://​doi.​org/​10.​1155/​2014/​738971 (2014).

	44.	 British Society of Echocardiography: Accreditation in Adult Echocardiography (2023).
	45.	 Chen, Y.-C., Chen, P.-Y., Wang, Y.-C., Wang, T.-G. & Han, D.-S. Decreased swallowing function in the sarcopenic elderly without 

clinical dysphagia: a cross-sectional study. BMC Geriatr. 20, 419. https://​doi.​org/​10.​1186/​s12877-​020-​01832-0 (2020).
	46.	 Suchomel, T. J., Nimphius, S., Bellon, C. R. & Stone, M. H. The importance of muscular strength: Training considerations. Sports 

Med. 48, 765–785. https://​doi.​org/​10.​1007/​s40279-​018-​0862-z (2018).

Author contributions
E.K. and ZP are responsible for the conception, design, analysis and interpretation of the data. E.K., Z.P., T.C. 
and S.O. developed study protocol. All authors have contributed to the drafting of this manuscript and have 
approved the submitted version.

Competing interests 
The authors declare no competing interests.

Additional information
Supplementary Information The online version contains supplementary material available at https://​doi.​org/​
10.​1038/​s41598-​024-​62032-z.

Correspondence and requests for materials should be addressed to E.K.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© Crown 2024

https://doi.org/10.1002/lary.27222
https://doi.org/10.1155/2014/738971
https://doi.org/10.1186/s12877-020-01832-0
https://doi.org/10.1007/s40279-018-0862-z
https://doi.org/10.1038/s41598-024-62032-z
https://doi.org/10.1038/s41598-024-62032-z
www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Assessing the oral and suprahyoid muscles in healthy adults using muscle ultrasound to inform the swallowing process: a proof-of-concept study
	Aim
	Methods
	Ethical approval
	Participants
	Study design and protocol development
	Ultrasound equipment
	Procedure
	Muscle mass
	Muscle function
	Data collection
	Statistical analysis

	Results
	Participant characteristics
	Oral and suprahyoid muscle mass measurements
	Anterior belly of the digastric
	Mylohyoid
	Geniohyoid
	Tongue

	Functional measurements of geniohyoid muscle
	Geniohyoid muscle layer thickness: resting versus contraction
	M-mode measurements of swallow function
	Swallow time. 
	Velocity. 
	Slope distance. 
	Training effect. 



	Discussion
	Implications of muscle mass measurements
	Implications of dynamic measurements
	Limitations
	Future directions

	Conclusion
	References


