
INTRODUCTION

Parkinson disease (PD) is a common neurodegenera-
tive disorder resulting from the progressive loss of dopa-
mine-generating cells in the ventrolateral portion of the 
pars compacta in the substantia nigra of the midbrain. A 
patient with PD may first experience movement-related 
symptoms, including tremor at rest, rigidity, akinesia 
(or bradykinesia), and postural instability [1], as well as 
bulbar dysfunction in the form of dysphagia, dysarthria, 
hypophonia, and sialorrhea. Non-motor symptoms, au-
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Objective  To compare tongue thickness, the shortest hyoid-thyroid approximation (distance between the hyoid 
bone and thyroid cartilage), and the time interval between the initiation of tongue movement and the time of the 
shortest hyoid-thyroid approximation, by using ultrasonography in healthy controls and patients with Parkinson 
disease (PD). 
Methods  Healthy controls and PD patients with dysphagia were compared. Ultrasonography was performed 3 
times for the evaluation of tongue thickness, the shortest hyoid-thyroid approximation, and the time between the 
initiation of tongue movement and the shortest hyoid-thyroid approximation. 
Results  A total of 24 healthy controls and 24 PD patients with dysphagia were enrolled. No significant differences 
were demonstrated between the two groups for the shortest hyoid-thyroid approximation (controls, 1.19±0.34 
cm; PD patients, 1.37±0.5 cm; p=0.15) and tongue thickness (controls, 4.42±0.46 cm; PD patients, 4.27±0.51 cm; 
p=0.3). In contrast, the time to the shortest hyoid-thyroid approximation was significantly different between the 
two groups (controls, 1.53±0.87 ms; PD patients, 2.4±1.4 ms, p=0.048). 
Conclusion  Ultrasonography can be useful in evaluating dysphagia in patients with PD by direct visualization and 
measurement of the hyoid bone. Moreover, ultrasonography might contribute to a greater understanding of the 
pathophysiology of dysphagia in PD.
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tonomic dysfunction, sleep disturbance and behavioral, 
cognitive and psychiatric problems may also arise as the 
disease progresses [1-3].

Dysphagia is a common feature of bulbar dysfunction 
in PD, with prevalence ranging from 16% to 55% [4], and 
is significantly associated with longer disease duration 
and dementia, as well as a greater occurrence in males 
[5]. In the majority of cases, the pathophysiology of dys-
phagia in PD is related to oral and pharyngeal phase 
dysfunction, characterized by abnormal bolus formation, 
multiple tongue elevation, delayed swallowing reflex, 
and decreased elevation and excursion of the hyolaryn-
geal complex [6,7]. Furthermore, a nutritional imbalance 
resulting from poor food intake and aspiration pneumo-
nia can occur, and is the major cause of death in patients 
with PD [8]. Although there is a high risk of aspiration 
and pneumonia associated with dysphagia, the dys-
phagia is often overlooked until the patient experiences 
pneumonia. Therefore, it is important to evaluate swal-
lowing function before problems arise. To evaluate dys-
phagia in a clinical setting, a videofluoroscopic swallow-
ing study (VFSS) has been recommended. VFSS can be 
performed with a variety of foods and drinks containing 
barium, regardless of the patient’s age and pathophysiol-
ogy, including central nervous system or oropharyngeal 
pathophysiology [9].

Recent efforts have been made to evaluate dysphagia 
using ultrasonography (US). US is utilized in many fields 
of medicine, and has the benefits of low cost, absence of 
radiation exposure, and ease of accessibility. Moreover, 
US can directly and dynamically evaluate a structure 
with movement. Kuhl et al. [10] suggested that laryngeal 
elevation, the most important process in swallowing and 
a determinant factor for aspiration or penetration, could 
be measured easily by identification of the hyoid bone 
and the thyroid cartilage. Since then, a number of reports 
have used US to evaluate tongue thickness, tongue move-
ment, and hyoid bone movement in healthy controls or 
stroke patients [11-14]. These reports have shown that 
hyoid bone movement, a major process of swallowing 
needed to prevent aspiration, can be measured by US 
as the distance between the thyroid cartilage and hyoid 
bone [13,14]. However, to our knowledge, although US 
has been used to evaluate stroke patients, there have 
been no reports of US being used to evaluate dysphagia 
in patients with PD [14,15]. 

The primary aim of this study was to use US in healthy 
controls and PD patients to compare the shortest hyoid-
thyroid distance, tongue thickness, and the time inter-
val between the initiation of tongue movement and the 
shortest hyoid-thyroid approximation. The secondary 
aim was to demonstrate whether the above US param-
eters were correlated with PD severity and VFSS findings. 

MATERIALS AND METHODS

Participants
The study was approved by the ethics committee of our 

hospital, and informed consent was obtained from each 
participant. From January 2014 to April 2015, healthy 
controls and a consecutive series of PD patients with 
dysphagia were enrolled in this study prospectively. In-
clusion criteria for the PD group were as follows: patients 
1) with a confirmed diagnosis of PD by a neurologist, 
2) with subjective clinical complaints of dysphagia, in-
cluding slow eating; food, liquid and tablet swallowing 
difficulties; food sticking in the throat; cough and wet 
voice after solid/liquid intake; nocturnal sialorrhea; or 
slow eating [16], 3) with stable disease, ‘on state’, with the 
same medications for more than 2 months, and 4) able 
to perform 3-step commands. Exclusion criteria for the 
PD group were as follows: participants 1) with severe 
cognitive impairment, 2) with other neurologic disorders 
that can induce dysphagia, such as stroke, traumatic 
brain injury, or motor neuron disease, 3) with a history 
of other conditions associated with oropharyngeal struc-
tures, such as thyroidectomy, vocal cord palsy, or cancer, 
and 4) with difficulty sustaining the evaluation process 
or with difficulty applying the US probe to the neck due 
to a Levin tube or tracheostomy. Medical records data, 
including age, gender, body mass index (BMI), Mini-
Mental Status Examination (MMSE), and Modified Bar-
thel Index (MBI) were recorded in both groups. Duration 
of PD and a modified Hoehn-Yahr (HY) scale score were 
also recorded [17]. 

Ultrasonographic evaluation 
An ultrasound machine (Accuvix XQ; Medison, Seoul, 

Korea) was used with a 2–6 MHz curved-array trans-
ducer. The evaluations were performed by one inves-
tigator (EH Oh), and were repeated three times for all 
participants. Throughout the process, the least pressure 
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with a large amount of coupling agent was applied on the 
probe to minimize the effect of the transducer on swal-
lowing movements. The participants were examined in a 
comfortable upright sitting position with a neutral head 
position. The transducer was placed in the midsagittal 
plane on the submental area (Fig. 1A, 1B), which showed 
a longitudinal view from the tongue base to the thyroid 
cartilage on a monitor. The participants were asked not to 
move their head or neck and to maintain a relaxed state, 
and then the maximum tongue thickness was measured 
(Fig. 1C). Two anatomic references, the hyoid bone and 
thyroid cartilage, were used for measuring the approxi-
mate hyoid-thyroid distance [10]. This can be visualized 
as two calcifications, each with an acoustic shadow, indi-
cating ossification of the hyoid bone and thyroid cartilage 
(Fig. 1C). The distance between the two calcifications is 
the hyoid-thyroid approximation. The investigator asked 
the participants to swallow 0.5 mL of water, and simul-
taneously began to record a video loop with a program 
for the US equipment. Three swallows were recorded for 
each participant with intervals of 1 minute. The shortest 
hyoid-thyroid approximation distance for each swallow 
was determined by tracing the recorded images and then 
measuring with an electronic caliper in the US equip-
ment (Fig. 1D). In addition, the frame counts between the 
initiation of tongue movement and the shortest hyoid-
thyroid approximation were investigated and calculated 

in milliseconds, and this was considered the time to 
hyoid-thyroid approximation. 

Videofluoroscopic swallowing study
Of 24 patients with PD, 15 were evaluated by VFSS in an 

upright seated position. Fluoroscopy (Sonialvision Versa; 
Shimadzu, Kyoto, Japan) was performed with a lateral 
view and recorded on VHS cassettes in real time. The 
VFSS protocol included the following: 1) water intake, 2) 
puree intake, and 3) semisolid intake (cookies with 5 mL 
of 20% semisolid or liquid containing barium material) 
[18]. 

For VFSS, the focus of our evaluation was on penetra-
tion and aspiration, which both occur during the pharyn-
geal phase. Penetration refers to when the intake bolus 
remains above the true vocal folds, inferior to the epiglot-
tis and spilling into the laryngeal vestibule. Aspiration 
refers to materials that remain below the level of the vo-
cal folds before the initiation of swallowing. If the food 
did not pass into the true vocal fold, it was considered to 
be penetration, and if the food passed into the true vocal 
fold, it was considered to be aspiration [18]. The PD pa-
tients were then divided into two subgroups based on the 
presence of penetration or aspiration during VFSS. 

Statistical analysis 
The intra-rater reliability of all US parameters, includ-

A

B C D

Fig. 1. Longitudinal ultrasonographic images of hyoid-thyroid approximation at rest and during the swallowing state. 
(A) Longitudinal approach of ultrasonographic probe, anterior view. (B) Longitudinal approach of ultrasonographic 
probe, lateral view. (C) At rest, the thickest area of the tongue (‘To’) is shown by the dotted line, and the hyoid-thyroid 
approximation, which is the distance between the hyoid bone (‘H’) and the thyroid cartilage (‘Th’), is shown by the 
solid line. (D) During swallowing, hyoid-thyroid approximation occurs with laryngeal elevation. The shortest distance 
of hyoid-thyroid approximation is shown by the solid line. 
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ing tongue thickness, shortest hyoid-thyroid approxima-
tion, and time to hyoid-thyroid approximation, were ana-
lyzed by determining the intraclass correlation coefficient 
(ICC) of 3 trials for each parameter. An independent t-
test was used to compare the baseline characteristics (age, 
gender, BMI, height, weight, MMSE score, and MBI score) 
of healthy controls and PD patients, and to compare 
the shortest hyoid-thyroid approximation distance and 
tongue thickness between the two groups. Time to hyoid-
thyroid approximation was analyzed with the Mann-
Whitney U test. Spearman rank correlation analysis was 
performed in order to assess the correlation between 
US parameters and disease severity, as measured by PD 
duration, MBI scores, MMSE scores, and the HY scale 
scores; and also to assess the correlation between each of 
the US parameters. In addition, PD patients were divided 
into two subgroups: patients with or without penetration 
or aspiration during VFSS. US parameters in the two sub-
groups were compared with the Mann-Whitney U test. All 
statistical analyses were performed using SPSS ver. 17.0 
for Windows (SPSS Inc., Chicago, IL, USA). The level of 
statistical significance was set at a p-value less than 0.05.

RESULTS

A total of 48 participants (24 healthy controls and 24 PD 
patients, all men) were enrolled in this study. The base-
line characteristics of the study population are presented 
in Table 1. There was a significant difference in MBI 
scores (controls, 94.96±10.29; PD patients, 72.83±27.37; 
p=0.001) and MMSE scores (controls, 29.67±0.76; PD pa-
tients, 24.46±7.48; p=0.002), which can be explained by 
the disease properties of PD. There were no significant 
differences between the groups in other characteristics. 
The mean HY scale score of PD patients was 2±1.54 (10 
patients were stage 1; one patient was stage 1.5; three pa-
tients were stage 2; two patients were stage 3; five patients 
were stage 4; and three patients were stage 5). 

The intra-rater ICC of tongue thickness, the shortest 
hyoid-thyroid approximation, and time to hyoid-thyroid 
approximation were 0.777, 0.896, and 0.766, respectively 
(mean=0.813), indicating good reproducibility. 

No significant differences were demonstrated between 
healthy controls and PD patients for the shortest hyoid-
thyroid approximation (controls, 1.19±0.34 cm; PD pa-
tients, 1.37±0.5 cm; p=0.149, independent t-test) and 

tongue thickness (controls, 4.42±0.46 cm; PD patients, 
4.27±0.51 cm; p=0.292, independent t-test). However, the 
time to the shortest hyoid-thyroid approximation was 
significantly different between the two groups (controls, 
1.53±0.87 ms; PD patients, 2.4±1.4 ms; p=0.048, Mann-
Whitney U test) (Table 2). 

According to Spearman rank correlation analysis, the 
time to hyoid-thyroid approximation, which was signifi-
cantly different between the two groups, was positively 

Table 1. Demographic characteristics of the subjects

Variable
Control 
(n=24)

PD 
(n=24)

p-value

Gender (all men) 24 24 1.00

Age (yr) 66.71±12.97 71.67±5.10 0.088

MMSE 29.67±0.76 24.46±7.48 0.002*

MBI 94.96±10.29 72.83±27.37 0.001*

BMI 25.02±2.95 23.65±4.00 0.182

Height (cm) 166.79±6.22 165.75±6.96 0.587

Weight (kg) 69.96±11.42 65.19±12.47 0.174

Onset of PD (yr) - 7.21±5.96

HY scale - 2±1.54

   Stage 1/1.5/2/
     3/4/5

10/1/3/2/5/3

Values are presented as mean±standard deviation or 
number. 
BMI, body mass index; HY scale, modified Hoehn and 
Yahr scale; MBI, Modified Barthel Index; PD, Parkinson 
disease; MMSE, Mini-Mental State Examination. 
*p<0.05.

Table 2. Comparison of ultrasonographic parameters in 
healthy controls and PD patients 

Variable
Control 
(n=24)

PD 
(n=24)

p-value

Tongue thickness  (cm) 4.42±0.46 4.27±0.51 0.292

HT approximation (cm) 1.19±0.34 1.37±0.5 0.149

Time to HT 
  approximation (ms) 

1.53±0.87 2.4±1.4 0.048a)

Values are presented as mean±standard deviation.
HT approximation, the shortest distance of hyoid-thyroid 
approximation; PD, Parkinson disease; Time to HL ap-
proximation, time interval between the initiation of 
tongue movement and the shortest distance of hyoid-
thyroid approximation.
a)p<0.05 by Mann-Whitney U test.
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correlated with PD duration (r=0.467, p=0.033) and nega-
tively correlated with MBI (r=–0.437, p=0.003) and MMSE 
(r=–0.308, p=0.047). However, there was no correlation 
between time to hyoid-thyroid approximation and HY 
scale score (r=0.341, p=0.142). There were no significant 
correlations among the three US parameters in this study. 

Finally, PD patients were divided into two subgroups 
based on the presence of penetration or aspiration dur-
ing VFSS (n=6) or not (n=9), and their US parameters 
were analyzed with the Mann-Whitney U test. However, 
no significant differences were found between the two 
subgroups. 

DISCUSSION

Dysphagia is an important problem in PD because it 
can cause aspiration pneumonia and thereby increase 
the mortality rate [3]. There have been many attempts 
to evaluate dysphagia in PD using VFSS, and they have 
revealed impairment in the oral and pharyngeal phases. 
Such impairment includes inappropriate tongue move-
ment, piecemeal deglutition, a delayed swallowing reflex 
and oropharyngeal transit time, residues in the vallecular 
space and pyriform fossa, and penetration or aspiration 
[3,6,7,19]. Dysphagia assessment using US is a new tech-
nique that has been proposed to have many advantages, 
including lack of radiation, noninvasiveness, and the 
possibility for use with bedridden patients. In addition, 
it allows for visualization of the anatomic structure of the 
tongue and dynamic movement of the hyoid bone. Fur-
thermore, the reliability of US for analyzing hyoid bone 
displacement was proved with a good single-measure 
ICC by 3 raters: an inter-rater agreement of 0.86 for rest 
measurements (prior to swallowing) and 0.86 for maxi-
mal hyoid displacement measurements [11]. Intra-rater 
reliability was also excellent, at 0.95 for rest measure-
ments, and 0.98 for maximal displacement measure-
ments [11]. 

Early studies evaluating dysphagia using US focused 
mainly on tongue movement [20]. Later, hyoid bone dis-
placement, the most important process of swallowing, 
was evaluated quantitatively and dynamically [13-15,21]. 
Kuhl et al. [10] first suggested that the laryngeal elevation 
following the hyoid bone movement could be identified 
by US as the approximation of two structures, the hyoid 
bone and the thyroid cartilage. In addition, there have 

been several research studies on hyoid-thyroid approxi-
mation in stroke patients, and these reports revealed 
that the hyoid-larynx approximation was lower in stroke 
patients with dysphagia than in those without dysphagia. 
It was explained that stroke in corticobulbar fibers, the 
medullary solitary tract nucleus and nucleus ambiguus 
structures, induced the weakness of pharyngeal and 
laryngeal muscles, which resulted in a decrease in the 
hyoid-larynx approximation [14,15]. However, there has 
been no attempt to evaluate dysphagia using US in PD. 
Therefore, this study focused on dysphagia evaluation 
through the use of US in patients with PD. 

In contrast to the above results from studies with stroke 
patients, the present study demonstrated no significant 
differences of hyoid-thyroid approximation and tongue 
thickness, but instead, a significant difference in the time 
to hyoid-thyroid approximation in PD patients as com-
pared with healthy controls (Table 2). Most dysphagia in 
patients with PD is related to oropharyngeal swallowing 
dysfunction, specifically lingual bradykinesia, movement 
hesitation, and tremor in the tongue [8]. In PD patients, 
there is a significantly delayed interval between the ini-
tiation of tongue movement and the shortest distance of 
hyoid-thyroid approximation, supporting the premise 
that dysphagia in PD is mainly a result of lingual dyski-
nesia in the oropharyngeal phase. Moreover, ultrasono-
graphic examination contributed to these movements of 
the tongue and laryngopharynx complex. 

Second, there was no significant correlation between 
the severity of PD, as assessed by HY grade, and US pa-
rameters, while the time to hyoid-thyroid approximation 
was positively correlated with duration in PD, and nega-
tively with MBI and MMSE. On the basis that HY scoring 
mainly reflects dysfunction in limbs, these results suggest 
that dysphagia in PD is closely related with disease pro-
gression, but not correlated with limb dysfunction. Many 
studies using VFSS found no correlation between the 
severity of PD and dysphagia [7,22,23]. The lack of cor-
relation between limb muscle dysfunction and dysphagia 
in PD has been explained by variable submental muscle 
pathology, which have been demonstrated to have a 
higher percentage of atrophic myofibers and fast to slow 
fiber type transition, as well as decreased pharyngeal 
sensation specifically [22,24]. Although this study was 
limited by the small number of participants in each HY 
grade, these results also suggest that the pathophysiology 
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of dysphagia may differ from that of limb muscles in PD.
Third, there was no influence of aspiration or penetra-

tion as assessed by VFSS on the US parameters. The small 
sample sizes for each subgroup (penetration or aspiration 
subgroup, n=6; no penetration or aspiration subgroup, 
n=9) are thought to be insufficient for statistical analysis. 
Although there was no significant difference between the 
two subgroups of PD patients according to VFSS findings, 
correlations between VFSS and US findings in PD pa-
tients should be evaluated in future studies to determine 
the diagnostic ability of US.

This study has some limitations. First, a small number 
of patients were enrolled, especially those who under-
went VFSS. Second, most of the PD patients enrolled in 
this study had non-severe PD. Indeed, ultrasonographic 
examinations require participant’s cooperation to follow 
3-step commands and sustain a sitting position. Despite 
the fact that most of the enrolled patients had a relatively 
good functional reservoir, the results of this study showed 
a significant difference between PD patients and controls, 
which could support the reliability of the results.

In conclusion, by direct visualization and evaluation 
of the hyoid bone, US provides a useful way in which to 
evaluate dysphagia in patients with PD. Moreover, it may 
contribute to a greater understanding of the pathophysi-
ology of dysphagia in PD. 
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