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ORIGINAL ARTICLE

Hyoid Bone Velocity and Distance during the Forward

Phase Correlate with Pyriform Sinus Residue:
A Retrospective Case Series

Hironori Arii, MD 2 and Tetsuro Sakai MS P¢

Objectives: This study investigated the relationship between the three phases of hyoid bone
movement and pharyngeal residue using the videofluoroscopic swallowing study (VESS).
Methods: We retrospectively analyzed the data from 66 patients who underwent VFSS between
April 2019 and December 2019. Hyoid bone movement was classified into three phases: upward,
forward, and downward. We measured the velocity and distance of hyoid bone movement in each
phase, as well as the pharyngeal residue after swallowing. The correlation between hyoid bone
movement and the amount of pharyngeal residue was analyzed using Spearman’s rank correlation
coefficient. A receiver operating characteristic (ROC) analysis was performed to evaluate the
presence of pyriform sinus residue. Results: Hyoid bone velocity and distance during the forward
phase correlated with the amount of pyriform sinus residue (velocity: r=0.311, P=0.011; distance:
r=0.255, P=0.0389). ROC analysis revealed that the cutoff value for hyoid bone velocity during the
forward phase was 26.1 mm/s (0.846 sensitivity, 0.604 specificity) with an area under the curve of
0.717. Conclusions: The velocity and distance of the hyoid bone during the forward phase were
significantly related to the amount of pyriform sinus residue. In VFSS assessment, it is important
to classify hyoid bone movement into three phases—upward, forward, and downward—and to

calculate its velocity and distance.
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INTRODUCTION

Dysphagia, which is a geriatric syndrome affecting 10%
to 33% of older adults, is commonly seen in those who have
experienced a stroke or neurodegenerative diseases such as
Alzheimer’s disease or Parkinson disease.” Additionally,
dysphagia can lead to aspiration, which may result in severe
complications such as aspiration pneumonia, malnutrition,
and dehydration.? * Therefore, the prevention and treatment
of dysphagia are important in older adults.

A videofluoroscopic swallowing study (VFSS) is a tool
used to assess hyoid bone movement and the swallowing
function. Previous studies have shown that, particularly

in the elderly, there is a decrease in the displacement of
the hyoid bone during swallowing, even among healthy
individuals.> 7 Various studies have investigated the rela-
tionship between hyoid bone movement and swallowing. A
reduction in the total distance of hyoid bone movement can
lead to increased pharyngeal residue and aspiration, whereas
the extent of anterior displacement of the hyoid bone is a
predictive factor for the risk of aspiration.®?) Moreover, the
maximum horizontal or vertical displacement of the hyoid
bone is associated with the risk and severity of aspiration.'?
These studies clarified that decreased hyoid bone movement
is associated with pharyngeal residue and aspiration.

In recent years, some studies have reported on the rela-
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tionship between hyoid bone velocity and dysphagia. Chen
et al.'") reported that stroke patients with aspiration were
associated with a lower maximal horizontal instantaneous
velocity of hyoid bone excursion when compared with
non-aspirators. Lee et al.'? found that maximal horizontal
velocity in forward hyoid motions were significantly reduced
in post-stroke patients with poor prognosis of swallowing
function when compared with those with good prognosis.
In these studies, they calculated the velocity of the hyoid
bone at each moment during its movement, requiring numer-
ous measurements of hyoid bone coordinates. Therefore,
based on a study by Hasegawa et al.,'> we divided hyoid
bone movement into three phases: upward, forward, and
downward, and measured only four hyoid bone coordinates
to calculate the velocity and distance of each phase. To the
best of our knowledge, we are the first to propose this simple
and effective method for calculating hyoid bone velocity and
distance of movement. The primary objective of this study
was to investigate the correlation between hyoid bone move-
ment in each phase and the amount of residue in the pyriform
sinus and vallecula. Conventional evaluation of hyoid bone
movement is based on displacement from the resting position
to the point of maximum deviation and requires the measure-
ment of two hyoid bone coordinates to calculate velocity and
distance.!®'¥) The secondary objective of our study was to
compare this conventional method with our measurement
approach.

MATERIALS AND METHODS

We conducted a retrospective analysis of VFSS performed
at Fujioka General Hospital between April 2019 and De-
cember 2019. Given the retrospective nature of the study,
informed consent was obtained using an opt-out approach.
Study details were disclosed on the hospital’s website to
provide participants with the opportunity to decline partici-
pation. This study was approved by the Ethics Committee of
Fujioka General Hospital (Approval number: 02-30).

The inclusion criterion was all cases that underwent VFSS
at our hospital during the study period. The following exclu-
sion criteria were used: (1) absence of a swallowing reflex
during the examination, (2) use of endoscopy or manometry
during the examination, and (3) presence of a tracheostomy.
Of the 90 eligible cases, 24 were excluded, and VFSS data
from the remaining 66 patients were analyzed. We did not
homogenize the diseases for the analysis, because we aimed
to investigate whether the hyoid bone movement in each
phase are measurable parameters for predicting the amount
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Fig. 1. Definition of the X and Y axes and the three phases
of hyoid bone movement during swallowing: Phase 1 (up-
ward phase), Phase 2 (forward phase), and Phase 3 (downward
phase).

of pharyngeal residue, even in a heterogeneous population.

All VFSS were performed with images recorded during
the ingestion of barium jelly. The barium jelly had consistent
properties (yield stress, 4113 N/m?2; cohesion, 0.47; adhesion,
63.1 JJm?) and all patients received the same quantity (4 g).
The most appropriate backrest angle for the patient was de-
termined through a pre-examination bedside assessment by
a speech-language pathologist, and the VFSS was conducted
at that angle. The filming speed of the VFSS was set to 30
frames per second. Image analysis was performed using
ImageJ (ver. 1.53r; National Institutes of Health, Bethesda,
MD, USA). A 10-mm-diameter iron ball was attached to the
midline of the mandible to serve as a reference for the mea-
surements. The origin was set at the anterior inferior aspect
of the C4 vertebra, with a straight line drawn from the origin
towards the anterior inferior aspect of the C2 vertebra, defin-
ing this line as the Y-axis. The X-axis was set perpendicular
to the Y-axis (Fig. 1).

Hyoid bone movement during swallowing was classified
into three phases based on a study by Hasegawa et al.' The
phases were defined as follows: Phase 1 (upward phase),
Phase 2 (forward phase), and Phase 3 (downward phase) (Fig.
1). The starting point of Phase 1 was defined as the point
where the hyoid bone begins to move upward after being in
the resting position. The endpoint of Phase 1 and the starting
point of Phase 2 were defined as the point where the direction
of movement changes from upward to forward. The endpoint
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Fig. 2. Definition of conventional velocity and distance of
hyoid bone movement. Conventional Velocity X, Conven-
tional Distance X, Conventional Velocity Y, and Convention-
al Distance Y were calculated using the displacement in the
X and Y directions from the starting point of Phase 1 to the
endpoint of Phase 2.

of Phase 2 and the starting point of Phase 3 were defined
as the point where the direction of movement changes from
forward to downward. The endpoint of Phase 3 was defined
as the lowest point reached by the downward movement. The
hyoid bone distance in each phase was calculated using the
Pythagorean theorem based on the measured X and Y coor-
dinates of the start and endpoint of each phase. The hyoid
bone velocity for each phase was determined by dividing the
distance by time. Velocity and distance were labeled using
the same numbering system, with Phase 1 velocity denoted
as Velocity 1 and distance as Distance 1.

The conventional evaluation of hyoid bone movement is
based on displacement from the resting position to the point
of maximum deviation.'®'¥) Following this method, we
calculated Conventional Velocity X, Conventional Distance
X, Conventional Velocity Y, and Conventional Distance Y
using the displacement in the X and Y directions from the
starting point of Phase 1 to the endpoint of Phase 2, as well
as the time between them (Fig. 2).

In addition, based on the standard methods for VFSS
from the Japanese Society of Dysphagia Rehabilitation,'
pyriform sinus residue was categorized as follows: 3, none;
2, none to half of the pyriform sinus; and 1, half to filled
pyriform sinus. Similarly, vallecular residue was classified
as follows: 3, none; 2, none to half of the vallecula; and 1,
half to filled vallecula.

Measurements were performed by a physician specializing in
rehabilitation, who was responsible for assessing the hyoid bone
movement. A speech-language pathologist, who was blinded to
the results, measured the amount of pharyngeal residue.

Table 1. Characteristics of patients

Characteristic n=66
Sex

Male 49 (74%)

Female 17 (26%)
Age (years) 78.1£8.4
Height (m) 1.58+0.08
Body weight (kg) 49.9+11.5
Body mass index (kg/m?) 20.0+4.0
Backrest angle

30° 3 (5%)

45° 6 (9%)

60° 7 (11%)

75° 50 (75%)
Diagnosis

Pneumonia 38 (58%)

Cerebrovascular disorders 14 (21%)

Other disease 14 (21%)
FILS 6.7+1.5

Data given as mean + standard deviation or number (per-
centage).

Statistical analyses were performed using R (ver. 4.3.1).
The correlation between hyoid bone movement and the
amount of pharyngeal residue was analyzed using Spear-
man’s rank correlation coefficient. Statistical significance
was recognized for P<0.05. A receiver operating charac-
teristic (ROC) analysis was conducted to evaluate whether
hyoid bone velocity and distance could be used to detect the
presence of pharyngeal residue.

RESULTS

The participant cohort included 49 men and 17 women
(mean age 78.1 £ 8.4 years). All patients underwent VFSS
to assess their swallowing function and determine a reha-
bilitation plan. The following backrest angles were used
during VFSS: 30°, 3 patients (5%); 45°, 6 patients (9%); 60°,
7 patients (11%); and 75°, 50 patients (75%). The most com-
mon diagnosis was pneumonia in 38 patients (58%), followed
by cerebrovascular disorders in 14 patients (21%) and other
diseases in 14 patients (21%) (Table 1). If pneumonia was
the reason for undergoing VFSS, patients with a history
of cerebrovascular disorders were recorded as pneumonia.
Among other diseases, there were 3 patients with bowel
obstructions, and the following eleven conditions were each
represented by 1 patient: tracheal injury, pseudogout, urinary
tract infection, traumatic subarachnoid hemorrhage, lung ad-
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Table 2. Correlation between hyoid bone movement and amount of pyriform sinus residue

Measurement Mean + SD r P value

Velocity 1 (mm/s) 41.8 +£24.4 -0.127 0.308

Velocity 2 (mm/s) 28.4+15.6 0.311 0.011*

Velocity 3 (mm/s) 241+£12.9 0.0752 0.549

Conventional Velocity X (mm/s) 20.6 + 10.8 0.0664 0.596

Conventional Velocity Y (mm/s) 147+ 13.6 —0.0630 0.615

Distance 1 (mm) 8.43 +£4.94 —0.105 0.399

Distance 2 (mm) 8.97 +4.01 0.255 0.0389*

Distance 3 (mm) 14.8 £4.53 0.0558 0.656

Conventional Distance X (mm) 10.5+4.72 0.0976 0.436

Conventional Distance Y (mm) 787 +6.76 —0.0835 0.505

* P<0.05, statistically significant.
enocarcinoma, lumbar spine compression fracture, chronic 1
obstructive pulmonary disease, heart failure, symptomatic o
epilepsy, femoral neck fracture, and pleural effusion. The -5 3 | o cananesmens can . N
average Food Intake Level Scale (FILS) score before VFSS 8
was 6.7 £ 1.5. é 2 s ee o

Significant correlations were found between Velocity 2 %
and the amount of pyriform sinus residue (r=0.311, P=0.011), E, . co_ol o r=0311
as well as between Distance 2 and pyriform sinus residue Eﬁ p=20.0110
(r=0.255, P=0.0389) (Table 2, Fig. 3). In contrast, no signifi- >
cant correlation was found between hyoid bone movement 0 20 40 60 8 100 120
and the amount of vallecular residue (Table 3). In addition, Velocity 2 (mm/s)
no significant correlation was found between conventional
measurements and the amount of pyriform sinus or vallecu- !
lar residue (Tables 2 and 3). ROC analysis for detecting the 9
presence of pyriform sinus residue revealed that the cutoff 70 W
value for Velocity 2 was 26.1 mm/s, with 0.846 sensitivity, ;
0.604 specificity, and an area under the curve (AUC) of 0.717 .5 ‘ s °
(Table 4, Fig. 4). g
We performed a post hoc power analysis using G*Power & ¢ M 1=0:255

(version 3.1.9.7, Heinrich Heine University, Diisseldorf, E’ = 00582

Germany) to evaluate the statistical power of the Spearman’s
correlation analysis. The achieved power (1—f) was calcu-
lated based on the observed correlation coefficient between
Velocity 2 and pyriform sinus residue (r=0.311), an alpha
level of 0.05, and a sample size of 66. The statistical power
for detecting this correlation was 0.824, indicating that the
sample size was sufficient to detect a significant association.

DISCUSSION

VFSS is widely used to evaluate swallowing function,
and many studies have reported on the hyoid bone move-
ment and swallowing function.®'?) In this study, we divided

0 5 10 15 20

Distance 2 (mm)

Fig. 3. Scatter plots of hyoid bone movement and pyriform
sinus residue. In the upper plot, Velocity 2 represents the
velocity of the hyoid bone during the forward phase. In the
lower plot, Distance 2 represents the distance of the hyoid
bone during the forward phase. The amount of pyriform si-
nus residue was classified as follows: 3, none; 2, none to half
of the pyriform sinus; and 1, half to filled pyriform sinus.
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Table 3. Correlation between hyoid bone movement and amount of vallecular residue

Measurement Mean + SD r P value
Velocity 1 (mm/s) 41.8 +£24.4 0.241 0.0514
Velocity 2 (mm/s) 28.4+15.6 0.00438 0.972
Velocity 3 (mm/s) 241+ 129 0.193 0.120
Conventional Velocity X (mm/s) 20.6 £ 10.8 0.141 0.259
Conventional Velocity Y (mm/s) 147+ 13.6 0.0639 0.610
Distance 1 (mm) 8.43+494 0.198 0.111
Distance 2 (mm) 8.97 +4.01 —0.0513 0.682
Distance 3 (mm) 14.8 +4.53 0.234 0.0586
Conventional Distance X (mm) 10.5+4.72 0.149 0.231
Conventional Distance Y (mm) 7.87 £6.76 0.0643 0.608
Table 4. ROC analyses for predicting pyriform sinus residue
Measurement AUC 95% Confidence interval  Cutoff value Sensitivity Specificity
Velocity 1 (mm/s) 0.398 0.224-0.572 35.5 0.538 0.528
Velocity 2 (mm/s) 0.717 0.564-0.87 26.1 0.846 0.604
Velocity 3 (mm/s) 0.567 0.369-0.87 20.7 0.615 0.585
Conventional Velocity X (mm/s) 0.469 0.283-0.655 20.5 0.538 0.547
Conventional Velocity Y (mm/s) 0.541 0.381-0.702 2.12 1.000 0.170
Distance 1 (mm) 0.559 0.391-0.726 3.94 1.000 0.226
Distance 2 (mm) 0.684 0.521-0.846 7.96 0.769 0.556
Distance 3 (mm) 0.552 0.373-0.73 11.9 0.462 0.717
Conventional Distance X (mm) 0.560 0.375-0.746 8.23 0.462 0.698
Conventional Distance Y (mm) 0.453 0.287-0.619 17.2 1.000 0.113

hyoid bone movement into three phases and examined the
correlation between pharyngeal residue and the velocity and
distance of hyoid bone movement in each phase.

Previous studies have reported associations between for-
ward velocity and distance of the hyoid bone and aspiration
or swallowing disorders.!*"'? These reports suggest that for-
ward movement of the hyoid bone is closely related to swal-
lowing function. In our study, significant correlations were
observed between Velocity 2 and pyriform sinus residue
and between Distance 2 and pyriform sinus residue. These
findings suggested that faster and greater movement of the
hyoid bone during the forward phase is important for reduc-
ing pyriform sinus residue. Previous studies have reported
that forward movement of the hyoid bone is associated with
opening of the upper esophageal sphincter.®!0-® Therefore,
faster and greater forward movement of the hyoid bone can
lead to sufficient opening of the upper esophageal sphincter,
reducing stasis in the pyriform sinus.

In our study, Conventional Velocity X and Conventional
Distance X did not show significant correlations with pyri-

form sinus residue. In addition, ROC analysis for detecting
the presence of pyriform sinus residue indicated that Veloc-
ity 2 was the most practical indicator and that the AUC of
Conventional Velocity X was smaller than that of Velocity
2. The conventional method calculates the forward hyoid
bone velocity using coordinates from the resting position
to the point of maximum deviation during swallowing.'%-!¥
As a result, the conventional measurement combined the
upward (Phase 1) and forward (Phase 2) phases of hyoid bone
movement as defined in our method. These methodological
differences in measurement may explain the discrepancies
in the Spearman correlation coefficient and ROC analysis
results. Our measurement method, which classifies hyoid
bone movement into three phases, was considered more use-
ful than the conventional method.

It is known that upward movement of the hyoid bone is
associated with epiglottis closure.>'” We expected that the
velocity and distance of the upward phase would be cor-
related with vallecular residue. However, our study did not
find significant correlation between the amount of vallecular

Copyright © 2025 The Japanese Association of Rehabilitation Medicine
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Fig. 4. ROC curve of hyoid bone velocity during the for-
ward phase for predicting pyriform sinus residue. The cutoff
value for predicting pyriform sinus residue was 26.1 mm/s
for Velocity 2, with 0.846 sensitivity, 0.604 specificity, and
an AUC of 0.717. Velocity 2 represents the velocity of the
hyoid bone during the forward phase.

residue and any measurement of hyoid bone movement.
The highest correlation coefficient was found for Velocity 1
(r=0.241, P=0.0514), but it was not statistically significant.
Vallecular residue may also be influenced by other factors,
such as increased maximum pharyngeal constriction area
and decreased tongue driving force, which might explain the
lack of correlation with the upward movement of the hyoid
bone in our study.?0:?)

The method of dividing hyoid bone movement into three
phases and measuring the distance and velocity during
VESS requires time and effort. Therefore, it is impractical to
measure hyoid bone movement during each VFSS. However,
recent advancements, such as deep learning methods for au-
tomated measurement of hyoid bone movement, may resolve
this problem.?>2%

In this study, we emphasize the importance of hyoid bone
movement during swallowing. The movement of the hyoid
bone is particularly influenced by the suprahyoid muscles,
and various rehabilitation techniques aimed at strengthening
these muscles have been reported, including Shaker exer-
cises, chin tuck against resistance, jaw-retraction exercises,
tongue pressure resistance exercises, and neuromuscular

electrical stimulation.'>?42® Future research will focus on
determining which of these rehabilitation methods most ef-
fectively improves hyoid bone movement and the swallowing
function.

This study had one limitation. The backrest angle during
VEFSS could not be standardized. Previous studies have
reported that the muscle activity of the suprahyoid and
infrahyoid muscles varies depending on the backrest angle
and sitting posture.>>3? Therefore, the backrest angle during
VFSS may have influenced the results of our study.

CONCLUSION

The velocity and distance of the hyoid bone during the
forward phase are significant VFSS parameters related to
the amount of pyriform sinus residue. In VFSS assessment,
it is important to classify hyoid bone movement into three
phases—upward, forward, and downward—and to calculate
its velocity and distance.
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