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Objective: Swallowing examination is crucial in patients with dysphagia. We aimed
to compare qualitative and quantitative videofluoroscopic swallowing study
(VESS) results to provide reference for standardizing quantitative parameters.

Materials and methods: In total, 117 patients with dysphagia were included, 38
with Parkinson’s disease and 39 and 40 in convalescence following cerebral
hemorrhage and infarction. VFSS was both qualitatively and quantitatively
analyzed.

Results: A significant difference of Oral transit time was found between the oral
motor function grades (p < 0.001), also was swallowing reaction times found
between swallowing reaction duration grades (p < 0.001), and soft palate lift duration
between the soft palate lift grades (p < 0.001). Superior hyoid bone movement (p <
0.001), anterior hyoid bone movement (p < 0.001), hyoid pause time (p < 0.001), and
hyoid movement duration (p = 0.032) had significant differences between the hyoid
laryngeal complex movement grades, as did the pharyngeal cavity transit time among
the cricopharyngeal muscle opening duration grades (p < 0.001). The laryngeal
vestibule closure duration differed among the glottic closure grades (p < 0.001). No
statistically significant difference in upper esophageal sphincter opening diameter
(p = 0.682) or duration (p = 0.682) among the cyclopharyngeal muscle opening
duration grades. The pharyngeal area at rest did not significantly differ among the
different vallecular residue (p = 0.202) and pyriform sinus residue (p = 0.116) grades.

Conclusion: Several quantitative parameters can reflect the swallowing
assessment process well. Further optimization of quantitative parameters is
recommended.

dysphagia, videofluoroscopic swallowing study, qualitative analysis, quantitative
analysis, parameters

1. Introduction

Dysphagia is a term that describes abnormal swallowing function caused by various factors
in different parts of the body, with a prevalence ranging from 19% ~ 81% (1). The incidence of
dysphagia caused by stroke in the acute phase was shown to be approximately 46.3%; during the
period of convalescence, however, the incidence increased to 56.9 ~ 81.0% (2). The incidence
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rate of dysphagia varies in those with progressive neurological
conditions. In patients with Parkinson’s disease (PD), the incidence
rate is approximately 50 ~ 87.1%; however, the risk of dysphagia in
elderly patients with PD is about twice that in young patients, and the
risk of dysphagia in patients with PD with a higher Hoehn and Yahr
stage is about three times that in patients with a lower stage (3, 4). The
main clinical manifestations of dysphagia include weakening of
muscles involved in chewing, leading to food remaining in the mouth
or leaking out of the mouth after swallowing, cough, reflux, and
aspiration after swallowing (5). Related complications also include the
consequences of aspiration (such as pneumonia, repeated cough, and
asphyxia) and changes in diet and fluid intake (such as malnutrition,
dehydration, decreased quality of life, and social isolation) (1). A
literature review and analysis revealed that a series of complications
caused by dysphagia irreversibly affected the physical and mental
health of patients and their families to a certain extent (6). Ensuring
that patients with dysphagia receive timely and correct examination
and undergo appropriate and effective treatment and rehabilitation
can promote functional recovery and reduce the occurrence of
complications (7).

A videofluoroscopic swallowing study (VESS) is a special type of
examination involving X-ray fluoroscopy that is used to assess the
movement of components involved in swallowing, including the
mouth, pharynx, larynx, and esophagus. Analysis of VFSS data can
lead to the discovery of swallowing function abnormalities from spot
film and video, including further frame-by-frame and slow playback
analysis. This examination is a widely used and relatively mature
technique for assessing the swallowing function of patients in clinical
practice, as it can directly reflect dynamic changes in the functions of
the participating organs. VFSS is mainly used to assist in the diagnosis
of swallowing disorders and is considered to be the “ideal method” for
swallowing disorders examination, and it remains the “gold standard”
for diagnosis (8).

The qualitative analysis of VFSS data mainly involves the
assessment of the presence of aspiration and the evaluation of tongue
movement, cricopharyngeal muscle function, swallowing reflex,
laryngeal lift, epiglottic vallecula, and/or pyriform fossa retention via
angiography to determine the swallowing function of patients (9, 10).
Currently, qualitative analysis is the most widely used method for
clinical evaluation, owing to its simplicity and high efficiency.
However, there are certain shortcomings related to qualitative
analyses. For example, the comprehensiveness and accuracy of the
evaluation content are dependent on the patient’s cooperation during
and the methodology of the imaging examination, the quality of the
recorded video, the technical expertise of the imaging personnel, and
the analytical aptitude and experience of the rehabilitation physician
or therapist evaluating the findings. Therefore, qualitative assessments
fail to satisfy the criteria required for objective clinical evaluations and
scientific research.

With the progressive advancements in imaging technology, a
dynamic swallowing method has been developed to analyze the VFSS
in recent 30 years (11, 12). The scholars have attempted to conduct
quantitative VFSS analyses by recording the imaging data using a
digital acquisition system at a speed of 30 frames/s, browsing it frame-
by-frame, and quantifying the temporal and kinematic parameters
involved in the swallowing process (13, 14). Further standardization
and validation is required before such methods can be widely used in
quantitative clinical evaluations and scientific research involving
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patients with dysphagia. Therefore, this study aimed to conduct a
comparative analysis of quantitative and qualitative VFSS findings
among patients with clinical dysphagia to obtain more valuable
information and then use analysis software to quantify and
automatically analyze the swallowing function of patients and apply it
to clinical practice.

2. Materials and methods
2.1. Study design and participants

The participants were selected from patients with dysphagia who
were treated in the Speech Rehabilitation Department of Beijing
Rehabilitation Hospital affiliated with Capital Medical University from
June 2022 to December 2022. The inclusion criteria were as follows:
(1) patients who experienced cerebral hemorrhage and cerebral
infarction who met the relevant diagnostic criteria formulated by the
Fourth National Conference on Cerebrovascular Diseases (1995) and
received a definitive diagnosis of stroke based on head magnetic
resonance imaging (MRI); (2) patients with PD who met the MDS
clinical diagnostic criteria for Parkinson’s disease (15); (3) patients
with varying degrees of comorbid dysphagia based on Expert
consensus on evaluation and treatment of swallowing disorders in
China (2017); (4) those with stable vital signs who were able to pay
good attention to their surroundings, exhibited no serious cognitive
impairment, and were able to cooperate to complete the required
angiography. The exclusion criteria were as follows: (1) patients with
complete or severe dysphagia; (2) those with an allergy to the contrast
agent; (3) those with dysfunction of the heart, kidney and other
organs; (4) patients with organic lesions of the esophagus, pharynx,
and mouth; (5) those with a recent history of treatment with muscle
relaxants and sedatives that could affect swallowing function; (6)
individuals with cognitive impairment and mental illness; and (7)
those with thyroid disease, local infection, other local diseases of the
throat, or chronic respiratory diseases.

2.2. Sample size

We calculated the required sample size based on previous research
of the incidence of stroke in the acute phase, stroke in convalescence
and Parkinson’s disease. Based on an alpha level of 0.05 and a power
of 0.90, we estimated that we would require a total of 60 subjects,
divided among three groups.

2.3. Videofluoroscopic swallowing study
methodology

All patients underwent VFSS examination with an OPERA digital
multifunctional gastrointestinal imaging device (GMM Group).
Images were jointly collected by an radiologist with many years of
diagnostic experience and an experienced rehabilitation physician
with experience treating dysphagia. Each patient swallowed a 5 mL
volume and medium consistency of food paste, containing a thickener
and an iodohydrin contrast agent. We believe that this choice is
appropriate in terms of safety, with a moderate degree of risk of
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aspiration, meanwhile it can also cause a series of swallowing
movements, the quantitative data can be collected well, which basically
meets the needs of this study. The state of the food was recorded as it
passed through the mouth, pharynx, and esophagus in the
anteroposterior and lateral orientations through video fluoroscopy. In
VESS, the swallow was performed once.

2.4. Qualitative analysis methods

According to the VESS, abnormal swallowing function was
assessed and the related physiological and pathological components
were analyzed, including the oral motor function, swallowing reaction
function, soft palate lift function, hyoid-laryngeal complex movement,
cricopharyngeal muscle opening duration, glottic closure, and the
presence of vallecular and pyriform sinus residues. A double-blind
evaluation of the VFSS findings was conducted by a PhD candidate
studying speech rehabilitation and a professional physician with many
years of experience in diagnosing dysphagia. The two doctors
independently completed the evaluation. Any discrepancies between
the two researchers were reconciled by discussion between these two
individuals before determining the final results. Eight qualitative
components related to swallowing function were graded (16) and
scored as listed in Table 1.

TABLE 1 Grades and scoring of the qualitative items.

Oral motor Normal 3
Impaired 2
Severe impaired 1
Swallowing reaction Normal 2
Delayed 1
Soft palate lift function Normal 3
Impaired 2
Severe impaired 1
Hyoid laryngeal complex movement | Intact 3
Inadequate 2
None 1
Cricopharyngeal muscle opening Normal 3
duration Delayed P
Severe delayed 1
Glottic closure Intact 3
Inadequate 2
None 1
Unable to cooperate 0
Vallecular residue None 3
<50% 2
> 50% 1
Pyriform sinus residue None 3
<50% 2
>50% 1
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2.5. Quantitative analysis methods

The temporal and kinematic parameters of the VFSS were
collected and recorded in a double-blind manner by a speech
rehabilitation physician in the field of dysphagia and a speech
rehabilitation therapist with extensive experience in the treatment
of dysphagia. The average of each value determined by the two
evaluators was used as the final result. If the two values differed, they
were discussed, and the final result was determined
through negotiation.

An 8 mm reference ball was set up as calibration index for
calculating distances in the analysis of kinematic parameters.
Quantitative VFSS analysis contains four kinematic parameters and
eight temporal parameters. The specific kinematic parameters were
assessed including the following: (1) hyoid bone superior movement
(HSM), the vertical distance between the lowest and highest
positions of the hyoid bone during the swallowing process, from the
movement of the hyoid bone to its return to its original position
and (2) hyoid bone anterior movement (HAM), the horizontal
distance between the lowest and highest positions of the hyoid bone
(17, 18). The interception method is shown in Figures 1A,B. The
line between the lower anterior corners of C2 and C4 represented
the vertical axis, which was made neutral by rotation and lied
perpendicular to the horizontal axis of the image, C2 and C4
vertebrae shown in Figures 1A B, then sent their coordinates (x1,
yl), (x2, y2), (C4x1, C4yl), (C4x2, C4y2) to the analysis software,
and the hyoid bone movement was calculated using the built-in

Equations (1) and (2).

HAM = (X2—X1)—(C4x2—C4X1), (1)

HSM = (y2—yl)—(C4y2—C4yl), 2)

The kinematic parameters also included: (3) the upper esophageal
sphincter (UES) opening diameter, as shown in Figure 2, the width of
the narrowest part of the pharyngoesophageal sphincter in the lateral
image at the maximum degree of expansion induced by the mass in a
single swallow, with the measurement line perpendicular to the edge
of the spine (19); and (4) the pharyngeal area at rest, the minimum
lateral area of the swallowed mass and pharyngeal cavity upon
contraction in one mouthful (20).

The eight time parameters assessed have been included as
follows: (1) the oral transit time, defined as the time interval
between the food completely entering the mouth and being pushed
by the tongue muscle resulting in a change in shape until the time
at which the head of the food ball reached the intersection between
the mandibular branch and the base of the tongue (21); (2) the soft
palate elevation time, the interval between the time when initial soft
palate contact and the time at which the posterior pharyngeal wall
moves down to its original position (22); (3) the hyoid at rest
duration, the length of time when the hyoid bone is completely at
rest position during swallowing (22); (4) the hyoid movement
duration, defined as the time interval between the initiation of the
forward and downward movement of the hyoid bone and the return
of the hyoid bone to its resting position (18); (5) the UES opening
duration, representing the time interval between the beginning of
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Hyoid bone superior and anterior movement based on videofluroscopy. (A) screenshot showing the initial state of the hyoid bone after rotation;

(B) screenshot of the time point at which the hyoid bone has been lifted to the highest and farthest position after rotation. x1 is the horizontal
coordinate of the hyoid resting position, and y1 is the vertical coordinate of the hyoid resting position; x2 is the abscissa of the farthest point of hyoid
motion, and y2 is the ordinate of the farthest point of hyoid motion; C4xl is the abscissa of the lower anterior corner of C4 in the hyoid resting position,
and C4yl is the ordinate of the lower anterior corner of C4 in the hyoid resting position; C4x2 is the abscissa of the lower anterior corner of C4, the
farthest point of hyoid motion, and C4y?2 is the ordinate of the lower anterior corner of C4, the farthest point of hyoid motion

The lower anterior co

The opening diameter of UES

FIGURE 2
The upper esophageal sphincter (UES) based on videofluroscopy.

the opening and the complete closing after the mass reaches the
UES (14); (6) the swallow reaction time, which is the time interval
between the head of the mass reaching the intersection of the
lingual and mandibular branches and the start of the swallowing
phase, marked by the initiation of hyoid bone movement (14); (7)
the pharyngeal transit time, defined as the time interval between
the head of the food mass passing the intersection of the lingual and
mandibular branches and the tail of the food mass passing the UES
(23); and (8) the laryngeal vestibule closure (LVC) duration,
representing the time interval between the closing and reopening
of the laryngeal vestibule (23).

Frontiers in Neurology

2.6. Statistical analysis

Statistical Package for the Social Sciences (SPSS) version 22.0
software was used for statistical analysis. One-way ANOVA and
Bonferroni post-hoc tests were used to assess the differences in the
mean age or the mean score of the clinical groups. Kruskal-Wallis test
was used for comparison among multiple groups. p < 0.05 is
statistically significant. The measurement data conforming to a
normal distribution is expressed as mean + standard deviation, and
the measurement data not conforming to a normal distribution is
expressed as median (25th percentile-75th percentile).

To evaluate different dimensions of the qualitative values,
principal component analysis (PCA) was performed. PCA is
concerned with establishing which linear components exist within the
data and how a particular variable might contribute to that
component. The PCA was conducted with all 12 items into analysis to
maximize the loadings of the variables onto one factor (the factor that
intersects the cluster) and minimize them on the remaining factor(s).
The assumptions were fulfilled (Bartlett’s test was highly significant
and the Kaiser-Meyer-Olkin (KMO) measure of sampling adequacy
> 0.6). The analysis of the association between the qualitative results
results  was

and quantitative performed using Pearson’s

correlation coefficients.

3. Results
3.1. Overview

A total of 151 patients with dysphagia were considered for
inclusion, 123 of whom agreed to participate. Of these 123 patients,

three did not meet the inclusion criteria (one case had a respiratory
infection and two cases experienced a recurrence of sudden cerebral
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TABLE 2 The demographic characteristics of the patients with dysphagia.

Variables Patients

Sample size 117
Sex (male/female) 61/56

Mean age (years) 61.31 +12.38 (27-83)

Type

Parkinson’s disease 38
Cerebral hemorrhage 39
Cerebral infarction 40

infarction) and three temporarily refused to undergo VESS. Ultimately,
117 patients with dysphagia completed the study and were included
in the analysis. Table 2 summarizes the detailed demographic data of
the participants and the cause of dysphagia.

3.2. Qualitative grading and quantitative
value matching of VFSS

The mean and standard deviation values of the quantitative items
according to the different grades of the qualitative items of the VFSS
are listed in Table 3. Among these items, the oral transit time
significant differed among the different grades of qualitative oral
motor function; with poorer oral motor function resulting in
significant prolongation of the oral transit time. The quantitative
swallowing reaction time significantly differed among the qualitative
swallowing reaction grades; that is, the worse the swallowing reaction
grade, the longer the swallowing reaction time. Similarly, as the grade
of the soft palate lift decreased, the soft palate lift duration was
significantly prolonged. Weakening of the hyoid-laryngeal complex
movement resulted in significant shortening of the HSM and HAM
and prolongation of the hyoid pause time and hyoid movement
duration. Poorer cricopharyngeal muscle opening durations resulted
in significant prolongation of the pharyngeal cavity transit time,
poorer glottis closure grades resulted in significant prolongation of the
LVC duration.

The UES opening diameter and duration both decreased as the
grade of the cricopharyngeal muscle opening duration increased,
although neither parameter significantly differed between the different
qualitative grades of cricopharyngeal muscle opening. There was no
statistically significant difference in the pharyngeal cavity contraction
rate among the different qualitative grades of the presence of vallecular
and pyriform sinus residues. Almost all patients with dysphagia
exhibited vallecular residues (96.58%); of them, 53.10% had a small
amount, whereas 46.90% had a large amount. No vallecular residue
was observed in 4.27% of participants. Approximately 4/5 patients
with dysphagia exhibited pyriform sinus residues (83.76%); of them,
48.98% had a small amount and 51.02% had a large amount.

3.3. The qualitative total value of VFSS
corresponds to the quantitative value

The mean and standard deviation values of the quantitative
kinematic parameters for the different qualitative total value categories
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are listed in Table 4. Among them, the HSM, HAM, and pharyngeal
area at rest significantly differed according to the different qualitative
total value classifications. However, the opening diameter of the UES
did not significantly differ between the qualitative total value
classifications, although the range decreased as the qualitative total
value classification worsened.

For the time parameters, the mean and standard deviation values
of the quantitative measures for each qualitative total value range are
listed in Table 5. Every quantitative measure of the time parameters
significantly differed according to the qualitative total value
classification. As the qualitative total grading worsened, the oral
transit time, soft palate lift duration, hyoid pause time, hyoid
movement duration, swallowing reaction time, pharyngeal cavity
transit time, and LVC duration were significantly prolonged. The
opening duration of the UES was not significantly different between
the groups with good and poor qualitative values; however, it was
significantly longer than that in the group with poor results.

3.4. The correlation between the
quantitative total value and qualitative total
value

Bartlett’s test of sphericity was highly significant (p < 0.001),
indicating that correlations between the items were sufficiently high
for PCA analysis. The KMO measure verified the sampling adequacy
for the analysis, and KMO resulted in a value of 0.604, which is in
agreement with the recommended assumptions. An initial analysis
was run to obtain eigenvalues for each component in the data. Five
components had eigenvalues over Kaiser’s criterion of 1 and this
combined explains 69% of the variance. Then the factor expression of
quantitative total value is obtained, and the quantitative total value is
calculated. The correlation between the qualitative total value and the
quantitative total value was statistically significant (p = 0.036 < 0.05),
the correlation coefficient was 0.194, which shows that there is no
relevance between them.

4. Discussion

The swallowing process involves a series of complex, highly
coordinated, and fixed muscle movement behaviors. Applying
instrument to evaluate swallowing can more directly and accurately
evaluate the swallowing situation in oral, pharyngeal and esophageal
stages, and understand the integrity of the protection function of the
swallowing airway. It is significance for the diagnosis, selection of
intervention methods, and management of Dysphagia in the
swallowing stage. VFSS and flexible endoscopic examination of
swallowing (FEES) are the gold standard to determine Dysphagia. In
addition, pharyngeal cavity pressure measurement is widely carried
out in recent years, which can measure the pressure in the pharyngeal
cavity and quantify the swallowing function, such as high-resolution
pharyngeal cavity pressure measurement (HRM), upper esophageal
Sphincter pressure measurement, and automatic pharyngeal
impedance pressure measurement.

Compared to VESS, the above evaluation methods have their
unique advantages and unavoidable drawbacks. FEES can observe the
transport of food pellets to the throat during swallowing under direct
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TABLE 3 Qualitative grading and quantitative value matching of
videofluoroscopic swallowing study (VFSS).

Qualitative Quantitative
items items
Oral transit time (s)
Oral motor Normal 59 | 2.75+1.95 52.103 | <0.001
Impaired 34 | 5.40+3.41
Severe 24 | 11.46 +£5.94
impaired
Swallowing reaction
time (s)
Swallow reaction | Normal 44 | 1.00 £0.99 4.207 | <0.001
Delayed 72 | 0.55+0.54
Soft palate elevation
time (s)
Soft palate lift Normal 81 | 1.99+1.17 34.508 | <0.001
Impaired 20 | 2.17+143
Severe 16 | 8.24+6.99
impaired
HSM (mm)
Hyoid laryngeal | Intact 24 | 10.55+7.60 9.058 | <0.001
complex Inadequate 51 | 7.97 +6.52
movement None 42 4.41+£345
HAM (mm)
Intact 24 9.28+5.59 9.801 <0.001
Inadequate = 51 = 14.45+7.10
None 42 | 16.07 +£4.88
Hyoid at rest time
()
Intact 24 | 0.11+0.07 7.479 0.001
Inadequate = 51 | 0.08 +0.06
None 42 0.06£0.03
Hyoid movement
duration (s)
Intact 24 | 1.72+0.50 3.551 0.032
Inadequate = 51 @ 2.14+1.11
None 42 | 2.59+1.76
UES opening
diameter (mm)
Cricopharyngeal | Normal 58 | 6.93+2.34 0.384 0.682
muscle opening  pejayed 35 6.67+1.56
duration Severe 24 | 6.56+1.85
delayed
UES opening
duration (s)
Normal 58 | 0.90+0.25 1.823 0.166
Delayed 35 | 0.90+0.34
Severe 24 0.78+0.27
delayed
(Continued)
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TABLE 3 (Continued)

Qualitative = Grade Quantitative
items items
Pharyngeal cavity
transit time (s)
Normal 58 | 1.54+0.67 15.540 | <0.001
Delayed 35 | 1.64+0.86
Severe 24 | 2.89+1.68
delayed
LVC duration (s)
Glottic closure Intact 68 | 0.71+0.38 8.343 | <0.001
Inadequate = 22 = 1.07 £0.89
None 12| 1.44+1.05
Unable to 15/
cooperate
Pharyngeal area at
rest (%)
Vallecular None 5 | 36.60 +17.39 1.619 0.202
residue <50% 60 | 44.13+30.16
>50% 53 | 36.38 £12.19
Pharyngeal area at
rest (%)
Pyriform sinus None 19  41.75+15.39 0.116 0.890
residue <50% 48 | 41.44+27.14
> 50% 50 | 38.90+£18.97

VESS: video fluoroscopic swallowing study; HSM: hyoid bone superior movement; HAM:
hyoid bone anterior movement; UES: upper esophageal sphincter; LVC: laryngeal vestibule
closure.

view of the monitor, and observe the deformation and displacement of
food pellets in the throat. Therefore, FEES can better reflect the
anatomical structure of the throat and the accumulation of food masses
compared to VESS, and is more suitable for swallowing dysfunction
caused by cranial neuropathy, postoperative or traumatic injuries, and
anatomical structural abnormalities. It is also suitable for research on
aspiration (24, 25). Another advantage of FEES is that it has no X-ray
radiation and can be repeatedly checked. The device is easy to carry
and can be checked by the bedside. However, FEES cannot directly
observe the entire process of food mass transportation, and can only
judge the swallowing effect through indirect information on the
distribution of food mass in the pharynx after swallowing. Without
hunger, the opening of the cricopharyngeal muscle can be directly
observed. Therefore, it cannot directly evaluate the coordination
between swallowing organs. When the swallowing amount reaches its
maximum or the food covers the laryngoscope lens, it will not
be imaged. HRM can dynamically and continuously reflect the changes
in pharyngeal pressure throughout the swallowing process, with a
focus on reflecting pharyngeal coordination. The disadvantage is that
it is not possible to directly see the anatomical structure and food
passage status, nor can it determine whether there is aspiration (26).
Meanwhile, VFSS still has certain drawbacks. If it wants to receive
X-ray radiation, it needs to be transferred to the radiology department,
which cannot reflect the sensory function of the pharynx. The most
important thing is that it cannot quantitatively analyze the pharyngeal
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TABLE 4 Comparison to quantitative values of motion parameters (mm) by qualitative total value.

Qualitative total n HSM HAM UES opening Pharyngeal area at
value diameter rest (%)

Good (24/-20') 29 4.83+3.98 10.17 + 633 7.20+1.38 41.80 + 18.51
Passable (19'13") 68 8.50 7.74 14.83 + 6.59 6.70 % 1.90 41.35+24.74

Poor (12'-8') 20 8.87 + 3.65 1631 + 4.52 620+ 1.04 55.00 + 9.54

F 3.745 7.438 1.225 3304

P 0.027 <0.001 0230 0.040

HSM: hyoid bone superior movement; HAM: hyoid bone anterior movement; UES: upper esophageal sphincter.

muscle contraction force and the pressure inside the food mass, and
much of the information recorded during VFSS cannot be fully
utilized. However, the location can be determined and symptoms of
dysphagia can be observed by angiography during swallowing.
Previous studies have confirmed that dynamic contrast quantitative
analysis technology can effectively clarify the relationship between the
movements of the organs involved in swallowing as a food bolus passes
(27-29). Applying VESS to the analysis of muscle relaxation and
contraction of the upper sphincter of the esophagus and pharynx can
provide more detailed information than can be determined by
assessments based on contrast alone. Determining the relationship
between quantitative and descriptive findings could be useful in clinical
practice, although it was previously unknown whether such outcomes
would consistently match up. Therefore, the VFSS qualitative and
quantitative results were compared and analyzed in this study.

The quantitative values of the kinematic parameters differed based
on the qualitative grades of the VESS. First, weakening of the
movement of the hyoid-laryngeal complex resulted in lower HSM and
HAM values, confirming the weaker the movement of the hyoid
laryngeal bone complex, the greater the degree of swallowing
dysfunction. This finding is consistent with the results of other studies
that have investigated swallowing physiology and pathology (17, 30).
Movement of the hyoid-laryngeal complex is a crucial component of
swallowing function, as it helps ensure the closure of the throat, the
return of the epiglottis, the opening of the cricopharyngeal muscle,
and the smooth and safe completion of swallowing activities.
Measuring the displacement of the hyoid bone is often used to
quantify the movement ability of the hyoid-laryngeal complex.
During swallowing, the vertical movement of the hyoid bone drives
the closure of the epiglottis, which is beneficial for the protection of
the airway, whereas the forward movement of the hyoid is beneficial
for the opening of the UES (31). Theoretically, upward and forward
displacement of the hyoid bone plays a positive role in swallowing.
The results of this study also confirmed that the measuring the
displacement of the hyoid bone can help to objectively evaluate the
motion amplitude of the hyoid-laryngeal complex and can compensate
for the lack of information provided in clinical evaluations based
solely on observation of tongue extension or swallowing angiography
to describe the motion of the hyoid-laryngeal complex.

An increase in the cricopharyngeal muscle opening duration,
however, did not significantly alter the opening diameter of the
UES. Similarly, the opening duration of the UES did not change
significantly with the different qualitative total value categories.
Physiologically, the coordination of activities involved in swallowing
mainly the coordination of UES relaxation and pharyngeal muscle
contraction, as well as the sequential movement of upper and lower
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pharyngeal muscle contractions. The evaluation of swallowing
coordination via VESS is mainly based on the observation and
description of the opening of the cricopharyngeal muscle; however, such
observations may be subjective, and no unified diagnostic criteria have
been established. In contrast, quantitative analysis allows for the
assessment of the opening range of the UES, which is an important
quantitative index that reflects the coordination of the swallowing
process (32). The quantitative analysis of the VFSS data facilitated the
measurement of the opening range of the UES, although no obvious
difference with qualitative total value; one possible explanation for this
could be related to the primary disease associated with the dysphagia
among the patients included in this study. Previous studies have
reported that coordination of movements involved in swallowing is
regulated by the swallowing pattern generator within the brainstem (33,
34). The development of a brainstem lesion usually manifests as
weakening of the pharynx’s ability to push and/or an abnormal UES
relaxation function, which can easily lead to serious consequences that
include leakage or aspiration. However, the present study did not
include patients with such brainstem diseases; therefore, the value of the
UES opening diameter does not reliably reflect the relaxation of the
cricopharyngeal muscle.

There was no significant difference in the pharyngeal area at rest
between the different qualitative grades of vallecular and pyriform
fossa residues. The pharyngeal area at rest can be used as another
objective index for evaluating the coordination of the pharyngeal
phase of swallowing. The pharyngeal cavity contraction rate reflects
the degree of contraction during swallowing in the pharyngeal phase
(35, 36). In this stage, the hyoid bone on the larynx moves upward, the
arytenoepiglottis and thyrohyoid muscles contract, and the base of the
tongue inclines backward to ensure the epiglottis forms a proper
cover; while the epiglottis valley on both sides is oriented close to the
midline, the muscle group in the larynx contracts, the vocal cord and
the ventricular band retracts, the glottis closes, and the pharyngeal
constrictor retracts. During this time, the laryngopharynx and
pyriform fossa are open, and the food mass is squeezed across the
epiglottis, reaching the esophageal entrance; the opening of the upper
esophageal sphincter is coordinated to ensure smooth passage of food
through the pharyngeal cavity for entry into the esophagus. Thus, the
main function of the pharyngeal cavity and the related muscle
contraction is to clear the pharyngeal mass and squeeze the food bolus
downward into the esophagus during swallowing. When swallowing
disorders are caused by various organic and neuromuscular
abnormalities, the ability of the pharyngeal cavity to clear food
decreases, the corresponding size of the food mass remaining in the
pharyngeal cavity increases, and the corresponding pharyngeal cavity
contraction rate decreases. Aspiration can easily occur when the
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TABLE 5 Comparison of quantitative values of time parameters by qualitative total value.

10.3389/fneur.2023.1213491

Qualitative Oral Soft Hyoid at Hyoid UES Swallow  Pharyngeal LvC
total value transit  palate lift rest movement opening  reaction cavity duration
time (s) duration duration duration duration  time(s) @ transit time (s)
(s) (s) (s) (s) (s)

Good (24/-20) 29 | 320£314  172%142 0.08 + 0.06 1.72 +0.55 0.91+0.31 0.52 +0.43 1.44 +0.51 0.59 +0.11
Passable (19'_13') 68 | 393+334  252+220 0.08 £ 0.06 214+ 111 0.92 +0.29 0.65 + 0.57 2.01 +1.00 0.92 +0.78
Poor 20 113100  898+8.60 0.05 + 0.02 320+2.16 0.70 + 0.17 2.24+2.06 2.75+222 1.02+0.36
(12'-8")

F 18.956 24.181 3.696 8.493 5230 23272 6.880 3.645

P <0.001 <0.001 0.028 <0.001 0.007 <0.001 0.002 0.029

UES: upper esophageal sphincter; LVC: laryngeal vestibule closure.
No., number.

glottis reopens. Previous studies have shown that in the treatment of
dysphagia, improving pharyngeal contraction can effectively reduce
the residue remaining after swallowing (37). However, the pharyngeal
cavity contraction rate in this study did not significantly correlate with
the grading of epiglottic valley and pyriform fossa residues.
Considering the limited inclusion of primary diseases in this study,
measurements of the pharyngeal cavity area and contraction rate may
have had little correlation with the presence of such residues. In
addition, the results of this study revealed that 96.58% of the patients
had vallecular residues, 83.76% had pyriform fossa residues, and the
average contraction rate of the pharyngeal cavity was 40-55%.
Therefore, it is also possible that the 5 mL volume of food paste
administered in this study was too small, which could have resulted
in weak sensory and motor stimulation of the pharynx, thereby
affecting the contraction of the pharyngeal constrictor muscle and
resulting in insufficient peristalsis.

In this study, most of the quantitative and time parameter values
showed statistically significant differences according to the different
qualitative grades assigned during the VESS, including the oral transit
time, swallowing reaction time in the pharyngeal phase, soft palate lift
duration, hyoid movement duration, pharyngeal cavity transit time,
and LVC duration. However, the UES opening duration poorly
reflected the degree of cricopharyngeal muscle opening, which is
consistent with the UES opening diameter results.

All quantitative values were measured or calculated built-in
software tools and formulas, reflecting a portion of the time sequence
and interval during the swallowing process. A factor analysis for
dimensionality reduction of the 12 quantitative variables was
conducted, and the results suggested that the quantitative items were
relatively independent. The five principal components selected barely
represented all of the quantitative values; that is, the measurements of
the 12 quantitative variables could still adequately describe the entire
swallowing process. The results of this study also show that there is a
low correlation between the quantitative total value and the qualitative
total value, which means quantitative results can not reveal that the
correlation and sensitivity with qualitative results. However, since the
types and definitions of the parameters used by various institutions
are not yet unified, this study suggests that in the future selection of
quantitative parameters of VFSS, studies should continue to optimize
the existing parameters and attempt to screen out and standardize
effective and comprehensive parameters to fully describe the
swallowing process. This could help promote their use in clinical
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settings to better evaluate the effects on patients before and after
treatment or the differences between patients.

The quantitative of VFSS based on pathological samples collected
from a wide range of individuals with multiple diseases, the extraction
of the most effective and valuable information from dysphagia
angiography and the objective comparison of the levels of functionality
within-patients before and after treatment, as well as between patients,
can fully meet the comprehensive needs of scientific research,
stimulate more innovative research, and generate ideas and references
for the evaluation and follow-up treatment of dysphagia. For now, the
quantitative analysis of VFSS is mainly used to describe the
physiological state of swallowing (14, 38), explore the pathological and
physiological characteristics of swallowing in different diseases (23,
39), analyze the effects of age, gender, texture of food balls and other
factors on swallowing (40, 41), and evaluate treatment efficacy (42,
43). In the future, the quantitative results should be used for
evaluation, and future studies should assess other valuable parameters
and improve those with poor reliability, validity, and matching. With
progress in science and technology and further deepening of research
in this field, fully automated quantitative analysis of VFSS data could
become possible, improving the effectiveness of swallowing
assessments and reducing the burden on clinical workers.

5. Strengths and limitations

This study has the following limitations: (1) the types of patients
with dysphagia selected in the study was relatively limited, the patients
with PD were in phase 1-2, and the existing dysphagia was relatively
mild, and the representativeness of the sample was relatively weak, so
further research must be conducted in the future with an improved
design; (2) the type of food balls selected was relatively fixed, which
could have had a certain impact on the results; (3) the sample size
needs to be further expanded; (4) during video acquisition, due to the
patients’ conditions, the body position, head control, and degree of
cooperation could have been impacted, among other factors, which
could have affected the clarity of imaging of various anatomical
components, resulting in difficulties and errors in the qualitative
analysis; (5) when obtaining various quantitative results, semi-
automatic methodologies may lead to some measurement errors due
to deviations of the measurer’s understanding of the measurement
technique, and the workload of the data acquisition process is large
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with many steps, so fatigue could have led to some measurement
errors; and (6) considering the imaging factors, the radiation
amplification effect could give the impression that the distance
between two points on the image is larger than the actual value, and
the radial distortion of the ray could stretch the length of the structure
around the image. Radiation amplification and radial distortion of the
rays may have affected the accuracy of the analysis.

6. Conclusion

In conclusion, there was a good match between the qualitative and
quantitative VFSS time parameter values. However, the kinematic
parameters did not accurately reflect the quantitative results.
Determining quantitative values can still sufficiently describe the
entire swallowing process, and these measures positively correlated
with results of the qualitative evaluations. It is reccommended that the
quantitative evaluation parameters be optimized in future studies to
facilitate assessments

of swallowing function in patients

with dysphagia.
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