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Abstract The purpose of this study was to investigate the
mechanisms of aspiration with respect to the viscosity of
ingested material in patients with dysphagia. Seventy
patients with dysphagia underwent videofluoroscopic
swallow studies (VFSS) between May 1, 2009 and Sep-
tember 30, 2009. Based on the findings of the VFSS,
patients were divided into three groups: a thick-fluid
aspiration group, a thin-fluid aspiration group, and a no-
aspiration group. Kinematic analyses were performed
during thick-fluid swallowing. Among our 70 patients, 23
had thick-fluid aspiration, 20 had thin-fluid aspiration, and
27 had no aspiration. A shortened duration of upper
esophageal sphincter (UES) opening, a shorter interval
between UES opening and peak pharyngeal constriction,
and a diminished extent of laryngeal elevation were all
significant risk factors for thick-fluid aspiration. A pro-
longed latency of the swallowing reflex, pharyngeal transit
time, and the interval between bolus arrival at the vallecula
and laryngeal elevation were all significant risk factors for
thin-fluid aspiration. Our kinematic analysis of dysphagia
employing the VFSS indicated that the mechanisms rele-
vant to aspiration differed with respect to food viscosity.
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A videofluoroscopic swallow study (VFSS), an X-ray-
based analysis of swallowing function, is a well-established
tool used to analyze swallowing function in patients with
dysphagia. The kinematic analysis provided by VFSS can
reveal subtle abnormalities of swallowing and allows
improved data interpretation [1]. Moreover, VFSS provides
objective data permitting meaningful comparisons between
the swallowing function of normal and abnormal subjects,
between groups of patients, and for an individual patient
studied at different times.

Previous kinematic analyses of swallowing in normal
subjects have documented differences in oropharyngeal
muscle activity and pressure changes as bolus viscosity
varied, but few studies have explored changes in the
timing and extent of swallowing gestures as they relate
directly to bolus transit [2, 3]. Most previous reports on
kinematic analysis of VFSS focused on normative data,
but published research has not been based on VFSS
for identifying pathophysiologic features [2, 4, 5]. For
example, Kendall et al. [1] analyzed, in detail, the timing
of bolus pharyngeal transit, soft palate elevation, aryepi-
glottic fold elevation, supraglottic closure, arrival of the
bolus in the vallecula, hyoid bone displacement onset and
duration, arrival of the bolus at the pharyngoesophageal
sphincter, maximum pharyngeal constriction, and pha-
ryngoesophageal sphincter opening. However, they did
not study any of the pathophysiology of dysphagia, the
causes of aspiration, or differences in aspiration with
variation in food viscosity.



K. H. Choi et al.: Kinematic Analysis of Dysphagia

393

In the present study, we compare the kinematics of a no-
aspiration group, a thick-fluid aspiration group, and a thin-
fluid aspiration group to identify clinically significant
measures that can be used to identify such patients. We
expect that data obtained from our analysis of 21 swal-
lowing parameters will provide insight into the patho-
physiology of dysphagia and that identification of the most
significant parameters of aspiration related to bolus vis-
cosity will allow better identification and evaluation of
patients with dysphagia.

Methods
Participants

Our study was a prospective observational project con-
ducted between May 1, 2009, and September 30, 2009. A
total of 132 patients underwent VFSS at a tertiary hospital
for evaluation of dysphagia. The study protocol was
approved by the Institutional Review Board of the Bund-
ang Cha Hospital. All participating patients provided
written informed consent.

All initially enrolled patients suffered from dysphagia,
had evaluable VFSS, had stable vital signs, and were phys-
ically able to participate in our study. We excluded patients
with severe cognitive dysfunctions, serious psychiatric dis-
orders, younger than 20 years, had cervical surgery, and
were uncooperative for various reasons. Many patients were
evaluated more than once, and only the results from the first
examination are included in the present analysis. Causes of
exclusion were nonvisualization of VFSS (n = 3), incom-
plete evaluation (n = 12), abnormal posture (such as chin-
down or chin-up) (n = 12), cognitive dysfunction (n = 18),
cervical fusion surgery (n = 3), and complete cricopha-
ryngeal dysfunction (n = 4).

Methods

Thick fluid (viscosity > 1750 cP), dysphagia I (viscosity
range = 351-1750 cP, pureed diet), dysphagia II (same
viscosity, mechanically altered), dysphagia III (same vis-
cosity, regular texture), nectar like (51-350 cP), and thin
fluid (1-50 cP) boluses were swallowed sequentially [6, 7].
Each subject received one 3-ml bolus, followed by two
boluses each of 5 ml. Fluid (thick, nectar like, and thin) was
delivered using 10-ml syringes, whereas patients with dys-
phagia of grades I, II, and III were fed using spoons. Patients
were asked to hold the liquid briefly in the oral cavity before
swallowing on command. Artificial inflation in tracheos-
tomy patients was discontinued during VFSS. The patients
swallowed a thick-fluid bolus first. If any patient demon-
strated aspiration with this first bolus category, the study was

stopped and no further trials with boluses of other consis-
tencies were done. The patients that aspirated on this first
bolus category were grouped together into the thick-fluid
aspiration group (Rosenbek penetration-aspiration scale: 6,
7, 8). If the patient did not aspirate on the thick fluid, he/she
was given thin fluid. Those that aspirated on the thin fluid
were grouped as thin-fluid aspiration group (Rosenbek
penetration-aspiration scale: 6, 7, 8) and those that did not
aspirate at all were grouped into a no-aspiration group
(Rosenbek penetration aspiration scale: 1, 2, 3, 4, 5) [8].

The thick-fluid aspiration group included patients with
dysphagia after ingestion of thick fluid, dysphagia I, II, and
III, and showed accumulation of fluid below the vocal
cords. The thin-fluid aspiration group included patients
who, after ingestion, showed a pool composed of both thin
and honey-like fluid below the vocal cords. The no-aspi-
ration group comprised patients in whom no ingested
material was evident below the vocal cords.

Figure 1 shows the swallowing processes of a normal
person, i.e., one without dysphagia [1, 9]. The definition of
the pharyngeal phase varies in different studies [1, 10]; we
used the posterior nasal spine as a landmark for the begin-
ning of the pharyngeal phase of a swallow, and closure of the
pharyngoesophageal sphincter (PES), with entrance of the
bolus tail into the esophagus, as the end point of the pha-
ryngeal phase [1, 9]. The larynx is visible on a lateral pro-
jection of a radiograph because of the hypodensity of the
tracheal air column. Thus, it is possible to identify when the
vocal cord begins to elevate [2, 6]. The latency of laryngeal
elevation is defined as the time from the initiation of the
pharyngeal phase to the initiation of laryngeal elevation.
Peak laryngeal elevation is defined by measuring the point of
maximal anterior and superior excursion of the larynx dur-
ing a swallow [5]. It is also possible to identify the con-
striction of the pharyngeal wall and the soft palate. The
latency of pharyngeal constriction is defined as the time
from the initiation of the pharyngeal phase to the initiation of
constriction of the pharyngeal wall and the soft palate. As the
bolus is propelled into the upper esophagus, the pharynx is
typically completely obliterated by the tongue, which
pushes against the contracting posterior pharyngeal wall.
The peak pharyngeal constriction is the narrowest observed
anterior-posterior diameter, as measured in a lateral view
[11]. The upper esophageal sphincter (UES) opening was
identified as the moment at which the narrowest part of the
upper esophagus between C4 and C6 opened, because this
opening is functionally the most significant [1, 12, 13].

To account for magnification during fluoroscopy, a
token (23 mm in diameter) was placed under the mandible
to measure the extent of laryngeal elevation, which was
assessed at the midportion of the vocal cord.

We measured various time intervals during the
swallowing process (pharyngeal phase), including that
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Fig. 1 Swallowing processes of
a normal person. a Initiation of
pharyngeal phase. b Latency

of epiglottis contact. ¢ Latency
of UES opening. d Latency of
peak laryngeal elevation.

e Latency of peak pharyngeal
constriction

epiglottis

of epiglottis contact with the bolus, laryngeal eleva-
tion, pharyngeal constriction, and UES opening. Thus,
21 wvariables were measured in the present study
(Table 1).

VESS was recorded using a camcorder (Samsung SMX-
C14®) running at 30 frames per second [3]. The images
were saved on a personal computer and analyzed by one of
the authors on a multimedia player (Gomplayer; Gre-
tech®); this author was blinded to subject identity. Timing

Table 1 Abbreviations and definitions

cord
pesk
bryngeal
devation

measures were reported in 1/100 s. Kinematic analyses
were performed among the three groups by swallowing
5 cc of thick fluid to minimize the effect of viscosity and
volume.

Statistical Analysis

SPSS for Windows 12.0 (SPSS Inc., Chicago, IL) was used
for statistical analysis. Initial comparisons were performed

Variables Definition

LEC Interval between the initiation of pharyngeal phase and epiglottis contact (arrival at vallecula)
LLE Interval between the initiation of pharyngeal phase and the initiation of laryngeal elevation
LPC Interval between the initiation of pharyngeal phase and the initiation of pharyngeal contraction
LUEO Interval between the initiation of pharyngeal phase and the initiation of UES opening

LPLE Interval between the initiation of pharyngeal phase and the peak laryngeal elevation

LPPC Interval between the initiation of pharyngeal phase and the peak pharyngeal contraction

PTT Interval between the initiation of pharyngeal phase and closure of pharyngoesohageal sphincter
LLE-LEC Interval between latency of epiglottis contact and latency of laryngeal elevation

LPC-LLE Interval between latency of laryngeal elevation and latency of pharyngeal contraction
LPPC-LLE Interval between latency of laryngeal elevation and latency of peak pharyngeal contraction
LUEO-LLE Interval between latency of laryngeal elevation and latency of UES opening

LPLE-LPC Interval between latency of pharyngeal contraction and latency of peak laryngeal elevation
LPPC-LPLE Interval between latency of peak laryngeal elevation and latency of peak pharyngeal contraction
LPLE-LUEO Interval between latency of UES opening and latency of peak laryngeal elevation

LPLE-LLE Rise time of laryngeal elevation

DLE Interval between the initiation and the end of laryngeal elevation

LPPC-LPC Rise time of pharyngeal contraction

DUEO Interval between the opening and closing of UES opening

LUEO-LPC Interval between latency of pharyngeal contraction and latency of UES opening

LUEO-LPPC Interval between latency of peak pharyngeal contraction and latency of UES opening

DisLE Extent of laryngeal elevation
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among the three groups. Data are expressed as
mean =+ standard deviation. Data were analyzed by mul-
tifactorial analysis of variance (ANOVA). Post-hoc paired
comparisons were performed using Tukey’s and/or Dun-
can’s adjustment for multiple comparisons. A p < 0.05
was considered statistically significant. An interrater reli-
ability test was not necessary because all analyses were
performed by a single author. Intrarater reliability was
established over ten swallowing studies and was over 90%
for each measure assessed.

Results

A total of 70 patients (41 men, 29 women; average
age = 67.8 £ 14.1 years) were enrolled in the study.
Among these 70 patients, the etiologies of dysphagia were
stroke (n = 60), brain tumor (n = 1), otolaryngologic dis-
order (n = 2), Parkinson’s disease (n = 2), and other med-
ical diseases (n = 5) (Table 2). Of the 60 stroke patients, the
average time since the stroke was 683 + 1661 days. Nine-
teen were evaluated within 1 month of stroke, 16 between 1
and 3 months, and 25 patients later than 3 months.

A total of 23 patients showed aspiration with thick fluid
during VFSS and were placed in the thick-fluid aspiration
group, 20 demonstrated aspiration with thin fluid during
VESS and were placed in the thin-fluid aspiration group,
and 27 had no aspiration with either thick or thin fluid and
were placed in the no-aspiration group.

Table 3 defines the 21 measured variables. LLE, LPC,
LUEO, LPLE, LPPC, PTT, LLE-LEC, DUEO, LUEO-
LPPC, and DisLE differed significantly among the three
groups (p < 0.05). Further analysis indicated that DUEO
varied significantly between the thick-fluid aspiration
group and the no-aspiration group, whereas both LUEO-
LPPC and DisLE in thick-fluid aspiration patients were

significantly different from those in both the thin-fluid
aspiration and no-aspiration groups (Table 4, p < 0.05).
LLE, LPC, LUEO, LPLE, LPPC, PTT, and LLE-LEC
differed significantly between the thin-fluid aspiration
group and the no-aspiration group (Table 5, p < 0.05).

Discussion

We sought to determine the mechanisms and predictors of
aspiration in patients with dysphagia using VFSS. Our
results indicate that particular variables are strongly asso-
ciated with aspiration and further show that aspiration is
related to food viscosity. These findings have potentially
significant clinical implications.

Previous studies have provided detailed kinesiologic
descriptions of the swallowing mechanism [3, 14, 15].
Motions of the hyoid bone depend on the position of the
jaw and contraction of the suprahyoid and infrahyoid
muscles. During swallowing, contraction of these muscles
pulls the hyoid bone, larynx, and adjacent anterior pha-
ryngeal wall upward and forward, opening the pharyngo-
esophageal sphincter (PES) [14]. Displacement of the
hyoid bone and larynx were highly correlated, suggesting
that these structures share a common muscular mechanism
of movement. Although elevation of the PES may be aided
by laryngeal elevation, contraction of the suspensory
muscles of the pharynx above the PES also contributes to a
greater PES vertical displacement [3, 14, 15]. Disruption of
this mechanism may result in dysphagia and aspiration.

In the present study we found that a short duration of the
UES opening, a shortened interval between peak pharyn-
geal constriction and the onset of UES opening, and a
decrease in the extent of laryngeal elevation were all sig-
nificant risk factors for thick-fluid aspiration. According to
previous studies, a more viscous bolus has been shown to

Table 2 Demographic data

Thick-fluid Thin-fluid No Total
aspiration aspiration aspiration
Number 23 20 27 70
Age (year) 65.0 + 15.1 73.7 £+ 10.1 66.0 + 15.0 67.8 + 14.1
Sex (M/F) 14/9 12/8 15/12 41/29
Tracheostomy (Yes/No) 6/17 2/18 5122 13/57
Causes
Cerebral infarction 14 15 13 42
Cerebral hemorrhage 4 4 5 13
Subachronoid hemorrhage 1 0 4 5
Brain tumor 1 0 0 1
Parkinson disease 1 1 0 2
Medical disease 1 0 4 5
Head and neck cancer 1 0 3 2
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Table 3 Descriptive analyses

Thick-fluid aspiration

Thin-fluid aspiration

No aspiration

p value

of variables
LEC 0.61 £+ 1.01 0.36 £+ 0.18 0.24 £ 0.11 0.087
LLE* 1.67 £+ 2.07 2.44 + 3.02 0.46 £+ 0.78 0.006
LPC* 1.71 £ 2.04 2.49 + 3.03 0.52 £ 0.79 0.006
LUEO* 1.96 £ 2.06 272 £ 3.03 0.73 £ 0.81 0.006
LPLE* 2.05 £ 2.07 2.88 £+ 3.02 0.85 + 0.82 0.005
LPPC* 2.07 £ 2.06 2.93 + 3.07 0.93 £+ 0.78 0.006
PTT* 2.35 £ 2.00 3.21 £ 3.07 1.23 £ 0.82 0.006
LLE-LEC* 1.06 + 1.32 2.08 + 3.01 0.22 + 0.74 0.004
LPC-LLE 0.04 £ 0.12 0.05 £+ 0.05 0.06 £+ 0.13 0.852
LPPC-LLE 041 £0.14 0.49 £ 0.15 0.48 £ 0.11 0.097
LUEO-LLE 0.29 £ 0.12 0.29 £+ 0.07 0.27 £ 0.11 0.759
LPLE-LPC 0.35 £ 0.15 0.39 £ 0.12 0.34 £+ 0.16 0.431
LPPC-LPLE 0.02 £ 0.13 0.05 £ 0.14 0.08 £ 0.15 0.318
LPLE-LUEO 0.09 £ 0.15 0.16 £ 0.11 0.12 £ 0.13 0.291
LPLE-LLE 0.39 £ 0.13 044 £+ 0.12 0.40 £+ 0.14 0.344
DLE 1.25 £+ 0.46 1.30 £ 0.28 1.24 £ 0.25 0.852
LPPC-LPC 0.37 £ 0.13 0.44 £+ 0.137 042 £+ 0.12 0.162
DUEO* 0.39 £ 0.21 0.49 £ 0.13 0.50 £ 0.12 0.043

For definition of abbreviations LUEO-LPC 0.25 £ 0.09 0.24 £ 0.06 0.21 £ 0.12 0.370

see Table I LUEO.LPPC* 0.1 % 0.1 021 % 0.12 0.20 % 0.077 0.003

Unit of measure is seconds DisLE* 037 £ 0.17 057 £ 0.13 059 + 0.13 <0.001

* p < 0.05

Table 4 Main determinant of thick-fluid aspiration

Thick-fluid aspiration (A) Thin-fluid aspiration (B) No aspiration (C) p value Tukey
DUEO* 0.39 £+ 0.21 049 £ 0.13 0.50 £ 0.12 0.043 A vs. C: 0.055
LUEO-LPPC* 0.11 £ 0.11 0.21 £ 0.12 0.20 £ 0.08 0.003 A vs. C: 0.007
A vs. B: 0.011
DisLE* 0.37 £ 0.17 0.57 £ 0.13 0.59 £ 0.13 <0.001 A vs. B: 0.000
A vs. C: 0.000

For definition of abbreviations see Table 1

A thick-fluid aspiration group; B thin-fluid aspiration group; C no-aspiration group

Unit of measure is seconds

*p < 0.05

Table 5 Main determinant of thin-fluid aspiration

Thick-fluid aspiration (A) Thin-fluid aspiration (B) No aspiration (C) p value Tukey

LLE* 1.67 £ 2.07 2.44 + 3.02 0.46 £+ 0.78 0.006 B vs. C: 0.005

LPC* 1.71 £ 2.04 249 £+ 3.03 0.52 £ 0.79 0.006 B vs. C: 0.005

LUEO* 1.96 £+ 2.06 2.72 £ 3.03 0.73 £ 0.81 0.006 B vs. C: 0.005

LPLE* 2.05 £ 2.07 2.88 £+ 3.02 0.85 £ 0.82 0.005 B vs. C: 0.004

LPPC* 2.073 £ 2.06 293 £+ 3.07 0.93 £ 0.78 0.006 B vs. C: 0.005

PTT* 2.35 £ 2.00 3.21 £ 3.07 1.23 + 0.82 0.006 B vs. C: 0.005

LLE-LEC* 1.06 £ 1.32 2.08 + 3.01 0.22 £ 0.74 0.004 B vs. C: 0.003

For definition of abbreviations see Table 1

A thick-fluid aspiration group; B thin-fluid aspiration group; C no-aspiration group

Unit of measure is seconds

*p <0.05
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elicit increased strength and duration of contractile activity
in the suprahyoid muscles [9] and a slowing and prolon-
gation of the PES opening [16]. In line with the longer
duration of the PES opening, Dantas et al. [16] found that
the anterior movement of the hyoid bone-larynx complex
was more marked during swallowing of a thick-fluid bolus.
These data suggest that both insufficient pharyngeal pres-
sure and inadequate laryngeal elevation are important in
compromising the swallowing of thick fluid. Our data show
that insufficient pharyngeal constriction and diminished
laryngeal elevation were significant risk factors for thick-
fluid aspiration.

Our thorough investigation of the time course of swal-
lowing a thick fluid indicated that on average, larynx-to-
hyoid approximation achieves a maximum value after the
PES has opened. These results are consistent with those of
previous studies [5]. This may reflect a secondary protec-
tive mechanism of the airway, which becomes more tightly
sealed during the time of greatest pressure in the pharynx
[5]. Kendall et al. [2] showed that the onset of hyoid bone
elevation relative to the start of a swallow did not vary with
a change in bolus consistency but that the timing of other
parameters was different. Kendall and Leonard [11] also
examined the timing of maximum constriction relative to
arrival of the bolus at the UES and found that the rela-
tionship between maximum constriction time and UES
arrival of the bolus was the same in elderly and young
groups for both thick- and thin-bolus categories. However,
after maximum pharyngeal constriction, the bolus took
much longer to pass completely through the UES in elderly
patients. Our data tended to show that elderly patients
demonstrated pharyngeal weakness that correlated with a
longer duration of pharyngeal transit. In other words,
weakness of the pharyngeal muscles and/or a fall in the
duration of pharyngeal constriction reduced the length of
time during which the UES was open. Although the dura-
tion of pharyngeal constriction per se was not a significant
risk factor for aspiration, UES was indeed significant in this
regard. Reductions in the durations of UES and diminished
laryngeal elevation may have a common clinical cause,
e.g., poor hyolaryngeal elevation.

In the present study we identified the following param-
eters as significant risk factors for thin-fluid aspiration:
increased latency of the swallowing reflex (latency of
laryngeal elevation, latency of pharyngeal constriction,
latency of UES opening, peak latency of laryngeal eleva-
tion, peak latency of pharyngeal constriction); pharyngeal
transit time; and the interval between arrival of the bolus at
the vallecula and laryngeal elevation. These were all timing
measures of swallowing gestures relative to the onset of
bolus pharyngeal transit. In other words, the onset of lar-
yngeal elevation, the onset of pharyngeal constriction, the
onset of UES opening, peak laryngeal elevation, and peak

pharyngeal constriction were significantly delayed in
patients who aspirated thick fluid and more delayed in
patients who aspirated only thin fluid, compared to the
nonaspirating group. Furthermore, we found delays in
overall bolus pharyngeal transit timing that demonstrated a
pattern similar to that of gesture timing with regard to
patient category. This finding is the opposite of what one
might expect. In general, thick fluids are considered to be
less likely to be aspirated because they hold together better.
The study results indicate that patients who aspirated only
thin fluid and not thick fluid were more delayed/abnormal
than the patients who aspirated thick fluid (and presumably
would have also aspirated the thin fluid).

It is notable that LEC was found to be the first event to
occur during the swallow, and it was significantly delayed
in patients who aspirated compared to those who did not,
but in a pattern opposite to all subsequent variables. In
other words, LEC was more delayed in patients who
aspirated thick fluid than in patients who aspirated only
thin fluid. In addition, LLE-LEC was significantly pro-
longed in patients who aspirated compared to those who
did not, but in a pattern similar to the delays in gesture
timing relative to the onset of the swallow. According to
these results, we might conclude that those individuals
who demonstrate significant delays in the movement of
the bolus through the first part of the swallow are at
higher risk of aspirating only thick fluid. On the other
hand, aspirators of thin fluid but not thick fluid tend to
demonstrate a further delay in the onset of gestures
required for adequate airway protection relative to the
movement of the bolus.

A previous study on predictors of aspiration indicated
that delayed pharyngeal swallowing and reduced laryngeal
elevation were both significant risk factors for aspiration
[17]. Prolonged pharyngeal transit times have been asso-
ciated with an increased incidence of aspiration pneumonia
in several patient populations [18-20]. However, the cited
studies did not evaluate thick fluid and thin fluid separately
and did not employ quantitative kinematic analysis.

When we compared the timing of several swallowing
gestures to one another, in other words, the coordination of
the swallowing gestures, there was no difference between
the groups. This indicates that the coordination of swal-
lowing gestures did not deteriorate further in the patient
population who aspirated compared to the patient popula-
tion that did not aspirate.

We enrolled only 70 patients who had diverse disorders,
and future studies with larger patient numbers are thus
required to explore kinematic differences in swallowing
with respect to disease entity. Because a manometer was
not used in this study, we could not evaluate the role of
lingual pressure generation which has been shown to
increase as viscosity increases.
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Summary

Our kinematic analysis of patients with dysphagia allowed
us to identify factors associated with aspiration. The
duration of the UES opening, the interval between LUES
and LPPC, and the extent of laryngeal elevation were all
significant risk factors for thick-fluid aspiration. In addi-
tion, the latency of the swallowing reflex (latency of lar-
yngeal elevation, latency of pharyngeal constriction,
latency of UES opening, peak latency of laryngeal eleva-
tion, peak latency of pharyngeal constriction); pharyngeal
transit time; and the interval between latency of epiglottis
contact and latency of laryngeal elevation were all signif-
icant risk factors for thin fluid aspiration.
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