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Objectives: The purpose of this study was to examine whether traditional swallowing intervention improves the initiation or duration of laryngeal closure in post-stroke survivors using
the initial and follow-up videofluoroscopic swallowing study (VFSS).
Methods: Twelve post-stroke survivors completed traditional swallowing intervention such as
postural changes and swallowing exercises. The initial VFSS was performed at the acute or
subacute stage and the follow-up VFSS occurred at 3 to 5 weeks after the initial VFSS. Temporal measurements of laryngeal closure were analyzed for 2 mL and 5 mL thin liquids. Statistical comparisons were made by paired t-test. The significance level was set at p < 0.05.
Results: The initiation of laryngeal closure of post-stroke survivors was significantly shorter
after the traditional swallowing intervention; however, the duration of laryngeal closure did
not differ after the intervention. In addition, the post-stroke survivors showed reduced occurrences of penetration or aspiration after the intervention.
Conclusions: Shorter initiation of laryngeal closure after the intervention indicates that the
traditional swallowing intervention at the acute or subacute stage of stroke may help poststroke survivors protect the airway effectively.
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INTRODUCTION
Thirty to 70% of post-stroke survivors suffer from dysphagia [1,2]. Post-stroke survivors
with dysphagia commonly show difficulties in airway protection during pharyngeal
swallowing [3,4]. Airway protection during swallowing is achieved through laryngeal
closure. Laryngeal closure is executed by an initial downward displacement of the epiglottis with a concurrent approximation of the arytenoids to the base of the epiglottis
[5-7]. The contact between the epiglottis and arytenoid is sustained until the bolus
passes the pharynx and enters the esophagus. A delayed, incomplete, and reduced laryngeal closure may lead to aspiration. Aspiration is defined as the bolus entering into
the vestibule and then passing below the vocal folds [8].
Disturbances in the initiation and duration of laryngeal closure in post-stroke survivors are important physiological steps in the pharyngeal swallow [9,10]. Park and her
colleagues (2010) reported that the post-stroke survivors show a reduced duration of
laryngeal closure regardless of aspiration [9]. However, in regard to the initiation of laryngeal closure, post-stroke survivors with aspiration showed a delayed initiation of la-
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ryngeal closure when compared to those without aspiration.
Inappropriate initiation and duration of laryngeal closure are
likely to place individuals at risk for aspiration during swallowing [9]. Previous studies have focused on temporal characteristics of dysphagic patients after the incidence of stroke using the initial diagnostic examination [10-12]. It is necessary
to examine whether swallowing intervention improves initiation or duration of laryngeal closure in post-stroke survivors.
Several investigations have reported the progress of swallowing function for stroke survivors [13-15]. These studies examined the presence of swallowing problems following stroke
at the acute stage and at a 1 to 3 months follow-up using clinical observation. They reported that the frequency of aspiration decreased, or the cough response was presented in poststroke survivors who showed silent aspiration in the initial examination. Post-stroke survivors experienced in the most
progress in airway protection between 3 and 6 months; however, 40% of severe post-stroke survivors still showed aspiration after 6 months [15-17]. Therefore, it is necessary to examine whether swallowing intervention improves the initiation
or duration of laryngeal closure using objective measurements of swallowing in post-stroke survivors. The purpose of
this study is to refine the results of previous study using objective methods for the temporal measurements. The purpose of
this study was to examine whether traditional swallowing intervention improves the initiation or duration of laryngeal
closure in post-stroke survivors using the initial and follow-up
videofluoroscopic swallowing study (VFSS).

the lesion, 6 patients had a unilateral middle cerebral artery
(MCA) infarction, 2 patients had a unilateral corona radiata
infarction, and 4 patients had unilateral basal ganglia intracerebral hemorrhage. All patients were referred from a physician to participate in the VFSS. The traditional swallowing intervention was conducted with using routine protocol at
Seoul National University Hospital and was recommended
based on the findings of the initial VFSS [18]. Post-stroke survivors had a 30-minute daily treatment session with a swallowing clinician that included exercises, postural changes,
and diet modifications. For instances, the postural changes
consisted of a chin down position and exercises included oral
motor exercises and tongue strengthening exercises. Diet
modification included thickened liquid or puree consistency,
and a nutritionist were involved. This study of temporal measurements using videofluoroscopic films was approved by Institutional Review Board (IRB) at Illinois State University,
United States and Seoul National University Hospital, South
Korea.

VFSS
VFSS was conducted on all post-stroke survivors. Each poststroke survivor was seated upright in a wheelchair or stretcher
chair for the examination. The fluoroscopic tube was focused
in the lateral plane on the oral cavity (the lips anteriorly to the
pharyngeal wall posteriorly) and the nasopharynx (superiorly) to below the upper esophageal sphincter area (inferiorly). Boluses were presented in 2 mL and 5 mL thin liquid.
The thin liquid was a mixture of water and barium sulfate
powder (35% w/v). Each post-stroke survivor swallowed the
bolus after putting the liquid in his/her mouth after the clinician delivered it by spoon. A total of 48 swallows were submitted for analysis for this investigation. Frame-by-frame images
were acquired through digital imaging files using a computerbased image processing system equipped with a digital computer frame grabber board (Pegasus HD/SD Board, Grass Valley Inc., Honorine, France) and image processing software
(EDIUS 4.5, Grass Valley Inc., Montreal, Quebec, Canada).
The X-ray voltage was set at a 40-kV peak, which allowed the
soft tissue of the pharynx to be visualized. The initial VFSS
was performed during the acute or subacute stage of stroke
and the follow-up VFSS was performed 3 to 5 weeks (average
28.4 days) after initial VFSS.

METHODS
Subjects
VFSS data was collected at Seoul National University Hospital,
Seoul Korea. 113 post-stroke survivors were referred for a
VFSS from January 2010 to July 2014. Among these patients,
12 post-stroke survivors (mean age 63.8, 7 males and 5 females) were selected using the following inclusion criteria: (1)
no history of previous stroke or other disease that could affect
swallowing function, (2) initial VFSS performed during the
acute or subacute stage, (3) stroke survivors had traditional
swallowing intervention after initial VFSS, and (4) at least one
follow-up VFSS performed 3-5 weeks after the initial VFSS. All
VFSS were a part of a standardized routine diagnostic examination at Seoul National University Hospital. Stroke diagnoses
were provided by neurologists and confirmed by computed
tomography (CT) or magnetic resonance imaging (MRI). For

Procedure for temporal measurement
To accurately analyze the temporal sequence of events, slow
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Figure 1. Tracing of a lateral view from videofluoroscopic frame of a swallow study with marked point of temporal measurements. (A) Bolus passes the ramus
of mandible, (B) first contact of arytenoids and epiglottis, (C) final contact of arytenoids and epiglottis; Initiation of Laryngeal Closure (ILC): B-A. Laryngeal Closure Duration (LCD): C-B.

motion and frame-by-frame analyses were performed using a
100-ms video timer. Adobe Element 14 (San Jose, CA) was
used. First, each liquid swallow was analyzed for the following
points of occurrence: (1) bolus passing the ramus of mandible, (2) first contact of arytenoids and epiglottis, and (3) final
contact of arytenoids and epiglottis. Second, the times for
each of the above-mentioned markers were recorded and
used to calculate the two measures of laryngeal closure (Figure 1). Laryngeal closure in this investigation referred to laryngeal vestibule closure rather than true vocal folds closure.
However, laryngeal vestibule closure has been and continues
to be the accepted and encouraged methodology for analyzing temporal measure of laryngeal closure [19-22]. The occurrence of penetration and aspiration were verified. Aspiration
was defined as entry of the bolus below the true vocal folds.
As aspiration was identified, the occurrence of cough response was recorded. Penetration was defined as entry of the
bolus in the vestibule, but not below the true vocal folds.

lyzed the designated swallows of 3 randomly selected subjects
(12 swallows, 25%). The measurements of the principal investigator and second judge were compared using intraclass correlation coefficient. A significant correlation was observed,
(ICC = 0.99, p < 0.01). For intrajudge reliability, the principal
investigator reanalyzed the same 3 subjects a second time. Intrajudge reliability was also significant (ICC = 0.99, p < 0.01).

Occurrence of aspiration and penetration
Five post-stroke survivors showed silent aspiration in the initial VFSS. Among these, four post-stroke survivors did not
show aspiration, and one post-stroke survivor showed silent
aspiration in the follow-up VFSS. Five post-stroke survivors
showed penetration in initial VFSS. Among these, three poststroke survivors did not show penetration or aspiration and
two post-stroke survivors showed penetration in the followup VFSS. Two post-stroke survivors did not show any penetration or aspiration in the initial VFSS and showed penetration
in the follow-up VFSS.

Statistical Analysis
Statistical comparisons between initial and follow-up measurements of laryngeal closure were made by paired t-test.
The significance level was set at p < 0.05.

Initiation of laryngeal closure (ILC)
The mean of initiation of laryngeal closure in the follow-up
VFSS was significantly shorter than the initial VFSS (t(28) =
2.181, p = 0.038). It indicated that post-stroke survivors
showed an earlier initiation of laryngeal closure after the traditional swallowing intervention. The mean of the initiation of
laryngeal closure in the initial VFSS was 0.80 seconds and the
standard deviation was 0.76 (Figure 2). In the follow-up VFSS,

RESULTS
Reliability
For interjudge reliability, a second independent judge ana-
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Figure 2. Means and 95% confidence interval of ILC for initial and followup VFSS.

Figure 3. Means and 95% confidence interval of LCD for initial and followup VFSS.

the mean was 0.53 seconds and the standard deviation was
0.31 (Figure 2).

vention was 0.46 seconds. This may indicate that the poststroke survivors may be highly sensitive to a small volume of
liquid during the swallow. The initiation of airway protection
will represent the recovery in sensory receptors in the oropharynx and brain.
Short initiation of laryngeal closure in post-stroke survivors
occurs earlier after swallowing intervention. Shorter ILC in
post-stroke survivors may reduce a risk of penetration and aspiration before and during the swallow. If the larynx closes
quickly before the bolus reaches the larynx during swallowing, the bolus is less likely to enter the vulnerable airway. Four
post-stroke survivors in this study showed no aspiration and
three post-stroke survivors showed either aspiration or penetration in the follow-up VFSS. Four post-stroke survivors with
silent aspiration in the initial VFSS did not show aspiration after intervention. This finding is similar to the results of previous studies. Terre and Mearin (2006) reported that penetration and aspiration in post-stroke survivors reduced from the
baseline and follow-up after one month of intervention [16].
The post-stroke survivors with silent aspiration were reduced
from 35% to 27% when comparing the first examination with
an examination that followed one month later. Additionally,
Seo et al. (2011) reported that the post-stroke survivors, who
showed aspiration at the initial VFSS but not at the follow-up
VFSS, showed improvement of epiglottis movement involving
the contact between the arytenoids and epiglottis in order to
close the larynx which prevents aspiration [18].
The effects of traditional swallowing intervention in poststroke survivors showed promising results in this study. The
traditional swallowing intervention of this study included diet

Laryngeal Closure Duration (LCD)
LCD was not significantly different between the initial and follow-up VFSS (t(32) = -1.716, p = 0.096).
The mean of laryngeal closure duration in the initial VFSS
was 0.48 seconds and the standard deviation was 0.14. In the
follow-up VFSS, the mean of the laryngeal closure duration was
0.51 seconds and the standard deviation was 0.12 (Figure 3).

DISCUSSION
The purpose of this study was to examine the improvement of
laryngeal closure in post-stroke survivors after traditional
swallowing intervention. The most significant finding was that
there was a significantly shorter initiation of laryngeal closure
in post-stroke survivors after the traditional swallowing intervention when compared to the initial VFSS. The findings of
initiation of laryngeal closure (ILC) may indicate that traditional swallowing intervention helps post-stroke survivors
better protect their airway. This improvement may be related
to sensory receptor responses in the oropharynx that aid in laryngeal closure. Shorter ILC involves quickly detecting the
passing bolus in the anterior facial pillar of the oral cavity
which helps initial hyolaryngeal excursion, and subsequently
laryngeal closure. Additionally, the initiation of laryngeal closure in this study clearly improved in the small volume of liquid. The mean ILC of 2 mL thin liquid in the initial VFSS was
0.92 seconds, but the mean ILC of 2 mL thin liquid after inter-
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modifications, postural changes, thermal stimulations, and
swallowing exercises. The positive effects of these strategies
have been reported. For swallowing exercises, Robbins et al.
(2007) reported that there are temporal characteristics in poststroke survivors after 8-week lingual exercises. Results indicated that the pharyngeal response duration and oral transit
duration improved after 8 weeks of lingual exercises in poststroke survivors with dysphagia [23]. Post-stroke survivors
with thickened liquids and postural changes such as chin
down showed a reduced frequency of aspiration [24,25]. The
chin down posture helps increase stability during the duration of the laryngeal closure [26]. Thermal stimulation significantly reduced the duration of stage transition (DST) and total
swallow duration (TSD) in post-stroke survivors [27]. Reduced
duration of stage transition indicates that as the bolus enters
into the pharynx, hyolaryngeal excursion, which results in laryngeal closure, quickly occurs. The findings of this study provide additional evidence to support the effectiveness of traditional swallowing intervention on the initiation of laryngeal
closure.
This study revealed that the duration of laryngeal closure
was slightly prolonged in the follow-up study, although the
change of laryngeal closure duration was not significant. In
addition, the laryngeal closure duration in this study for both
the initial and follow-up VFSS did not reach the range of normal older individuals (0.59 seconds) [9]. Three to five weeks of
swallowing intervention may not be long enough to show improvement of laryngeal closure duration. It is necessary to follow up the laryngeal closure duration after more than one
month of intervention to expect improvement.
Neuroplasticity is the brain’s ability to adjust or compensate
for lesions to certain areas that result in deficits [28,29]. If dysphagia is a result of a stroke lesion to the brain, other areas of
the patient’s brain may compensate for the affected area to
produce a normal swallow. Hussain, Woolfrey, Massey, Geddes, & Cox (1996) reported that in post-stroke survivors whose
swallowing did not improve two weeks after the onset of their
stroke, would improve at a mean of 69 days following the
stroke based on neuroplasticity [30]. Taking neuroplasticity
into consideration, the laryngeal closure duration may still be
in the process of change in these stroke survivors. It is possible
that the recovery of laryngeal closure duration takes more
than one month. In addition, this study suggests that the initiation of laryngeal closure is recovered earlier than the duration of laryngeal closure. Further research may investigate to
integrate the temporal characteristics of airway protection

and brain recovery in post-stroke survivors.
This investigation has several limitations including the
small sample size, uncontrolled lesion location and size of the
stroke, and a short-term follow-up. In addition, we should be
careful to interpret the outcomes of this study. Post-stroke
survivors in this study had a period of spontaneous recovery.
It is unknown whether early intervention will facilitate effective swallowing intervention. It is necessary to have a control
group to understand how swallowing recovers in these populations. An investigation on comparative effectiveness of swallowing intervention strategies to improve laryngeal closure is
suggested. Future studies with large numbers of patients are
warranted, with longitudinal observation using more temporal and biomechanical measurements and clinical observation.

CONCLUSIONS
This study reported improvement of airway protection after
traditional swallowing intervention in post-stroke survivors.
The post-stroke survivors initiated the laryngeal closure
quicker after swallowing intervention. The findings of this investigation support the effectiveness of the swallowing intervention using temporal measurements of laryngeal closure. In
addition, this study suggested the use of temporal measurement of laryngeal closure as a tool for clinicians to evaluate
progress during intervention.
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