
Using High-Speed Videoendoscopy to Analyze Laryngeal Closure
Parameters During Normal Swallow

Rebecca J. Howell, MD ; Amna S. Mira, MS, CF-SLP; Andres Llico, PhD;
Victoria S. McKenna, CCC-SLP, PhD

Objective: This pilot study was designed to test the tolerability of a lower scope position and feasibility of custom-
designed MATLAB graphical user interface (GUI) used to analyze playback review of laryngeal high-speed videoendoscopy
(laryngeal HSV) during healthy volitional dry swallows. We hypothesized this method would conceptually provide time resolu-
tion for glottic closure events compared with standard (30 frames per second, fps), and enable a means to measure timing,
sequence, and duration of laryngeal movements during swallowing not otherwise visualized.

Methods: A total of 14 healthy adults (4 male, 22–80 years) participated. We performed laryngeal HSV at 500fps. Mea-
surements included: (i) feasibility and tolerability of the procedure; (ii) identification of a swallowing segment of interest (SOI)
for the peak of the swallow; and (iii) description of laryngeal swallowing movements using a GUI.

Results: Fourteen subjects tolerated the procedure without discomfort and swallow images were able to be analyzed in
12. Using our GUI, mean SOI was 260 ms, yielding 130 frames for analysis (compared with seven in standard laryngoscopy).
Vocal fold adduction, vocal fold medialization, and anterior–posterior arytenoid compression to the epiglottis prior to whiteout
could be identified and sequenced.

Conclusion: Participants tolerated a low position of the endoscope during dry volitional swallows. The output of our GUI
demonstrated a novel technique for identifying, describing, and sequencing a swallowing SOI. Future studies should investigate
laryngeal closure and arytenoid positioning with a bolus and in a range of ages, genders, and etiologies in both healthy and
abnormal populations to better understand swallowing physiology.
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INTRODUCTION
Qualitative video analysis is the fastest and simplest

review of executed motion too quick or too complex for the
human eye, such as playback or stop-action viewing used
widely in voice science. The aim of quantitative analysis
is a detailed examination of movement patterns.1,2 High-
speed videoendoscopy (HSV) refers to the electronic
recording of optical still images representing motion in
contrast to strobed images (sequential sampling of pic-
tures in rapid succession perceived as motion).2,3 Laryn-
geal HSV has been well-described in visualization of
mucosal wave patterns in the study of voice production.2

Laryngeal HSV has also been used to categorize other
quick laryngeal motions such as the kinematics in sup-
raglottic phonation, abduction time, and vocal fold adduc-
tion in cough (albeit to a lesser extent).3–5

The only use to date of laryngeal HSV in swallowing
describes visual recognition of anatomic structures during
the pharyngeal phase of deglutition during flexible endo-
scopic evaluation of swallowing (FEES) in healthy volun-
teers by Aghdam et al.6 We propose that the use of
laryngeal HSV could visualize the critical timed sequence in
glottic and supraglottic closure and arytenoid movement
that would further our understanding of swallowing physiol-
ogy. In this pilot study, we investigated glottic closure pat-
terns during volitional dry swallows using a novel paradigm
with flexible laryngeal HSV and placement of the scope in a
low position toward the petiole of the epiglottis. We hypothe-
sized that this paradigm would be well-tolerated and concep-
tually could provide time resolution for glottic closure events
compared with standard clinical frame rate providing visual-
ization of specific laryngeal action to allow for identification
using a novel MATLAB graphical user interface (GUI).

METHODOLOGY

Participants
A total of 14 healthy adult participants (4 males,

10 females) with a mean age of 37.2 years (SD = 17.2),
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ranging from 22 to 80, were recruited for the study. Par-
ticipants reported no current speech, language, hearing,
voice, or swallowing problems (please see Table I for par-
ticipant demographic information). Participants did not
have any history of neurological conditions, and all were
on regular diet with thin liquids. All participants scored
within normal limits on the Voice Handicap Index
(defined as score <30).7 All participants scored within nor-
mal limits on the Eating Assessment Tool-10 (defined as
score ≤2).8 All participants further completed a standard
clinical FEES (Olympus OTV-S190; PENTAX, ENF-VH)
under halogen light by a certified speech-language pathol-
ogist. Trials of thin liquid (5, 10, 15 mL) and puree (5 mL)
were assessed to verify normal swallowing ability, with
all participants being classified as having normal
swallowing physiology.

Participants were prospectively enrolled from the
Spring to the Summer of 2023. Participants provided
informed consent prior to participation (IRB
no. 2022-0686).

Procedures
First, oxymetazoline was sprayed in the nasal pas-

sage and topical viscous lidocaine (2%) was applied to the
nose using a cotton-tipped applicator. Lidocaine was not
sprayed into the nose or applied to the throat to minimize
theoretical impact on swallowing sensation. Next, a flexi-
ble endoscope (PENTAX, FNL10-RP3) was passed
through the nasal cavity and into the nasopharynx to
visualize the larynx. Participants were then instructed to
“swallow your saliva” for up to five dry swallows, while
the scope was placed in an inferior position toward the
petiole of the epiglottis beyond the usual home position
(Fig. 1). Video images were captured using a high-speed
camera (Phantom, VEO-340 L; resolution of 512 � 512
pixels) at a frame rate of 500 frames per second (fps),

allowing for a time resolution of 1 frame/2 ms. This frame
rate was chosen because it has been shown to adequately
quantify laryngeal adductory gestures of cough and frica-
tive ab/adduction.4,9 This frame rate allowed for up to
20 recordings for each participant, with each having a
recording duration of �9 s. The duration of each recording
was determined by the resolution, frame rate, internal
camera memory, and number of recordings chosen.

Measures
Tolerability and feasibility. Our analysis included

reporting the total number of participants who tolerated
the scope placement (tolerability) as well as the total
number of participants whom we were able to adequately
view their swallows (feasibility). In our study, tolerability
refers to subjects’ ability to complete examination tasks
while having the scope positioned at the petiole of the epi-
glottis by self-report by individual subjects. Feasibility
indicates the researcher’s ability to view the laryngeal
patterns before the whiteout using playback video
recordings.

Swallow segment of interest. Playback video
recordings were inspected by two speech-language pathol-
ogists independently and cropped to each specific
swallowing event (VM, AM). We identified this as the
swallow segment of interest (SOI), defined as the frames
from the first adduction of the vocal folds, via identifica-
tion of arytenoid movement medially, to the time of com-
plete light reflection.10 Next, these swallow events were
entered into a custom-designed MATLAB graphical user
interface (GUI). The MATLAB GUI was designed by the
third author (AL), where he designed a special algorithm
that allows researchers to analyze the high-speed video
frame by frame and tag each laryngeal behavior (Fig. 2).
Postprocessing of the data allowed for researchers to indi-
vidually visualize and label each frame of the recorded

TABLE I.
Participant Demographic Information for all 14 Participants.

Subject ID Age (Yrs) Sex Reflux* VHI-Functional VHI- Physical VHI-Emotional VHI-Total EAT-10

P_01 36 Female Yes 0 0 0 0 0

P_02 67 Female Yes 2 0 0 2 1

P_03 80 Female No 0 0 0 0 0

P_04 26 Female No 0 0 0 0 0

P_05 22 Female No 0 1 0 1 0

P_06 27 Male Yes 0 0 0 0 0

P_07 28 Female Yes 0 0 0 0 0

P_08 52 Male No 0 0 0 0 0

P_09 24 Female Yes 0 2 0 2 1

P_10 52 Female Yes 0 0 0 0 0

P_11 30 Male Yes 0 0 0 0 2

P_12 24 Male Yes 0 0 0 0 0

P_13 24 Female Yes 0 0 0 0 1

P_14 30 Female No 0 0 0 0 0

EAT-10 = Eating Assessment Tool-10; ID = identification numbers; VHI = Vocal Handicap Index.
*Self-reported reflux symptoms.
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swallow using the MATLAB GUI. This measure was
reported in total number of frames. The output of the
GUI allowed a graphic depiction of the number of frames
for each laryngeal movement. Next, we provided a com-
parison between the number of frames provided during
the swallow SOI from the high-speed camera to a calcula-
tion of the number of frames captured with a traditional
clinical low-speed system at 30 fps.

Laryngeal swallowing movements. Using our
custom-designed MATLAB GUI, we completed an analy-
sis of identification of discrete swallow movements to
investigate the timing of the observed swallowing events.
Swallow events were identified and defined by the
research team, which included two speech-language
pathologists and one laryngologist.

RESULTS

Tolerability and Feasibility
A total of 14 participants tolerated the procedure for

100% tolerability. Coughing and/or gagging during the
procedure were minimal and did not impact the ability to
perform volitional dry swallows. In this study, we could
not visualize laryngeal behaviors at the height of the
swallow in 15% of participants (2 of 14). In the two cases
that it was not possible, the scope was not positioned cor-
rectly either due to deflection out of the laryngeal vesti-
bule (likely by the epiglottis) or due to rocking movement
of the larynx. Of those participants who we could analyze,
one to three swallows per participant could be analyzed
using the swallow movements definitions described
below. Therefore, feasibility was 86% or 12 of
14 participants.

Swallow Segment of Interest (SOI)
The SOI was defined as the height of the swallow,

which included the last actions of (1) vocal fold
medialization, (2) anterior–posterior movement, and
(3) the whiteout. Whiteout (WO) is defined as the light
reflection into the camera. The swallowing SOI was calcu-
lated for one dry swallow from each of the 12 participants
whose swallows could be fully visualized. The average

duration of the swallow SOI was 130 frames (SD = 78
frames, range = 70–317 frames), which is consistent with
an average of 260 ms (SD = 157 ms) per swallow (Fig. 3).
Calculation of the same SOI using a lower sampling rate
comparable to clinical tools would have yielded an aver-
age of 7.8 frames (SD = 4.7 frames, range = 4–19 frames)
for the same swallowing SOI. Figure 4 provides frame
snapshots from a portion of the swallow SOI using
500 fps with HSV, whereas the same images at a simu-
lated down-sampled rate at 30 fps (representing the cur-
rent standard) would result in only two images.

Laryngeal Swallowing Movements
Using a single subject for feasibility of our custom

MATLAB GUI, we identified discrete swallow movements
and defined those movements for specific laryngeal ges-
tures (Fig. 5).

Definitions:

1. Vocal fold (VF) abduction (Ab)—VF and arytenoids
moving away from midline.

2. Vocal fold (VF) medialization (M)—The movement of
VF and arytenoids towards the midline.

3. Vocal fold (VF) adduction full (AdFull)—The true VF
are fully closed.

4. Arytenoid adduction (ARad) full—The arytenoids are
fully closed, even if the true VF are NOT.

5. Anterior–Posterior (AP) movement (Mo)—AP move-
ment (coming together or apart).

6. Anterior–Posterior (AP) compression full (Cfull)—the
full AP closure between arytenoids and the petiole of
the epiglottis.

We were able to visually identify distinct laryngeal
gestures of arytenoid adduction and complete arytenoid
closure, VF medialization and complete VF closure, initi-
ation of anterior–posterior compression of the laryngeal
surface of the epiglottis to the arytenoid, and the point
of AP compression when view of the VFs are lost. Due to
the scope position, we could not visualize epiglottic
inversion but could infer the timing of epiglottic deflec-
tion based on scope displacement and ending in the
whiteout (WO).

Additional unanticipated laryngeal movements were
visualized and sequenced prior to the SOI defined as the
preparation phase. A visual representation of laryngeal
swallow movements during the preparatory phase and
SOI output of the custom MATLAB GUI can be seen for
the participant in Figure 5.

DISCUSSION
The current understanding of swallowing physiology

can most reliably be quantified using either
videofluoroscopy (VFSS) or flexible endoscopic evaluation
of swallow (FEES). On VFSS, the anatomic location of the
bolus defines penetration versus aspiration, but the true
vocal folds are not actually visualized. Best practice in
VFSS is captured at 30 fps.11 Alternatively, the use of
flexible endoscopes utilizes a continuous light source with

Fig. 1. (A). Example of the typical scope “home” position for FEES.
(B). Example of the new, lower placement for laryngeal assessment
during the swallow. [Color figure can be viewed in the online issue,
which is available at www.laryngoscope.com.]
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or without video recording to quantitatively analyze
swallowing motion, widely known as FEES.12 Standard
FEES are captured at a frame rate of 30 fps compared
with laryngeal HSV, with frame rates up to 8000 fps.
Glottic closure is presumed in the absence of visualized
penetration or aspiration. Glottic closure is presumed to
occur during the “whiteout” of the swallow where the pas-
sage of the bolus and movement of pharyngeal structures
are not visualized due to the reflected light from the pha-
ryngeal and laryngeal tissue to the endoscope. Further-
more, even if laryngeal visualization was possible, both
VFSS and FEES lack the temporal resolution (adequate
frame rate) to fully visualize quick laryngeal movements
and view nuanced changes in glottic closure. It is also
assumed that the closure pattern during swallowing is
like closure patterns visualized during phonation.

Dynamic CT imaging has also been used to describe
glottic closure during swallowing, finding a unique differ-
ence in true VF closure with viscosity. VF closure started
earlier with thin liquids and lasted longer compared with
thickened liquids by Inamoto et al.13 Kendall et al. used
VFSS to describe the onset of aryepiglottic fold closure
occurring earlier, as the size of the bolus increased in
healthy participants.14 Van Daele et al. combined electro-
myographic and endoscopic analysis, to show arytenoid
movement consistently preceded full glottic closure and
cessation of the posterior cricoarytenoid muscle activity.
During 89% of normal swallows, the glottis was partially
open in the video frame before the bolus.15 In this study,
VF abduction occurs immediately prior to the SOI, which
occurs over 260 ms or 130 frames (on average) prior to
WO. Early arytenoid movement toward the epiglottis can

Fig. 2. Custom-designed MATLAB GUI Interface using one participant example. [Color figure can be viewed in the online issue, which is avail-
able at www.laryngoscope.com.]
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be viewed on standard (30 fps) videoendoscopy, yet laryn-
geal closure was assumed during the whiteout by Abe
and Tsubahara.16

This pilot study sought to investigate the feasibility
of a novel technique to further characterize quick laryn-
geal movements occurring during the height of
swallowing, which correlates with the whiteout period
of the pharyngeal swallow. In this study, we had 100%
tolerability of a lower scope position, with 86% feasibility
in playback review identifying a timed swallowing SOI in
a small 14-subject healthy cohort. Using laryngeal HSV
and a custom-designed MATLAB GUI, we could identify

and begin to sequence specific laryngeal movements
before (preparatory phase) and during the swallow. This
investigation was directed to laryngeal movements associ-
ated with glottic closure and arytenoid motion during
volitional dry swallows. Conceptually, this technique
enabled visualization related to VF and concurrent aryte-
noid to epiglottis closure of the glottic inlet that is gener-
ally assumed but has yet to be fully visualized. Using our
MATLAB GUI, we were able to describe differences
between arytenoid movement and full arytenoid closure,
VF medialization and full VF closure, and AP movement
and AP closure. This study evaluated volitional dry swal-
lows, which may be like reflexive pharyngeal swallow
that normally occurs in less than 500 ms in normal
swallowing physiology.17 Our study found that the aver-
age duration of SOI was 260 ms, in this case yielding,
130 frames for analysis, which would have only yielded
seven frames in either FEES or VFSS (30fps). Because
the pharyngeal reflex is so rapid, it is known for poor
inter-rater reliability in inexperienced raters.18 The reli-
ability of our custom GUI and the swallow events during
the SOI will need to be further assessed in future studies.

Several limitations are clear: first is the use of voli-
tional dry swallows used in this pilot project for initial
safety and tolerability. The duration of SOI and timing of
events may be different from reflexive swallows and will
be affected by bolus consistency and volume. Both voli-
tional and reflexive swallows would be best studied under
simultaneous HSV and VFSS to determine the impact of
the scope position on laryngeal physiology and to

Fig. 3. Boxplot of the distribution of SOI (ms) for all 12 participants.
Outliers are identified as asterisks. [Color figure can be viewed in
the online issue, which is available at www.laryngoscope.com.]

Fig. 4. Frames extracted from the swallow segment of interest (SOI) from the high-speed camera sampled at 500 fps. The images visualize
true vocal fold medialization and anterior–posterior compression. If the same swallow event was captured at only 30 fps, there would only be
two images captured. The highlighted (gray box) images are an example of two images captured by standard imaging. [Color figure can be
viewed in the online issue, which is available at www.laryngoscope.com.]
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understand whether the scope placement increases pene-
tration/aspiration risk due to physical obstruction. Fur-
thermore, 15% of the participants were unable to be
visualized, and this may be due to neck position, epiglot-
tic deflection of the scope, or light/speed of camera.
Although the use of 500 fps was initially used in prior
laryngeal kinematic studies, it does not preclude the utili-
zation of 1000 or 2000 fps with the current capability of
laryngeal HSV.

Our results present promising pilot data, although it
does not have immediate clinical applicability. First,
bolus consistency influences the timing of VF closure,13

warranting further exploration focusing on bolus-driven
swallows using the novel technique and is beyond the
scope of this pilot study. Second, the use of high-speed
imaging may not be accessible clinically, although the
novel approach is meant to document information that is
clinically relevant but undocumented. While the novel
scope position could be implemented clinically with a hal-
ogen light, we hypothesize that the rapid laryngeal
behaviors documented here would not be visualized with
low-speed imaging.

CONCLUSION
The placement of an endoscope into the laryngeal

vestibule during a volitional dry swallow was 100% toler-
able in this small pilot study. Using laryngeal HSV
(500 fps) with a custom MATLAB GUI, we demonstrate
86% feasibility in identifying a timed swallow SOI. This
is a promising and novel technique to sequence and time
rapid laryngeal motions such as glottic and supraglottic
compression not otherwise visualized by either FEES or
VFSS in standard (30 fps) dysphagia evaluation. Future
studies should investigate laryngeal closure and aryte-
noid positioning with a bolus present, and in a range of

ages, genders, and etiologies in both healthy and abnor-
mal populations to better understand swallowing
physiology.
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