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Endoscopic Assessment of Vocal Fold Movements During Cough
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Objectives: Little is known about the function of the true vocal folds ( Wg cough. The objective of this study
was to determine the reliability of measuring TVF movements duringgf€ough to obtain preliminary normative data
for these measures.

Methods: Sequential glottal angles associated with TVF adductio
lyzed from laryngeal videoendoscopy records of 38 young healthy

d abduction across the phases of cough were ana-
Is.

Results: The intraobserver and interobserver reliability of 3 rieficed measurers was high (intraclg
at least 0.97) for measuring sequential and maximum glottalfangle e TVF abduction velocity dumi
significantly higher than the precompression adduction veloctty (p 0.002), but there were no,sigiifi differences in
maximum angle. No statistically significant differences WNQ maximum TVF angle an(f hen they were
compared between the sexes and between the levels of cough Stgength. True vocal fold closurg{folldwing expulsion oc-
curred in 42% of soft coughs and in 57% of moderate ard gbughs. Z

s correlation of

Conclusions: The TVF abduction angles during
young healthy individuals. The TVF movementséa
but the extents of abduction are similar. To vali
are needed.

be reliably measured from al videoendoscopy in

faster for expulsion abduction thm ompression adduction,
gmine the cough phase duration si eous measures of airflow

vement. \

INTRODUCTION during p, onat1; sniff, breathing, and swallowing
have beei¥extracted from laryngeal videoendoscop-
ic image @ ¥> Although cough involves the same
anatop unknown whether similar methods can
oidetermine TVF kinematics during cough.
1ye measures are needed to establish norma-
pectations for TVF movements during cough
L to determine how TVF dysfunction may con-
ungs from aspiration, re- . A :
. . . ute to cough dysfunction in individuals with bul-
ia and respiratory fail; . oo .
- riimpairments. For example, individuals with bul-
es have shown that a low \ . .
. . . bdr amyotrophic lateral sclerosis frequently demon-
ow is predictive of fail . . . - N
A . strate an impaired ability to cough despite having in-
aspiration,®’ and complic . 2016
. . A tact respiratory muscle function.”-!® Cough dysfunc-
tions of resgp infection.® In individual, LR . .
- tion in individuals with bulbar amyotrophic lateral
neuromusctar digease, the ability to cough . .
. . . sclerosis is most likely affected by weakness and
seriously comprémised by respiratory m S 7 S
S g . . dyscoordination of the TVFs, resulting in an inabili-
or laryngeal dysfunction.” Cough impair ueto o - .

. N ty to maintain adequate upper airway patency during
respiratory muscle dysfunction is 16 .
but less is known about the effects @f laryfigeal dys- cqugh effort_s. Me_a sures such as those propc_)se_d n

‘ this study will facilitate future study of associations

function on cough. This lack is, in paFtsde between laryngeal and cough dysfunctions
sence of reliable and valid tools for directly measur- tyng ough ¢y ons-

ing TVF mechanics during cough. Objective mea- A normal cough has 3 sequential phases: inspira-
sures of the extent and speed of TVF movements tion, compression (ie, intrathoracic pressure build),
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Laryngeal function is vital phonating, swal-
lowing, breathing, and coughifig. ough true vo-
cal fold (TVF) movement been studied ex-
tensively in relation to ph and swallowing,
fewer studies have exami movements dur-

peak expiratory
to extubate 2 1i
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TABLE 1. DEFINITIONS FOR ONSETS AND OFFSETS
OF COUGH PHASES

Inspiration onset: Assumed to occur after instruction to cough

Compression onset: Point at which vocal folds or supraglottic
structures close

Expulsion onset: Final frame of maximum closure prior to frame
showing abduction (opening)

Post-cough vocal fold closure onset: Same as “compression on-
set,” above

Post-cough vocal fold closure end: Final frame of maximum
closure before vocal fold opening

and expulsion (ie, forceful expulsion of air and mu-
cus).? Although respiratory muscle strength is criti-
cal to cough effectiveness,’ active TVF movements
are also integral to cough physiology and occur syn-
chronously with these phases.!2 The TVFs abduct
during inspiration, adduct to closure during com-
pression, and abduct again during expulsion.
date, no studies have examined TVF move
during cough in larger subject groups. In ad,
no study has included measures that woul
ically indicate airway patency, eg, maximu
angle during abduction and kinematics
duction and adduction. Moreover, th

no comparisons with other factors g
phonatory and pulmonary function nieasuse
as sex and cough strength.
The purpose of this study wés thteefold: 1) to de-
termine the feasibility and bility of combined
@ ethods for mea-
phases, sequential and

l

f

visual-perceptual and obje
suring the duration of ¢

locity of TVF move

videoendoscopi
mative data relate
in young hea
ence of se
measures.
research exami
dysfunction associated with neuromusd
geal impairments.

k will provide a basis fqQ
g the pathophysiology e

@ 8
METHODS

Approval was granted for this study from the Uni-
versity of Washington Institutional Review Board.
Video samples of TVFs visualized during cough
were extracted from the laryngeal videoendoscopy
records of 50 healthy individuals from the Univer-
sity of Washington Speech and Hearing Clinic. The
data were obtained during baseline phonatory exam-
inations. The individuals (16 male, 34 female; age
range, 18 to 25 years) reported no history of neuro-
logic, voice, or pulmonary dysfunction, except for
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1 participant who reported a history of asthma. The
smoking status was not available for all subjects.

The examinations were conducted by otolaryngolo-
gists and speech-language pathologists experienced
with laryngeal videoendoscopy. Because the laryn-
geal videoendoscopic examinations were complet-

ed before the data analyses, variations in conditions
cough were elicited could not be con-

conduc troboscopic lighting via rigid la-
ryng& LS 9100B, KayPENTAX, Lincoln
Park, Ne rsey), as well as via transnasal flexible

in some cases. For transpasal flexible laryn-

al endoscopy, the nose was dec sted and anes-
thetized with 0.05% Afrin an
\ . Some videos contain€d,0

individuals. Examinations were
pes with a distal chip (KayPENTAX VNL
ughs, whereas others cofita

la
11

d observations of

equential coughs. Individualsexamined with trans-

0
asal flexible laryngeal @ d@scopy were instructed
to produce both str gentle coughs, whereas

those examined viagrig ryngoscopy were simply
instructed to ¢ gcipant video records were
excluded if the dined no cough data or had in-

adequate v ion of the TVFs during cough.

Duratign of PRases of Cough on Laryngeal Vid-
eoendos To identify the cough phases, vid-
€0s wer ed frame by frame with Sony Vegas
Mov@lio 9.0 software (Sony, Middleton, Wis-
consi e onset times for the following specific
p f the cough were marked: inspiration, com-
ion, expulsion, and, when it occurred, postex-
ion TVF closure. The definitions for the onsets
gach of these phases are outlined in Table 1. The
Ation of each cough phase was then measured in
seconds within the constraints of the video sampling
rate (30 frames per second).

TVF Angles and Velocities. Video samples of the
inspiration and expulsion phases were digitized at
30 frames per second and rendered by frame to im-
age sequences with a frame size of 655 x 480 pixels.
With a distance to the screen of 1.5 to 2 feet (about
45 to 60 cm), the examiners marked the TVFs on
each frame at the right and left vocal processes and
the anterior commissure (Fig 1). The TVF angle was
then computed with custom software written with
Matlab (Mathworks, Natick, Massachusetts).!3 In
instances in which the epiglottis obscured the an-
terior commissure, the TVFs were marked from the
vocal processes to the point at which they could no
longer be seen, and the location of the anterior com-
missure was then computed as the intersection of the
two lines. Images were excluded if the view of the
TVFs was more than 50% obscured by the epiglot-
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Fig 1. Vocal folds marked for angle computation in Mat-
lab.

tis or by poor camera positioning, or if shadow i
ages prevented accurate identification of the -
geal structures.

To calculate estimates of TVF adduction
duction velocity during cough, asymmeta
curves were fit to sets of sequential

and postcompression abduction, ie, d
pulsion phase, from TVF closurg to ma
duction angle. In a method si to that reported
by Stepp et al,!0 the slope between thg points of in-
tersection of the sigmoidal vigh the values 20%
and 80% of the maximum as used to repre-
sent the average velocity®

Finally, observatio
movement of the supra

ade of the pattern of
ic structures during ttge
e

lyzed by use of 2-way random model intraclass cor-
relation coefficients.!” To avoid correlation induced
by multiple cough samples from the same person, 1
random cough sample per participant was selected
for the statistical analysis. If the given cough sample
contained sequential coughs, the first cough of the
sequence was analyzed. Paired #-tests were used to
maximum TVF abduction angles and

and expu hases. Independent-sample Stu-
dent’ st re used to compare maximum TVF
abduction amgles and TVF angular velocities across

RESULT

thWes of phase of cough, sex, and cough
stre . \

data or inade-

. and exclusion of

a reflexive cough,

8 of the 50 individu-
re analyzed. For subjects
bservation, 1 observation

or analysis. Of this total, 24
via a rigid scope and 14 via a
ere single coughs, and 12 were
first coughs frofy multicough sequences. A total of

fter exclusions due to
ate visualization of the
1 observation determin
the volitional coug
als (11 male, 27 fema
with more than 1
was randomly

76 videoelips (inspiration and expulsion phases
from ea eh) were rendered to bitmap frames
for a he TVF angle was measured on a total
of 9 es (2% were obscured by the epiglottis;
3 ¢ excluded because of shadow images).

IntPaobserver and Interobserver Reliability of Se-
tial and Maximum TVF Abduction Angles. The
observer intraclass correlation coefficients for

equential angles and 10 maximum glottal an-

compression phasemagd of whether the TVFs clos \
after the expul @ ase for all single coug gles measured from inspiration or expulsion phases
For the purposes\ef cgmparing the levels of effotg,

cough obsegVatidmps were divided into soft c

and mode % ard coughs based upon
perceptual judgngénts of cough strength ma e
primary author (D.B.).

Intra-rater and Inter-rater Reli@ibili or ex-
amination of intra-rater and interstater feliability,
identification of cough phase durati nd mark-
ings of the TVFs to calculate angles during inspira-
tion and expulsion phases were repeated by 2 expe-
rienced speech-language pathology coauthors (T.E.,
C.B.) for 10 randomly selected participants. The 2
reliability raters and the primary author completed a
portion (10 total) of their ratings twice, with at least
30 minutes between the rating sessions.

Statistical Analysis. The reliability, in terms of
absolute agreement, of measuring the abduction an-
gles and the maximum abduction angles was ana-

of cough across 10 randomly selected participants
by 1 of 3 examiners were 0.98 (95% confidence in-
terval [CI], 0.98 to 0.99) and 0.98 (95% CI, 0.94 to
0.99), respectively. The interobserver intraclass cor-
relation coefficients for 104 sequential angles and
for 10 maximum glottal angles from inspiratory or
expulsion phases of the 10 participants were 0.98
(95% CI, 0.98 to 0.99) and 0.97 (95% CI, 0.94 to
0.99), respectively. Selected examples of interob-
server reliability data are presented in Fig 2.

Intraobserver and Interobserver Reliability of
Phase of Cough Durations. It was not possible to
validly identify the onset of the inspiration phase
or the end of the expulsion phase solely from TVF
movements, because there were no consistent dis-
tinct movements of TVFs at these points. Howev-
er, phase duration boundaries characterized by TVF
closure, ie, compression phase and expulsion phases
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Subject 31: Inspiration, “hard cough,”
flexible scope (halogen light)

80

70

60

50

40

=== Examiner 1

30

Angle (degrees)

=== Examiner 2
20

== Examiner 3

10

1. 2 3 4 5 6 7 8 9 10

1 12 13
Frames (29.97 frames per second)

Angle (degrees)

Subject 14: Expulsion, “cough,”
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Fig 2. Examples of data collected for interobserver reliability fag measurement of vocal fold angles dufin ential images
from selected inspiration and expulsion phases of cough. \ L 4

intraobserver and interobserver reliability.

Maximum TVF Abduction Angle During
The maximum TVF angles were compared
the inspiration and expulsion phases of cqugh
36 subjects and between groups defined

ending with TVF closure, were identified with 10w

n
ex4and

abduction angles during the ins
the expulsion phase (p = 0.27;

= 0.07 for expulsion
in maximum TVF ag;

ig ance between the sexes dur;
@ , with women (mean, 49.
SD, 14.3°) demo :

moderate to hard coughs (mean, 54.9°;
versus soft coughs (mean, 46.6°; SD#

TVF Velocity of Movement During Cough. The
sequential angle data from precomp on adduc-
tion and expulsion abduction were monotonic and
fit well by an asymmetric sigmoid curve (Fig 3). Us-
ing these data, average TVF precompression adduc-
tion and postcompression abduction angular veloci-

TABLE 2. MAXIMUM ABDUCTION ANGLES

Angles (°)
Cough Phase n Mean SD
Inspiration 36 471 16.4
Expulsion 36 50.0 134

1es were compared within"34, subjects and between
groups defined by the @ s of sex and cough
strength (37 subject iratory phase; 35 sub-
jects for expulsion &ig 4). The postcompres-
sion abduction avefa locity (mean, 996°/s; SD,
811°/s) was statilti igher than the precompres-
sion adduction a e velocity (mean, 541°/s; SD,
No significant differences were
aring average TVF precompres-
sion adduétion and postcompression abduction an-
gular ve @ across the variables of sex (p = 0.60
for i ory phase; p = 0.58 for expulsion phase)

a trength (p = 0.22 for inspiratory phase; p
=0. r expulsion phase).

Closure Following Expulsion Phase of

h. The presence of TVF closure following ex-

ion for 26 single-cough samples was observed
compared with differences in cough strength.
Overall, postexpulsion TVF closure occurred in 46%
of observed coughs. When closures were compared
as a function of cough strength, however, postexpul-
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Fig 3. Example of sequential true vocal fold adduc-
tion angle data for 1 subject, fit to asymmetric sigmoid
curve.
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Fig 4. Angular velocity; precompression adduction versus postcompres
interquartile range. Whiskers extend to lowest and highest data v
values located further than 1.5 times interquartile range past boxledges

soft coughs observed and for 57% (4 of 7) of the
moderate to hard coughs observed.

sion TVF closure occurred for 42% (8 of 19) of the \ y is the first to report a
r visualization and meas%
iy, &

Movements of Supraglottic Structures
Cough. The patterns of TVF and supraglotti

of the TVFs, closure of the supraglot
was achieved via extreme anteffor-posterior com-
pression (ie, arytenoids conta petiole of the
epiglottis) and medializatio he falSe vocal folds.
These movements were furt
the pharyngeal walls, creati
ter. Upon expulsion, the
the TVFs popped ope
of a single frame (ie, app

aglottic structures and
within the time span
imately 0.03 second). I‘l
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t of TVF kinemat-
espite the sampling
sible to calculate the ve-
compression adduction
ngle sequences, as these
fit well by an asymmetric

Soft

wi

L

cs during cough. In ad
rate constraints, it was
locity of TVF motio

phase duration from observa-
tion of RYF movements proved more difficult. The
TVFs w, ically in an abducted position just
before t truction to cough. Further abduction
mov were subtle, and it was not possible to

tect the direction of airflow solely by
-frame visual inspection of the endoscopic

v
f]

%For this reason, the onset of “inspiration” was

ificially defined as being after the instruction to

h. The compression phase could be visualized,
involved airway closure by the TVFs and the

a very small numbemgf observations (approximatel \
5%), TVEF clos % pbserved without addition( supraglottic structures. The onset of the expulsion

supraglottic clos¥
observatio

Cough P uration. Cough phase duli
were compared“across 26 single-cough
tions; sequential-cough samples were o

pese were all very soft cou

out airflow data. Observation of the exp@lsion phase
duration was limited to 12 single coughs in which
postexpulsion TVF closure was observed. The ex-
pulsion phase durations were generally less variable
than the preexpulsion and postexpulsion compres-
sion phases (Table 3).

DISCUSSION

The results from this study support the feasibil-
ity and reliability of a method used to visualize and
measure sequential TVF angles during cough. This

phase was determined by the end of the compression
phase. However, we could not determine the end of
the expulsion phase for subjects who did not demon-
strate TVF closure after the cough. To obtain valid
measures of cough phase durations, it is necessary
to link TVF movements to airflow data.

No statistically significant differences were ob-
served in the maximum abduction angle between the
inspiratory and expulsion phases or between groups
defined by sex and cough strength. These findings

TABLE 3. DURATIONS OF PHASES OF COUGH

Duration (s)

Cough Phase n  Mean  SD Range

Preexpulsion compression 26 033 022  0.07-0.97
(true vocal fold closure)

Expulsion 12 024 006 0.13-037

Postexpulsion compression 9 026 036  0.00-0.83
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TABLE 4. MEAN ANGULAR VELOCITIES DURING COUGH AND DURING SPEECH REPETITION TASK
Sniff-/i/ Repetitions
Cough at Fast Rate*

Cough Level of Effort or Strength Precompression Adduction Expulsion Abduction Adduction Abduction
Overall 533 + 300 980 + 805 481 +99 398 £ 83
Soft 479 + 257 970 + 744

Moderate to hard 613 + 347 995 + 918

Velocities are presented in degrees per second (mean + SD).
*Data from Stepp et al.l0

are contrary to those of studies of pulmonary func-
tion and phonatory measures that show statistically
significant differences between the sexes!8:19 and an
effect of effort on pulmonary function measures.!?
It is possible that these measures have a higher lev-
el of variability and/or that these results were influ-
enced by poor control over data in this secondary
data analysis. Therefore, future prospective con-
trolled studies are needed to confirm or refute th
exploratory results.

The TVF abduction velocity during th Q—
sion phase was faster and more variable t

precompression adduction velocity. In qgompating

TVF adduction and abduction velocitie ed
during cough with the TVF velocij Ssociated
with speech (ie, fast sniff-/i/ repetitio ported by

Stepp et al,!0 we found that the gough-refated TVF
velocities were much faster a&ivariable (Ta-
ble 4). Additionally, the inspirator duction and,
ocities were rela-
cough strength.
iCtion velocity with
naffected by cough
hysiological findings re-

The observation of a hi

expulsion that is relati
strength is consistent
ported by Hillel,!

% § approximately 150 ms

on. Hillel! explained th
“spring loads” abductio
the instant the intrinsic a
s relax. The timing of the™
tions during the expulsion phase of @,
that the mechanism is reflexive in ngture, @ven when
the movement is initiated volitionally. Thejability of
the laryngeal muscles to coordinate SO quickly in
concert with the muscles of respiration during cough
expulsion is a life-preserving reflexive response that
serves to protect the airway and lungs.20

g
8

After the expulsion phase of cough, TVF clo-
sure occurred inconsistently, but occurred more fre-
quently with moderate to hard coughs than with soft
coughs. This observation may explain contrary find-
ings in prior studies, in which reports of TVF clo-
sure after the expulsion phase with single coughs
were mixed.!3 Further studies will be needed to de-

adductor and abductor ele&\

&
term&‘h r cough strength is a significant fac-

tor influendimg TVF closure after cough expulsion.

losure following cough expulsion may
protect the airway undeggconditions of more
| coughing and/or reflexivetegughing.

effo
consistent, dynamic .pa%f supraglottic
\O ements was observed to fei e the pre-expul-
0

n TVF closure across 9 rticipants. Within

n@ lottic involvement is

T
furt

he context of phonatio
typically interpreted
ever, similar supragl
closure has been re
ing2! and swal
essary to preve

of dysfunction. How-
reinforcement of laryngeal
with effortful breath-hold-
upraglottic closure is nec-
scape during the compression

cause these data were analyzed after
clinical’eyaminations, many variables were uncon-
tr&s the clinicians did not follow a uniform
ollection protocol. Although the participants

ined via a rigid laryngoscope were positioned
itferently, ie, with the head and neck more anterior
the tongue protruded, we did not observe any
overt variation in the cough mechanism itself. We
also did not observe any gagging associated with
cough tasks for those examined with rigid laryngo-
scopes. Owing to the lack of uniformity in task in-
structions, auditory perceptual judgments of cough
strength made by the primary author were used to
indicate cough strength. Further study is needed to
check for the consistency of these judgments be-
tween clinicians, and to correlate these judgments
with objective measures of cough strength such as
peak expiratory cough flow. The lack of airflow data
made computation of cough phase durations inade-
quate. Future studies that link TVF kinematic data
with airflow are needed to determine associations
between TVF movement patterns and the resulting
peak expiratory cough flow. In addition, future work
using a single protocol for the type of scope, consis-
tent task instructions to elicit soft versus hard levels
of effort, and a systematic number of trials per sub-
ject would strengthen this research effort. Despite

.
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the lack of control in data collection, this report of
exploratory findings based upon secondary analysis
of data collected clinically provides preliminary in-
formation to aid research hypotheses for future con-
trolled studies using the novel measures described
in this study.

CONCLUSIONS

The TVF angle during cough can be reliably
measured from endoscopic images. Additional air-
flow data are needed for measures of the duration of
cough phase.

Exploratory analyses suggest that the average ve-
locities of TVF movements may be faster for expul-
sion abduction than for precompression adduction,
whereas the extents of TVF abduction are relatively
similar. Sex and cough strength had no statistical-

movements during cough. Closure of the TVF
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