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ABSTRACT

Purpose: Our study aims were (a) to examine laryngeal vestibular closure (LVC)
temporal measures in healthy adults across tasks used in the Modified Barium
Swallow Impairment Profile (MBSImP) protocol to establish normative reference
values and (b) to examine influences of age, gender, and swallow task on LVC
temporal measures.

Method: A retrospective analysis of 195 healthy adults (85 men, 110 women;
age range: 21-89 years) who participated in a videofluoroscopic swallowing
study was completed. Seven swallow tasks of standardized viscosities and vol-
umes, as per the MBSImP protocol, were analyzed to measure time-to-LVC and
LVC duration (LVCd). Descriptive statistics were employed for all measures of
interest. Regression modeling was used to explore relationships between LVC
temporal measures (time-to-LVC, LVCd) with age, gender, and swallow task.
The relationship between time-to-LVC and LVCd was also explored.

Results: Significant findings included an increasing trend in LVCd across age
(older individuals had a longer LVCd), with women demonstrating a greater
increase. Related to viscosity, LVCd was significantly shorter for pudding com-
pared to thin liquid. Furthermore, when compared to 5-ml tasks, LVCd was sig-
nificantly longer in cup tasks, while time-to-LVC was significantly shorter. An
association was also observed between time-to-LVC and LVCd: As time-to-LVC
decreased, LVCd increased.

Conclusions: LVCd was influenced by age, gender, and swallow task. Longer
time-to-LVC was observed in older individuals, particularly older women, and with
thin liquids. Study findings contribute to adult normative reference values for LVC
temporal measures (time-to-LVC and LVCd) across MBSImP swallowing tasks.
Supplemental Material: https://doi.org/10.23641/asha.24126432

Laryngeal vestibular closure (LVC) is a primary
defense for airway protection during swallowing. Various
biomechanical events occur to close the laryngeal inlet
and prevent bolus entry, including laryngeal elevation,
pharyngeal shortening, anterior hyoid movement, and ton-
gue base retraction, all of which contribute to full epiglot-
tic inversion (Pearson et al., 2012, 2013; Vose & Humbert,
2019). If any of these events go awry, the bolus may enter
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the airway, potentially contributing to undesirable conse-
quences such as aspiration pneumonia (Giraldo-Cadavid
et al., 2020; Marik, 2001).

Videofluoroscopic swallowing studies (VFSSs) are the
gold standard to assess the various components of oropha-
ryngeal swallowing physiology, and airway invasion is a pri-
mary clinical outcome of note. The Modified Barium Swal-
low Impairment Profile (MBSImP) is an evidence-based pro-
tocol that is widely used by clinicians during VFSS assess-
ments to standardize bolus administration (Martin-Harris
et al., 2008; Northern Speech Services [NSS], 2020). Tar-
geted management of laryngeal approximation dysfunction
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relies on identification of the underlying cause of the airway
invasion as observed during the VFSS; however, these fac-
tors are inconsistently reported by dysphagia clinicians (Vose
et al., 2018). Airway invasion due to delayed or incomplete
LVC requires a unique and targeted approach to therapy,
and merely reporting a binary outcome of normal or abnor-
mal LVC remains insufficient to inform clinical practice.
Additional information on kinematic and temporal abnor-
malities of laryngeal approximation can be determined using
tools such as the Analysis of Swallowing Physiology: Events,
Kinematics & Timing (ASPEKT) method (Steele et al.,
2019).

Evidence supports that, within certain patient popu-
lations, such as those with Parkinson’s disease and oro-
pharyngeal cancer, LVC values outside a normative range,
such as a longer time-to-LVC and a shorter LVC duration
(LVCd), increase the risk for bolus airway invasion
(Barbon et al., 2020; Curtis et al., 2020; Dumican et al.,
2023). As a result, there has been an increasing interest in
elucidating the mechanics of LVC as well as how various
participant demographics and bolus factors may influence
LVC. Normative reference values are essential for clini-
cians to delineate typical from atypical findings to better
inform management plans (e.g., Mancopes et al., 2021;
Molfenter et al., 2019; Stecle et al., 2019). To date,
research on LVC measures have included both healthy
and disordered populations using various bolus protocols
under videofluoroscopy. Due to these inconsistencies, the
current evidence base is not in agreement with regard to
how time-to-LVC and LVCd are influenced by participant
demographics (i.e., age and gender) and bolus characteris-
tics (i.e., viscosity and volume). For example, a recent
study by Mancopes et al. (2021) did not observe any age,
gender, or volume effects on time-to-LVC in healthy
adults but did observe an age effect on LVCd. Specifi-
cally, the authors observed an increase of 4 ms in LVCd
for each additional year of age (Mancopes et al., 2021).
This age effect, however, was not observed in a study of
44 healthy adults by Molfenter et al. (2019). Differences
in study findings may be related to differences in tasks
and bolus administration techniques. Mancopes et al. used
natural cup sips of thin liquid, while Molfenter et al.
employed a controlled amount (5 ml) of nectar-thick lig-
uid. Steele et al. (2019), however, did not find differences
in LVCd with various swallow tasks in their healthy adult
cohort, including varying thicknesses of liquids employed
(International Dysphagia Diet Standardisation Initiative
[IDDSI] Levels 0-4). While previous research has explored
aspects of swallowing kinematics, none has analyzed a
large database to determine normative reference values for
LVC temporal measures using MBSImP protocol tasks.

Therefore, the purposes of this study were (a) to
examine LVC temporal measures in healthy adults across

tasks used in the MBSImP protocol to establish normative
reference values with a large sample of healthy adults and
(b) to examine the influence of demographic (age, gender)
and MBSImP swallow task (viscosity, volume) factors on
LVC temporal measures. Consistent with previous research
findings on related measures with smaller samples, we
hypothesized that (a) time-to-LVC would lengthen with
increasing bolus viscosity (Humbert et al., 2018) and
shorten with increasing volume (Herzberg et al., 2019).
While there is limited reporting on the effect of bolus prop-
erties on time-to-LVC, we hypothesize that increased sen-
sory input form larger bolus volumes may shorten reaction
times, whereas a longer reaction time is expected with
increased bolus viscosities due to the slowed bolus transit
time; (b) LVCd would be longer with increased bolus vol-
ume (Molfenter & Steele, 2012) but not with increasing
viscosity (Steele et al., 2019); (c) with increasing age, time-
to-LVC would be shorter but LVCd would be longer
(Humbert et al., 2018); and (d) there would be no differ-
ence in time-to-LVC and LVCd between genders.

Method

This cross-sectional study received institutional review
board approval. Participants provided informed consent
before study participation.

Study Participants

A normative VFSS database of 195 healthy adult
participants was retrospectively analyzed (Garand et al.,
2022). Original inclusion criteria were as follows: (a)
> 21 years of age and (b) the ability to safely eat and
drink all viscosities of solids and liquids without dietary
restrictions or modifications (Garand et al., 2022). Exclu-
sionary criteria included participants with (a) known aller-
gies or dietary restrictions to barium or other materials pro-
vided during the swallow study; (b) hiatal hernia > 2 cm;
(c) current or a history of pulmonary disease; (d) current or
a history of neurological condition or disease, such as
stroke; (e) current or a history of head or neck cancer; (f) a
history of anterior neck surgery; (g) an inability to self-
feed; and (h) current or a history of dysphagia or suspected
dysphagia per self-report as well as (i) women who were
pregnant or were suspected to be pregnant (Garand et al.,
2022). Participants who had a history of dental, tonsil/
adenoid, or sinus surgical procedures were included if they
met all other criteria (Garand et al., 2022).

VFSS Procedure

Participants underwent VFSS in an adult radiology
fluoroscopic suite performed by an experienced speech-
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language pathologist and a radiology assistant. The partic-
ipants were given 12 swallow tasks per the MBSImP pro-
tocol (Martin-Harris et al., 2008; NSS, 2020). For the pur-
poses of this study, only seven tasks derived from the lat-
eral viewing plane were analyzed: (a) a second trial of
5 ml of thin liquid barium (IDDSI Level 0) via teaspoon,
(b) a single cup sip of thin liquid barium (IDDSI Level 0),
(c) 5-ml nectar-thick liquid barium (IDDSI Level 2) via
teaspoon, (d) a single cup sip of nectar-thick liquid barium
(IDDSI Level 2), (¢) 5 ml of honey-thick liquid barium
(IDDSI Level 3) via teaspoon, (f) 5 ml of barium pudding
(IDDSI Level 4) via teaspoon, and (g) half of a cookie
(IDDSI Level 7) coated with 3-ml barium pudding. The
first 5 ml trial of thin liquid was not included since this
task is specifically meant to acclimate the individual to
the testing environment and barium, which is consistent
with the MBSImP protocol (NSS, 2020). Also consistent
with the MBSImP protocol, participants were provided
instructions to hold the bolus in their mouth until cued by
the clinician to swallow for the following tasks: 5-ml trials
of thin, nectar-thick, honey-thick, and cup-sip thin and
nectar-thick liquid barium trials (NSS, 2020). Continuous
fluoroscopy was employed, and images were digitally
recorded using the Digital Swallowing Workstation Model
7100 (Kay Elemetrics Corp.) or TIMS DICOM System
(TIMS Medical) at a rate of 30 frames per second.

LVC Measures

VFSS imaging data were transferred to MP4 files,
and individual swallow tasks were spliced for randomized
analysis. The individual swallow task video clips were
then converted to AVI format (https://cloudconvert.com/;
Lunaweb GmbH) and JPEG files via VirtualDub (http://
www.virtualdub.org/). JPEG files were then imported to
ImageJ (National Institutes of Health; https://imagej.nih.
gov), a free image processing software program, to com-
plete LVC temporal measures using the ASPEKT method.

As per ASPEKT, LVC is defined as the first frame in
which there is maximum approximation of the arytenoids to
the epiglottis during a swallow (Steele et al., 2019). Three
event frames from each swallow were used to calculate
time-to-LVC and LVCd: (a) the first frame of the hyoid
burst (i.e., the first frame where the hyoid makes a brisk
anterior—superior trajectory; see Figure 1), (b) the first frame
of LVC (i.e., the first frame in which the arytenoids are at
the furthest point of approximation to the epiglottic petiole;
see Figure 2), and (c) the first frame of laryngeal vestibular
opening (LVO; i.e., the first frame in which any amount of
air or contrast can be detected within the laryngeal vestibule
post-closure; see Figure 3).

To calculate the time-to-LVC (in milliseconds), the
first LVC frame was subtracted from the first hyoid burst
frame. Time-to-LVC was then divided by 30 and multiplied
by 1,000 (Time-to-LVC = [(First Hyoid Burst Frame —
First LVC Frame) / 30] x 1,000) (Steele et al., 2019). To
calculate LVCd (in milliseconds), the first frame of LVC was
subtracted from the first frame of LVO, divided by 30,
and multiplied by 1,000 (LVCd = [(First LVO Frame -
First LVC Frame) / 30] x 1,000) (Steele et al., 2019).

Statistical Analysis

Descriptive statistics were calculated for all measures
of interest. All data were modeled under parametric
assumptions. Pairwise comparisons were performed to
determine differences in time-to-LVC and LVCd across
three age categories (21-39 years, 40-59 years, and 60+
years) for each swallow task. Age categories were deter-
mined based on previous literature available at the time
of data collection (e.g., Hiss et al., 2001; Mendell &
Logemann, 2007; Rademaker et al., 1998). A Bonferroni
correction was applied to adjust for multiple comparisons,
which revealed a statistical significance level of p < .0167.
Regression models using a general estimating equations
framework were employed to determine relationships

Figure 1. Images illustrating before hyoid burst occurs and the first frame of hyoid burst.

Before brisk anterior—posterior trajectory

After brisk anterior—posterior trajectory
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Figure 2. Images illustrating laryngeal vestibule open and partially closed as well as the first frame of laryngeal vestibular closure.

between LVC temporal measures and the following factors:
age, gender, and swallow tasks. Furthermore, interactions
among factors were also considered. Comparisons between
viscosity and volume were conducted utilizing the output
from the associated generalized estimating equation models.
Mean differences were calculated using contrast/estimate
statements with Wald-type tests chosen to determine statis-
tical significance. To explore the effect of viscosity, only 5-
ml tasks were included (i.e., thin, nectar, honey, and pud-
ding). Similarly, to explore the effect of volume, only the 5-
ml and cup-sip tasks for thin and nectar-thick liquids were
analyzed. Finally, the relationship between time-to-LVC
and LVCd was explored across all model variables (age,
gender, and swallow task) utilizing a generalized estimating
equation regression model similar to the approach
described above. Models were fit using the geeglm function
from the R library geepack in R Version 4.0.3. Statistical
significance was determined using a p value of < .05.

Reliability

Ten percent (n = 137) of the swallows were ran-
domly selected to determine interrater reliability between
two raters (C. P. and S. W. A.). Ratings were considered
in agreement if they were within a three-frame tolerance
(0.1 s). A three-frame tolerance was selected in accordance

with previous research assessing swallowing kinematics
(Donohue et al., 2021; Steele et al., 2019). Interrater reliabil-
ity was calculated using a two-way random effects model.
Intraclass correlation coefficients and 95% confidence inter-
vals were calculated (Cohen, 1988). Initial interrater reliabil-
ity (n = 137 of 1,349) was observed to be excellent for all
three frame selections (all ps < .001); therefore, C. P. rated
approximately 66% of the study sample, and S. W. A. rated
approximately 33% of the study sample. Intrarater and
interrater reliability were completed again once all swallows
were analyzed using a random sample of 10% of the
remaining swallows. Disagreements were resolved through
consensus meetings between the two raters (C. P. and
S. W. A)) and two senior authors (A. N.-M. and K. L. G.).
A review, repeat measurement, and discussion technique was
used until consensus was met (Steele et al., 2019).

Results

Of the original 1,365 swallows extracted from the
database, 1,349 swallows were analyzed. Ten swallows were
analyzed for only one temporal measure due to onset of the
VESS recording beginning after the hyoid had made the ini-
tial trajectory or due to the recording ending before LVO.
Three video files were missing due to the swallow task not

Figure 3. Images illustrating one frame before and the first frame of laryngeal vestibular opening.

One frame prior to opening

First frame contrast/air can be seen

Werden Abrams et al.: Factors Influencing LVC in Healthy Adults 3847



Table 1. Participant demographics across age categories.

21-39 years 40-59 years 60-79 years Total
Variable (n =70) (n =70) (n = 55) (N =195)
Age (years), M (SD) 28.2 (4.6) 48.9 (6.2) 68.7 (8.0) 47 (17.4)
Gender
Female (n = 110) 36 (51) 35 (50) 39 (71) 110
Male (n = 85) 34 (49) 35 (50) 16 (29) 85
Note. Data are reported as frequency (percentage) unless otherwise stated.

having been recorded, and three swallows were eliminated
due to lack of clarity or technical issue preventing analysis.

Participant Demographics

This study included a total of 195 participants (85
men, 110 women) between the ages of 21 and 89 years
(see Table 1).

Reliability

There was excellent intrarater and interrater agree-
ment (see Table 2; Shrout & Fleiss, 1979).

Descriptive Analyses

Table 3 provides an aggregate summary of time-to-
LVC and LVCd. Tables 4-6 provide descriptive analyses
for time-to-LVC and LVCd across age categories, between
genders, and across swallow tasks, respectively. Further
descriptive analyses across age category, gender, and swal-
low tasks are provided in Supplemental Material Sl1.
Means and standard deviations of timing measures (in
milliseconds) have also been converted to frames across
Tables 3-6 for reader interpretation of clinically meaning-
ful differences.

Time-to-LVC: Participant Demographics and
Influence of Swallow Task Factors

Mean time-to-LVC was longest in adults aged 21—
39 years (167 + 92 ms) and shortest for adults > 60 years
of age (160 + 163 ms; see Table 4); however, there were

no significant differences between age categories for any
swallow task (all ps > .22; results not shown). Women
had a shorter mean time-to-LVC (149 + 152 ms) com-
pared with men (182 + 84 ms; see Table 5). There was no
statistically significant interaction between age and gender
(p = .08; see Table 7).

Pairwise comparisons controlling for age and gender
revealed significant differences across various swallow
tasks (see Table 8). For example, the average time-to-
LVC for 5-ml thin liquid (168.71 + 118.56 ms) was 41 ms
longer (p < .001) than a cup sip of thin liquid (127.52 +
141.19 ms).

For viscosity, no significant differences in time-to-
LVC were observed (all ps > .05), and there was no signif-
icant interaction between age and gender (p = .27). See
Table 9 for full details of the model.

For volume, cup sip tasks were significant. Com-
pared to 5-ml tasks (168.71 + 118.56 ms), cup sip tasks
(127.52 + 141.19 ms), on average, demonstrated a 38-ms
reduction in time-to-LVC (p < .001), and there was a sig-
nificant interaction between age and gender (p = .03). See

Table 10 for full details of the model.

LVCd: Participant Demographics and
Influence of Swallow Task Factors

Mean LVCd was shortest in adults aged 21-39 years
(440 + 127 ms) and longest in adults > 60 years of age
(509 + 156 ms; see Table 4); significant differences were
observed between age groups. When comparing the youn-
gest to the oldest age category, significant differences were
observed for the following tasks: 5-ml thin (p = .004),

Table 2. Interrater and intrarater reliability across frame selection for LVC measures.

Intrarater | Intrarater
ICC ICC Interrater
Measurement (Rater 1) (Rater 2) | 95% CI | p value | Interpretation ICC 95% CI p value | Interpretation
Hyoid burst frame 1 1 [1, 1] < .001 | Excellent .956 [.939, .969] < .001 | Excellent
LVC frame 1 1 [, 1] < .001 | Excellent .957 [.940, .969] <.001 | Excellent
LVC offset frame 1 1 [, 1] < .001 | Excellent .956 [.938, .969] <.001 | Excellent

Note.

LVC = laryngeal vestibular closure; ICC = interclass correlation coefficient; Cl = confidence interval.
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Table 3. Descriptive statistics of time-to-LVC and LVCd.

M = SD Median Minimum, maximum 95% Cl M = SD
LVC measure (ms) (ms) (ms) (ms) (frames)
Time-to-LVC 163.29 + 127.84 166.67 -1,700, 999 [156.5, 170.08] 4.89 + 3.83
LVCd 478.35 + 164.56 433.33 166.67, 2,366.67 [469.61, 487.09] 14.34 + 4.93
Note. LVC = laryngeal vestibular closure; LVCd = laryngeal vestibular closure duration; Cl = confidence interval.
Table 4. Descriptive statistics of time-to-LVC and LVCd across age categories.
Age category M = SD Median Minimum, maximum 95% ClI M = SD
LVC measure (years) (ms) (ms) (ms) (ms) (frames)
Time-to-LVC 21-39 167.07 + 91.99 166.67 -566.67, 999 [158.91, 175.24] 5.01 +2.74
40-59 162.31 = 127.31 166.67 -1,700, 999 [151.01, 173.61] 4.867 + 3.82
60+ 159.73 + 163.11 166.67 -800, 999 [143.39, 176.08] 4.79 + 4.89
LVCd 21-39 440.19 + 126.99 400.00 233.33, 1,300 [428.92, 451.46] 13.19 + 3.81
40-59 477.95 + 168.06 466.67 166.67, 2,366.67 [463.03, 492.86] 14.33 £ 5.04
60+ 508.56 + 155.77 466.67 233.33, 1,466.67 [5608.58, 546.29] 15.24 + 4.67
Note. LVC = laryngeal vestibular closure; LVCd = laryngeal vestibular closure duration; Cl = confidence interval.
Table 5. Descriptive statistics of time-to-LVC and LVCd between genders.
M = SD Median Minimum, maximum 95% ClI M = SD
LVC measure Gender (ms) (ms) (ms) (ms) (frames)
Time-to-LVC Male 181.79 + 84.24 166.67 -366.67, 500 [138.26, 159.73] 5.45 + 2.53
Female 149 + 151.78 133.33 —1.700, 999 [138.26, 159.73] 447 + 4.55
LvCd Male 454.16 + 135.07 433.33 166.67, 1,933.33 [443.29, 465.04] 13.61 + 4.05
Female 497.04 + 182.03 466.67 233.33, 2,366.67 [484.17, 509.92] 14.90 = 5.46
Note. LVC = laryngeal vestibular closure; LVCd = laryngeal vestibular closure duration; Cl = confidence interval.
Table 6. Descriptive statistics of time-to-LVC and LVCd across swallow tasks.
M = SD Median Minimum, maximum 95% CI M = SD
LVC measure Swallow task (ms) (ms) (ms) (ms) (frames)
Time-to-LVC 5-ml thin 168.71 + 118.56 166.67 -300, 999 [151.96, 185.45] 5.06 + 3.55
Cup thin 127.52 + 141.19 133.33 -566.67, 999 [107.58, 147.46] 3.82 +4.23
5-ml nectar 163.93 + 98.88 166.67 —-333.33, 999 [149.96, 177.89] 491 +2.96
Cup nectar 130.08 + 189.83 133.33 -1,700, 999 [103.27, 156.89] 3.90 + 5.69
5-ml honey 168.88 + 127.78 166.67 —-733.33, 999 [150.84, 186.93] 5.06 + 3.83
5-ml pudding 170.09 + 79.8 166.67 -500, 400 [158.821, 181.36] 5.90 + 2.39
Solid 213.85 + 85.67 200 33.33, 500 [201.75, 225.95] 6.41 +2.57
LVCd 5-ml thin 462.54 + 143.16 433.33 200, 999 [442.32, 482.76] 13.86 + 4.29
Cup thin 555.36 + 182.68 533.33 233.33, 1,300 [629.56, 581.16] 16.65 + 5.48
5-ml nectar 469.73 + 142.54 466.67 233.33, 1,066.67 [449.6, 489.86] 14.08 + 4.27
Cup nectar 532.98 + 228.27 500 266.67, 2,366.67 [5600.74, 565.22] 15.98 + 6.84
5-ml honey 476.06 + 161.17 433.33 233.33, 1,266.67 [453.29, 498.82] 14.27 + 4.83
5-ml pudding 429.06 + 99.99 400 233.33, 966.67 [414.94, 443.18] 12.86 + 2.99
Solid 422.74 + 115.23 400 166.67, 1,066.67 [406.46, 439.01] 12.67 + 3.45
Note. LVC = laryngeal vestibular closure; LVCd = laryngeal vestibular closure duration; Cl = confidence interval.
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Table 7. Model results for time-to-LVC.

Table 9. Model results for viscosity and time-to-LVC.

Note. LVC = laryngeal vestibular closure.

5-ml nectar (p = .008), cup sip nectar (p < .001), 5-ml
honey (p < .001), 5-ml pudding (p = .002), and solid (p =
.009). When comparing the middle age category to the
oldest age category, significant differences were observed
for the 5-ml honey task (p < .001). When comparing
the middle age category to the youngest age category, sig-
nificant differences were observed for the 5-ml thin task
(p = .005) and 5-ml pudding task (p = .014). All other
comparisons were nonsignificant (ps > .0167). For all sig-
nificant differences observed, the older individuals demon-
strated longer LVCd times relative to their younger
counterparts.

With respect to gender, female participants had a
longer mean LVCd (497 + 182 ms) compared with male
participants (454 + 135 ms; see Table 5). There was also a
statistically significant interaction between age and gender
(p < .001; see Table 11).

Figure 4 illustrates the increasing trend in LVCd for
both genders across age; women (solid line) demonstrated
a greater increase than men (dotted line). This increase in
LVCd by age is noted across all bolus volumes and
viscosities.

Wald Wald
Variable Estimate SE statistic p value Variable Estimate SE statistic p value
Intercept 174.60 17.10 104.22 < .001 Intercept 164.71 18.56 78.78 < .001
Cup thin -41.19 12.51 10.84 < .001 Nectar -4.78 9.45 0.26 .61
5-ml nectar -4.78 9.45 0.26 .61 Honey 0.18 10.49 0.00 .99
Cup nectar -38.63 13.83 7.80 .01 Pudding 1.38 8.91 0.02 .88
5-ml honey 0.18 10.49 0.00 .99 Gender 0.73 25.69 0.00 .98
5-ml pudding 1.38 8.91 0.02 .88 Age -0.19 0.48 0.16 .69
Solid 4514 10.09 19.99 < .001 Gender x Age 0.66 0.60 1.23 27
Gender -11.52 23.29 0.24 62 Note. LVC = laryngeal vestibular closure.
Age -0.41 0.41 0.98 .32
Gender x Age 0.96 0.54 3.12 .08 Pairwise comparisons controlling for age and gender

revealed significant differences across various swallow
tasks (see Table 12). For example, the average LVCd for
5-ml thin liquid was approximately 93 ms shorter when
compared to a cup sip (p < .001). In contrast, average
LVCd for 5-ml thin liquid was approximately 33 ms lon-
ger compared to pudding (p < .001).

For viscosity, model results revealed that only pud-
ding was significantly different compared to thin liquid,
with a 34-ms reduction on average for LVCd for the pud-
ding task (p < .001; results not shown). No further signifi-
cant differences were observed comparing viscosities (all
ps > .05). There was a significant interaction between age
and gender (p < .001). Full details of the model can be
found in Table 13.

For volume, cup sip tasks were significant. Com-
pared to 5-ml tasks, cup sip tasks, on average, demon-
strate a 78-ms increase in LVCd (p < .001). There was a
significant interaction between age and gender (p < .001).
Full details of the model can be found in Table 14.

Relationship Between Time-to-LVC and LVCd

A significant association was observed between
time-to-LVC and LVCd, which revealed that as time-to-

Table 8. Pairwise comparison results for time-to-LVC after controlling for age and gender.

Comparison Difference Wald statistic p value
5-ml thin vs. cup thin 41.19 10.84 < .001
5-ml thin vs. 5-ml nectar 4.78 0.26 .61
5-ml thin vs. 5-ml honey -0.18 0.00 .99
5-ml thin vs. 5-ml pudding -1.38 0.02 .88
Cup thin vs. cup nectar -2.56 0.03 .86
5-ml nectar vs. cup nectar 33.85 9.61 < .001
5-ml nectar vs. 5-ml honey -4.96 0.24 .62
5-ml nectar vs. 5-ml pudding -6.16 0.55 .46
5-ml honey vs. 5-ml pudding -1.20 0.02 .89

Note. LVC = laryngeal vestibular closure.
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Table 10. Model results for volume and time-to-LVC.

Wald

Variable Estimate SE statistic p value
Intercept 183.20 23.82 59.16 < .001
Cup sip -37.52 8.68 18.68 < .001
Nectar -1.11 9.33 0.01 .91
Gender -31.19 29.39 1.13 .29
Age -0.66 0.55 1.47 .23
Gender x Age 1.48 0.69 4.61 .03

Note. LVC = laryngeal vestibular closure.

LVC shortened, LVCd lengthened (p < .001). This rela-
tionship remained after controlling for swallow task, age,
and gender.

Discussion

This study evaluated time-to-LVC and LVCd in
healthy adults to determine normative reference values
across MBSImP swallow tasks, while also examining the
influence of age, gender, and swallow task factors on these
measures. These findings indicate that both participant
demographics and swallow task factors influence LVC
measures. Overall, a significant negative relationship was
found between LVCd and time-to-LVC, as shorter reac-
tion times were associated with longer durations. Details
of all findings are discussed below.

Time-to-LVC

Participant Demographic Trends

The main effects of this study indicate that while
older adults (> 60 years of age) had a shorter mean time-
to-LVC, there was no significant difference between age
groups. Furthermore, the main effects of gender showed
that women had a shorter time-to-LVC compared with
male peers. The results of this study found no significant

Table 11. Model results for laryngeal vestibular closure duration.

Wald

Variable Estimate SE statistic p value
Intercept 342.35 26.55 166.32 < .001
Cup thin 92.83 12.66 53.74 < .001
5-ml nectar 7.19 8.81 0.67 41
Cup nectar 70.44 14.69 23.00 < .001
5-ml honey 13.52 11.43 1.40 24
5-ml pudding -33.48 9.98 11.25 < .001
Solid -39.80 10.93 13.27 < .001
Gender 78.11 35.73 4.78 .03
Age 2.82 0.57 24.08 < .001
Gender x Age -2.41 0.79 9.31 < .001

interaction between age and gender for time-to-LVC. This
is contrary to some research, for example, in a study by
Humbert et al. (2018), older adults were observed to have
a longer time-to-LVC compared to their younger counter-
parts. Muscle function is anticipated to decline during typ-
ical aging, with evidence supporting deteriorations in swal-
lowing function in older adults (e.g., Molfenter et al.,
2019; Robbins et al., 2006), which may account for the
longer time-to-LVC seen in some study samples. However,
given the relatively large sample and the more complex
data analyses employed, the results of this study are likely
to be more generalizable to the larger population. Older
adults may be compensating for previously reported age-
related changes. Alternatively, laryngeal muscle fibers may
not be affected by sarcopenia to the same degree as pha-
ryngeal or lingual muscles. Laryngeal muscles control res-
piration, phonation, and airway protection, all of which
are endurance activities (Hoh, 2005). The laryngeal mus-
cles also have the capability for sudden high-intensity
movements, such as when sneezing and coughing (Hoh,
2005). Given our limited knowledge of how sarcopenia
affects the larynx, further research is required.

Available evidence is contradictory regarding the
impact of gender. For example, Humbert et al. (2018)
observed a longer time-to-LVC in men, while findings
from Molfenter et al. (2019) and Steele et al. (2019) did
not find a gender effect. Methodological differences
may explain contradictory findings (e.g., swallow tasks
employed, sample size). An additional consideration is
that men often have a larger volume in the laryngeal and
hypopharyngeal regions (Inamoto et al., 2011), which may
create a longer distance for the arytenoids to travel to
abut the epiglottic petiole, therefore contributing to a lon-
ger time-to-LVC. The authors of this study are not aware
of available evidence that has examined how differences in
anatomical size influence time-to-LVC, but this area of
research is worthy of exploration in the future.

Swallow Task Factors (Viscosity, Volume)

Viscosity did not significantly influence time-to-LVC
within this study, which contradicts previous reports
(Humbert et al., 2018; Steele et al., 2019). For example, in
a healthy cohort, Steele et al. (2019) observed a longer
time-to-LVC in thin liquids compared with other consis-
tencies. The current study cohort, however, had a larger
sample size and employed controlled volumes. Uncon-
trolled volumes may have influenced findings in the Steele
et al. study since participants generally consumed a larger
volume of thin liquid compared to the thicker liquid con-
sistencies trialed. While Humbert et al. (2018) did find dif-
ferences in time-to-LVC across viscosities, this was likely
due to their use of additional stimuli not administered
within our study (i.e., frozen boluses and mixed
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Figure 4. Expected laryngeal vestibular closure duration times across age by task and gender.
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consistencies). When comparing consistencies included in
this study (i.e., thin and pudding), our findings are congru-
ent, and there is no significant difference in reaction time.

LvCd

Participant Demographic Trends

The main effects of this study indicate that there
was a significant difference in mean LVCd between age
groups, with reaction time increasing with age. With
regard to gender, women had a longer mean LVCd com-
pared with male peers. There was a significant interaction
between age and gender for LVCd. Specifically, there was
an increasing trend for both genders across age, with
women demonstrating a greater increase in LVCd. The
age effect is consistent with study findings from Mancopes

et al. (2021), with the authors proposing that a longer
LVCd may be due to compensation as age-related changes
alter swallowing mechanics. Similar findings were also
observed in a study by Humbert et al. (2018), in which
they also noted more variability in older adults, consistent
with the hypothesis of age-related alterations in swallow-
ing function and inherent complexity in the underlying
mechanics of LVC. Molfenter et al. (2019) did not find an
influence of age on LVCd; however, their sample of 44
healthy individuals were aged 65 years and older, with an
age range of 68-86 years, and this limited age range may
have prevented an age effect from being observed.

Swallow Task Factors (Viscosity, Volume)
Cup sips of thin liquid had the longest LVCd, while
solid and pudding thick boluses had the shortest LVCd.

Table 12. Pairwise comparison results for laryngeal vestibular closure duration after controlling for age and gender.

Comparison Difference Wald statistic p value
5-ml thin vs. cup thin -92.83 53.74 < .001
5-ml thin vs. 5-ml nectar -7.19 0.67 A1
5-ml thin vs. 5-ml honey -13.52 1.40 .24
5-ml thin vs. 5-ml pudding 33.48 11.25 < .001
Cup thin vs. cup nectar 22.38 2.00 .16
5-ml nectar vs. cup nectar -63.25 21.29 < .001
5-ml nectar vs. 5-ml honey -6.33 0.33 .56
5-ml nectar vs. 5-ml pudding 40.67 16.21 < .001
5-ml honey vs. 5-ml pudding 47.00 22.62 < .001
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Table 13. Model results for viscosity and laryngeal vestibular clo-
sure duration times.

Wald
Variable Estimate SE statistic p value
Intercept 342.27 26.28 172.59 < .001
Nectar 7.19 8.81 0.67 41
Honey 13.52 11.43 1.40 24
Pudding -33.48 9.98 11.25 < .001
Gender 87.02 38.15 5.20 .02
Age 2.73 0.58 22.40 < .001
Gender x Age -2.55 0.80 10.02 < .001

The difference in LVCd was found to be significant when
pudding was compared to thin liquids, which is consistent
with findings by Humbert et al. (2018). Their study
employed different swallow tasks to capture viscosity dif-
ferences, so there is a lack of direct comparison across all
bolus trials. Steele et al. (2019) did not observe an effect
of viscosity, although this discrepancy may be due to sam-
ple size difference (195 participants in this study compared
to 38) and current study comparisons across tightly con-
trolled volumes of 5 ml (compared to unrestricted sips in
the study by Steele et al., 2019).

Study Limitations

There were limitations to this retrospective analysis.
There was an imbalance between genders for participants
above the age of 60 years, with fewer men in the oldest
age category. Therefore, there was an imbalance in sample
size across age categories, with the oldest age category
having the fewest participants (z = 55). Furthermore,
although strict eligibility criteria were employed in the col-
lection of the normative database, the cross-sectional
design prohibited a longitudinal assessment that would
document any changes in medical diagnoses where sub-
clinical alterations may have already been present at the
time of study data collection. Other limitations include
self-report of dysphagia and inclusion of previous/current
smokers, with the latter potentially altering aerodigestive
mucosa and sensitivity that can negatively impact swal-
lowing and other protective functions (Kim et al., 2020).

Table 14. Model results for volume and laryngeal vestibular clo-
sure duration.

Wald
Variable Estimate SE statistic p value
Intercept 332.30 33.13 100.62 < .001
Cup sip 78.04 9.71 64.53 < .001
Nectar -7.60 9.18 0.69 41
Gender 97.19 43.45 5.00 .03
Age 3.20 0.71 20.38 < .001
Gender x Age -2.88 0.97 8.88 < .001

In addition, volume was not controlled during the self-
administered cup sips. Previous evidence suggests the aver-
age natural sip is between 11 and 14 ml in adults (Steele
et al., 2019) and does not appear to be influenced by age
(Mancopes et al., 2021). Therefore, we are confident that
our results reflect a true comparison between smaller (5-
ml) and larger (cup sip) volumes. Furthermore, it is possi-
ble that other factors may have contributed to LVC tim-
ing. This study did not consider the location of the bolus
at swallow onset. Future work may consider including this
component to elucidate the influencing factors of LVC.
Finally, the liquid swallow tasks (i.e., thin, nectar, and
honey) employed in this study required the patient to hold
the bolus until the clinician cued them to swallow, as per
the MBSImP protocol. Previous research by Daniels et al.
(2007) notes that temporal measures can vary during cued
tasks compared to noncued tasks, although LVC measures
were not specifically collected for that study. Despite these
limitations, our cohort of a relatively large sample size
and employment of MBSImP protocol swallow tasks help
to fill gaps in the current literature by providing norma-
tive ranges and exploration of influential factors on LVC
temporal measures.

Conclusions

The findings of this study contribute to normative
reference values of two LVC temporal measures—time-to-
LVC and LVCd—as well as the influence of demographic
and bolus factors in the context of the widely used
MBSImP protocol. Normative reference values allow a
direct comparison to patient performance and provide
objective measures to document change in patient perfor-
mance over time for clinicians who employ the MBSImP
protocol of bolus administration and the ASPEKT
method of analyses. Understanding how participant demo-
graphics and bolus task characteristics alter LVC mea-
sures supports clinicians in enhanced clinical practices to
optimize patient outcomes.
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