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Abstract A literature review was conducted on temporal
measures of swallowing in healthy individuals with the
purpose of determining the degree of variability present in
such measures within the literature. A total of 46 studies
that met inclusion criteria were reviewed. The definitions
and descriptive statistics for all reported temporal parameters were compiled for meta-analysis. In total, 119 different temporal parameters were found in the literature.
The three most-frequently occurring durational measures
were upper esophageal sphincter opening, laryngeal
closure, and hyoid movement. The three most-frequently
occurring interval measures were stage transition duration,
pharyngeal transit time, and duration from laryngeal
closure-to-UES opening. Subtle variations in operational
definitions across studies were noted, making the comparison of data challenging. Analysis of forest plots compiling
descriptive statistical data (means and 95% confidence
intervals) across studies revealed differing degrees of variability across durations and intervals. Two parameters
(UES opening duration and the laryngeal closure-to-UES
opening interval) demonstrated the least variability,
reflected by small ranges for mean values and tight confidence intervals. Trends emerged for factors of bolus size
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and participant age for some variables. Other potential
sources of variability are discussed.
Keywords Deglutition  Deglutition disorders 
Temporal  Timing  Duration  Variability

Dysphagia (disordered swallowing) may occur secondary
to neurological impairment, structural changes in the head
and neck, and/or progressive illness. Dysphagia has the
potential to impact a person’s nutrition, hydration, and
quality of life, and may lead to serious sequelae such as the
development of aspiration pneumonia (as a result of
material passing below the vocal folds into the respiratory
system). Videofluoroscopy (VF) is considered the goldstandard tool for the assessment of dysphagia [1]. In VF,
various foods and liquids are mixed with radiographic
contrast media such as barium and swallowed under continuous fluoroscopy allowing for direct dynamic visualization of swallowing physiology. Using a standardized
protocol, the safety and efficiency of swallowing can be
assessed across various textures, volumes, and maneuvers
[2]. In the analysis of VF, several different quantitative
parameters can be measured, including kinematic measures
of structural displacement and timing measures (durations
and intervals). Given that VF involves radiation exposure,
which carries a risk of stochastic biohazard, the procedure
is necessarily limited to a small number of swallows
(usually between 3 and 10) [3]. Molfenter and Steele [4]
previously proposed that the brevity of the exam makes the
accuracy of interpretation susceptible to the influence of
variability in swallowing performance within a given
individual; furthermore, variability across individuals
impacts our ability to define a reference context of normative swallowing behavior. It can be difficult to detect
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and quantify the extent of both impairment and real change
(either improvement or deterioration) in a patient’s swallowing against this backdrop of inherent variability [4].
Consequently, there is a need to better understand the
variation that exists in swallowing physiology in order to
appreciate the extent to which this constitutes a limitation
on clinical decision-making and scientific analysis. In this
article we report a meta-analysis of temporal variability in
swallowing.
In an early and seminal publication, Lof and Robbins [5]
studied the test–retest variability of nine temporal measures
of swallowing in 16 healthy participants divided equally by
sex and age group (middle-aged versus older adults). To
our knowledge, this is the only available publication that
explores variability in temporal measures of swallowing.
Each participant swallowed three 2-ml boluses of both
liquid barium and paste barium. This VF protocol was then
repeated an average of 97 days later for middle-aged participants and 45 days later for older participants. The
authors reported data for nine durational measures and
examined their relative test–retest variability using the
coefficient of variation (CV). The CV is a measure that
expresses the standard deviation (SD) in reference to the
size of the mean, with a higher CV representing greater
relative variability in the parameter of interest [6]. Among
the nine timing variables that were studied, Lof and Robbins [5] reported that stage transition duration (STD) was
the most volatile, with a CV of 1.14 for liquids (mean =
–0.22, SD = 0.25) and 17.67 for semisolid (mean = –0.03,
SD = 0.053) stimuli.
Unfortunately, there is a statistical limitation in the use
of the CV for appreciating relative variability across the
parameters studied by Lof and Robbins, because the
measure has a tendency to become inflated in the context of
small values, especially those near zero [7]. To illustrate
this point, imagine a sample in which one subgroup of
participants (Group A) has a mean STD of 0.01 s but a
fairly large standard deviation of 0.25 s, thereby yielding a
CV of 25 (CV = SD/mean). Consider, then, that a second
participant group (Group B) in the same study has a higher
mean STD value of 0.5 s but the same standard deviation
of 0.25 s, yielding a comparative CV of 0.5. Given that the
standard deviation in both groups is identical in terms of
real timing (i.e., 0.25 s), it would probably strike most
readers as implausible to conclude that the variability seen
in Group A is 50 times greater than that seen in Group B,
although this is in fact the message implied by the comparison of the two CV statistics. By simply shifting these
hypothetical data away from small values by adding a fixed
value of 0.5 s to all proposed group means and SDs, the
CVs change to 1.47 for Group A and 0.75 for Group B,
dramatically altering the magnitude of relative variability
seen between the two groups from 50 to 1.96 and
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illustrating the tendency for the CV measure to be unduly
influenced by actual numeric values. In the Lof and Robbins data set, STD was the variable that was most volatile
(displaying the highest CV values), but also the variable
with mean values that fell closest to zero (i.e., –0.22 s for
liquids and –0.03 s for semisolids). Clearly, in that particular study, the near-zero values of the STD parameter
made the interpretations of its relative variability vulnerable to this weakness in the CV statistic; alternative methods
for comparing variability across parameters and studies are
needed. Currently, there are no other known studies that
examine temporal variability in healthy swallowing,
although other studies have described substantial variability in event sequencing [8, 9] and in the location of the
bolus at swallow onset in healthy swallowing [10, 11].
In a previous meta-analysis of variability conducted on
13 studies reporting data on hyoid and laryngeal kinematics
in healthy adult swallowing, Molfenter and Steele [4]
inspected relative variability using means and 95% confidence intervals (CI) in order to circumvent the previously
mentioned limitations of the CV statistic [7]. Where variability was found, statistical, methodological, stimulusrelated, and participant-related sources were proposed. In
this article we use a similar approach to describe, synthesize, and discuss the variability seen in commonly reported
temporal measures of swallowing from the literature
describing healthy deglutition.

Methods
Search Strategy and Inclusion Criteria
A literature search for publications reporting temporal
swallowing data was completed using MedLine, with the
following search terms: (deglutition) and (videofluoroscop*
or modified barium) and (timing or duration or temporal).
The initial search was limited to studies published in
English. This yielded 183 abstracts for further review. The
basic inclusion criteria were studies reporting means and
SD or means and standard error of the mean (SEM) for
temporal parameters during thin-liquid swallowing tasks in
healthy adult humans. Studies were excluded from further
analysis if they (1) did not employ VF as their instrumental
method; (2) reported data for pediatric or patient populations (without clear reporting of reference data for healthy
adult participants); (3) reported timing for solid stimuli
only; (4) included data limited to measures taken during the
performance of compensatory swallow maneuvers; or (5) if
the study methods manipulated the natural process of
healthy swallowing (e.g., with direct infusion of a bolus to
the pharynx). Studies were also excluded if they did not
report the quantitative information necessary to calculate
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confidence intervals for meta-analysis and if they presented
statistical results only in graph format.
Studies Included
After the application of these criteria, a subset of 46 publications was retained for in-depth review [5, 8, 9, 12–54].
All temporal variables and statistical data were extracted
and compiled in a spreadsheet. Tallies of the frequency of
occurrence for each temporal variable were made across all
46 publications. In addition, other factors regarding each
study were documented, including participant age and
gender distribution, bolus volume, barium density, frame
rate, and method of analysis used.
Data Extraction
In total, 119 different temporal variables were found in the
reviewed literature. Extracted variables were divided into
three categories: durations, defined as the time required for
a distinct physiological event during swallowing to occur
(such as laryngeal closure); intervals, defined as the time or
latency that elapses between two gestures in the swallow
sequence (such as the time between the onset of laryngeal
closure and UES opening); and partial durations, defined as
subsegments of swallow durations (such as the latency
between the onset of laryngeal closure and the attainment of
maximum laryngeal closure, which is a segment of laryngeal closure duration). Table 1 displays the distribution
of the temporal variables by category and their observed
frequency within the data set of the 46 articles selected for
review. Partial durations were found to be reported with low
frequency, representing \10% of all measures, and therefore were not included in the subsequent analyses.
The three most-frequently occurring duration and
interval measures identified in this literature review were
selected for further in-depth analysis. The three most-frequently reported durations were upper esophageal sphincter
(UES) opening, laryngeal closure duration (LCD), and
hyoid movement duration (HMD). The three most-frequently reported intervals were stage transition duration
(STD), pharyngeal transit time (PTT), and laryngeal

Table 1 Number of different variables reported and their corresponding frequency of occurrence in the 46 publications reviewed

Intervals
Durations
Partial durations
Total
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Number of
variables

Number of
occurrences

% of variable
occurrences

100

220

0.72

8

61

0.20

11

23

0.08

119

304

closure (LC)-to-UES opening. The distribution of these
variables across the reviewed publications is given in
Table 2. It should be noted that in Table 2 the studies are
listed in alphabetical order, by first author, with a corresponding study key that is also used to identify these
studies in Figs. 1, 2, 3, 4, 5, 6. Study key numbers in the
table and figures do not correspond to the reference list
numbers and therefore are denoted in the text with italicized numbers, e.g., 7 or 8A, while reference list citations
are in square brackets.
A meta-analysis was performed on the six most-commonly reported temporal parameters (3 duration and 3
interval measures), using descriptive statistics, that were
clearly reported in 36 of the 46 publications selected for indepth review. The remaining ten publications reported data
for variables other than these six highest-frequency
parameters. All data were converted to units of seconds for
uniformity. Means and corresponding measures of dispersion, SD or SEM, were extracted from each publication.
One study reported raw data, which allowed us to calculate
means and SDs manually [36]. Next, 95% CIs for each
study/variable were calculated. This was achieved by
multiplying a specific t value (two-tailed, a = 0.05, at n-1
df) by the SD/[SQRT(n)] or SEM. By adding and subtracting this product to or from the mean, one can calculate
the 95% CI for that specific mean. These 95% CIs were
plotted on modified forest plots for each variable and are
displayed in Figs. 1, 2, 3, 4, 5, 6. In all six figures, the
diamonds represent the mean (in seconds) for each particular study (or variable, where applicable) and the error bars
represent the spread of the 95% CI. The study key appears
beside each data point, with corresponding information
available in Table 2. The scales for intervals and durations
were held constant across the figures to allow for transparent comparison of relative variability across parameters.
Inspection of the modified forest plots in Figs. 1, 2, 3, 4, 5, 6
allows one to appreciate trends in the aggregate data arising
from different study factors (e.g., factors of bolus volume,
age, or gender). It should be noted that the recognition of
these trends from visual inspection of the forest plots does
not necessarily imply that variation attributable to these
apparent factors of importance achieved statistical significance in the original publications.

Results
Durations
UES Opening Duration
Twenty publications reported data for UES opening duration. Compiled results appear in Fig. 1, with corresponding
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Table 2 Part 1 study key by author and variable(s) for the 36 publications that reported data for the six temporal variables of interest
Durations

Bisch et al. [46]
All boluses pooled
1 ml, pooled temp
5 ml, pooled temp
1 ml, cold
1 ml, room temp
5 ml, cold
5 ml, room temp
Chi-Fishman and Sonies [42]
5 cc
15 cc
Cook et al. [49]
2 ml
5 ml
10 ml
20 ml
Cook et al. [50]
2 ml
5 ml
10 ml
20 ml
Daniels et al. [36]
5 ml
Daniels et al. [37]
5 ml, cued
5 ml, uncued
Daniels et al. [35]
3 ml
5 ml
10 ml
20 ml
Dantas et al. [51]
5 ml, low density
5 ml, high density
10 ml, low density
10 ml, high density
Dantas et al. [53]
2 ml
5 ml
10 ml
20 ml
30 ml
Dantas et al. [52]
2 ml
5 ml
10 ml
20 ml

Study key

UES opening
duration

1A
1B
1C
1D
1E
1F
1G

4

2A
2B

4
4

3A
3B
3C
3D

4
4
4
4

4A
4B
4C
4D

4
4
4
4

Intervals
Laryngeal
closure duration

Hyoid
movement
duration

Stage
transition
duration

Pharyngeal
transit time

4
4
4
4
4
4
4
4

4
4

5

4

4

6A
6B

4
4

4
4

7A
7B
7C
7D

4
4
4
4

4
4

8A
8B
8C
8D

4
4
4
4

4
4
4
4

9A
9B
9C
9D
9E

4
4
4
4
4

4
4
4
4
4

10A
10B
10C
10D

LC to UES
opening
duration

4
4
4
4

4
4
4
4

4
4
4
4

4
4
4
4
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Table 2 continued
Durations

Dantas et al. [34]
5 ml, women
5 ml, men
10 ml, women
10 ml, men
Kahrilas et al. [44]
1 ml
10 ml
Kang et al. [24]
2 ml, \ 45 years old
2 ml, 45–54 years old
2 ml, 55–64 years old
2 ml, [ 65 years old
Kendall et al. [13]
1 cc
3 cc
20 cc
Kendall et al. [15]
3 cc
Kendall and Leonard [18]
1 cc, young
20 cc, young
1 cc, old
20 cc, old
Kern et al. [43]
5 ml, young
5 ml, older
10 ml, young
10 ml, older
Kim et al. [20]
5 ml, young
10 ml, young
5 ml, older
10 ml, older
Kim et al. [40]
5 ml
10 ml
Lazarus et al. [47]
1 ml
3 ml
5 ml
Leonard and McKenzie [12]
20 cc, young
20 cc, older
20 cc, young (H1-B1)
20 cc, old (H1-B1)
Lof and Robbins [5]
2 ml
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Study key

UES opening
duration

11A
11B
11C
11D

4
4
4
4

12A
12B

4
4

13A
13B
13C
13D

Intervals
Laryngeal
closure duration

Hyoid
movement
duration

Stage
transition
duration

Pharyngeal
transit time

4
4
4
4

4
4
4
4

4
4
4
4

4
4
4
4

14A
14B
14C

4
4
4

4
4
4

4
4
4

15

4

4

4

4
4
4
4

4
4
4
4

16A
16B
16C
16D
17A
17B
17C
17D

4
4
4
4

18A
18B
18C
18D

4
4
4
4

19A
19B

4
4

20A
20B
20C

4
4
4

4
4
4

4
4
4

21A
21B
21C
21D
22

4
4
4
4
4

4

4

4

LC to UES
opening
duration
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Table 2 continued
Durations
Study key

Logemann et al. [31]
1 ml
5 ml
10 ml
20 ml
Logemann et al. [23]
1 ml
10 ml
young
older
Logemann et al. [22]
1 ml
10 ml
young
older
Martin-Harris et al. [29]
5 ml
Mendell and Logemann [21]
All boluses pooled
Mendell and Logemann [8]
20–29
40–49
60–69
70–79
80–89
Mokhlesi et al. [41]
3 ml
5 ml
Ohmae et al. [27]
1 ml
5 ml
Ohmae et al. [28]
5 ml
Palmer et al. [48]
straw sips
Park et al. [32]
5 ml
10 ml
Pauloski et al. [54]
1 ml
Stachler et al. [45]
3 ml
10 ml
Taniguchi et al. [39]
5 ml

UES opening
duration

23A
23B
23C
23D

Intervals
Laryngeal
closure duration

Hyoid
movement
duration

Stage
transition
duration

Pharyngeal
transit time

LC to UES
opening
duration

4
4
4
4

24A
24B
24C
24D

4
4
4
4

4
4
4
4

4
4
4
4

25A
25B
25C
25D

4
4
4
4

4
4
4
4

4
4
4
4

26
27

4
4

4

4

28A
28B
28C
28D
28E

4
4
4
4
4

29A
29B

4
4

4
4

30A
30B

4
4

4
4

4
4

31

4

4

4

32

35A
35B

4
4

4

33A
33B
34

4

4
4
4
4

4

4
4
4

4

4
4
4

36

4

The alphanumeric study code for each study/variable corresponds to data presented in Figs. 1, 2, 3, 4, 5, 6
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study information in Table 2. First, it is apparent that this
variable is distributed across a relatively small range of
mean values (i.e., 0.21–0.67 s). Further, the 95% CIs for
UES opening duration fall remarkably tight to the means,
showing very little spread in the data. Within the UES
opening duration data, it is interesting to note that every
study in which two or more bolus volumes were compared
demonstrated a systematic volume effect: an increase in
volume resulted in a corresponding increase in mean UES
opening duration (studies 2, 3, 4, 8, 9, 11, 12, 14, 17, 20,

Fig. 1 Means (in seconds) and
95% CIs for UES opening
duration as reported in the
reviewed literature.
Alphanumeric codes refer to
studies/variables in Table 2
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24, 25, 29, and 30). Additionally, a systematic age effect is
apparent within the UES opening duration data. Studies 17,
24, and 25 each included a comparison of data between
younger and older participant groups. In each of these
studies, UES opening durations were longer in the older
participants. Study 11 examined a factor of gender, without
evidence of any sex effect, while study 8 tested barium
density and reported longer durations with higher density
stimuli. These single studies do not allow us to draw any
conclusions regarding trends attributable to these factors.

S. M. Molfenter, C. M. Steele: Temporal Variability in Swallowing
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Fig. 2 Means (in seconds) and
95% CIs for laryngeal closure
duration as reported in the
reviewed literature.
Alphanumeric codes refer to
studies/variables in Table 2

Laryngeal Closure Duration (LCD)
Fourteen publications reported data for LCD. Compiled
results appear in Fig. 2, with corresponding study information in Table 2. Mean values for LCD ranged from 0.31
to 1.07 s. In comparison to the UES opening duration
parameter, the 95% CIs for LCD are wider and reflect
greater variability around each mean data point. Eight of
the ten studies that tested volume effects show apparent
support for the notion that LCD increases with increasing
bolus volume (1, 9, 20, 24, 25, 29, 30, and 33), while two
studies contain mixed results in this respect (8 and 23). The
contribution of participant age to variation in LCD was

tested in three studies and a trend toward increased LCD in
older participants was observed in all three (13, 24, and
25). Higher barium density appeared to contribute to longer
LCD but was reported only in study 8, rendering it
impossible to draw strong conclusions regarding the pervasiveness of this effect across the literature.
Hyoid Movement Duration (HMD)
Eight publications reported values for HMD. Compiled
results appear in Fig. 3, with corresponding study information in Table 2. Mean HMD values were spread across a
range from 0.79 to 1.39 s. Corresponding CIs appear
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Fig. 3 Means (in seconds) and
95% CIs for hyoid movement
duration as reported in the
reviewed literature.
Alphanumeric codes refer to
studies/variables in Table 2

similar in magnitude to those seen for LCD (and wider than
those seen for UES opening duration). Three of four studies
that tested the influence of bolus volume on HMD showed
that larger volumes were associated with longer durations
(2, 8, and 30). Partial support for this trend is also apparent
in study 10. Only study 13 tested the contribution of participant age to HMD, with no clear effect emerging for this
variable. Higher barium density resulted in longer HMD in
the single study examining this factor (study 8).
Intervals
Stage Transition Duration (STD)
STD is defined as the interval between the bolus entering the
pharynx (usually demarcated by the bolus passing the shadow of the ramus of the mandible) and the onset of upward
and forward hyoid excursion [5]. Fourteen studies reported
values for STD. Compiled results appear in Fig. 4, with
corresponding study information in Table 2. Mean STD
values ranged from –0.22 to 0.54 s. Not only do the mean
values have considerable variability across publications, but
the corresponding CIs also appear to be highly variable.
Seven of the 14 publications reporting this variable include
variations in bolus volume, but there appears to be no clear
pattern of this factor across studies. Some publications
reported longer STD values with larger volumes (2, 19, 35,
and 7 partially), while others showed shorter STDs with
larger volumes (14, 16, and 18). However, all four studies
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that included participant age as a factor in their analysis (13,
16, 18, and 21) showed a systematic trend of longer STD
values in older participants. In addition, study 6 showed
much higher mean values of STD and wider CIs when
swallows were uncued (noncommand swallow paradigm)
versus cued. Finally, of note, a subtle variation in STD
definition was noted across studies. The onset of STD
reported in 14, 15, 16, and 21C/D was defined as the bolus
passing the posterior nasal spine (rather than the shadow
of the ramus of the mandible). This variable is designated
‘‘B1-H1’’ by the authors. Thus, it would be logical to expect
slightly longer mean values in the STD data for these studies
compared to studies referencing STD to bolus movement
past the mandible; this expectation is generally consistent
with the data shown in Fig. 4.
Pharyngeal Transit Time (PTT)
PTT is defined as the interval between the bolus entering
the pharynx (usually demarcated by the bolus passing the
shadow of the ramus of the mandible) and the bolus tail
passing through the UES [5]. Thus, it overlaps with, but
extends the interval captured by the STD parameter.
Fourteen publications included measures of PTT in their
analysis. Compiled results appear in Fig. 5, with corresponding study information in Table 2. Mean PTT values
displayed a wide range from 0.35 to 1.19 s and considerable variability in CIs. As with the STD parameter, there
appears to be no clear influence of bolus volume on PTT.

S. M. Molfenter, C. M. Steele: Temporal Variability in Swallowing
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Fig. 4 Means (in seconds) and
95% CIs for stage transition
duration as reported in the
reviewed literature.
Alphanumeric codes refer to
studies/variables in Table 2

Some publications report longer PTT values with larger
volumes (2, 8, 10, and 20), others show shorter PTT with
larger boluses (11 and 14), while still others show no clear
trend (16 and 29). The influence of other factors on PTT
was explored in single publications only. Based on these
single studies, PTT values appear to be higher in older
individuals (study 16), in women (study 11), with higher
barium density (study 8), and in uncued swallow conditions
(study 6). However, single studies do not allow for strong
conclusions to be drawn regarding the contributions of
these factors. Finally, many discrepancies in naming conventions and operational definitions for PTT were noted
and are discussed further below.
Laryngeal Closure (LC)-to-UES Opening Interval
Nine studies reported the time interval between onset of LC
and UES opening. Compiled results appear in Fig. 6, with
corresponding study information in Table 2. Mean
LC-to-UES opening values display a strikingly tight range,
from –0.16 to 0.02 s, with limited variability seen in the

95% CIs. No apparent trends emerge for variation in
LC-to-UES opening interval based on bolus volume: This
interval decreased with increasing bolus size in studies 1,
25, and possibly 29, while it increased with increasing
bolus size in study 24. This interval does appear to
decrease with increasing age (24, 25, and 28), although it is
probably questionable to comment on apparent trends
given such a narrow distribution of means. Finally, in study
1, cold temperature appeared to shorten this interval but
was included only in this single study.
Aggregate Measures
Given that all six of these frequently occurring parameters
are measured in a common unit (seconds), it is possible to
examine the degree of variability present across the measures themselves and to characterize these parameters in
terms of their relative variability. Table 3 compares the
aggregate ranges found for mean values (maximum minus
minimum mean values reported across studies) and 95% CI
widths (maximum upper CI limit minus minimum lower CI
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Fig. 5 Means (in seconds) and
95% CIs for pharyngeal transit
time as reported in the reviewed
literature. Alphanumeric codes
refer to studies/variables in
Table 2

limit computed across studies) in our meta-analysis.
Table 3 summarizes this comparison exercise and also
summarizes the extent to which the meta-analysis of each
parameter revealed systematic trends attributable to factors
of bolus volume and participant age. Based on this review,
it can be seen that the LC-to-UES opening interval displays, relatively speaking, the smallest mean range and
tightest 95% CIs of the six measures reviewed. UES
opening duration comes next, with a slightly larger mean
range and 95% CI range. The values seen for the HMD
parameter falls in the middle, displaying what might be
interpreted as a typical degree of variability across these
timing measures, both for mean range and for 95% CI
width. By contrast, the STD, PTT, and LCD measures
show large mean ranges and the widest 95% CI.

Discussion
This meta-analysis compiles data for the three most-frequently reported durations and the three most-frequently
reported swallow intervals from the existing literature
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describing healthy swallowing. Means and CIs were plotted on modified forest plots, with scales held constant to
allow for relative inspection of variability across variables.
Taken together, it is apparent that not all variables behave
similarly with respect to variability, despite being sampled
from healthy individuals. Table 3 summarizes the impressions of relative variability gleaned from the inspection of
the modified forest plots in Figs. 1, 2, 3, 4, 5, 6. Of course,
it is possible that factors other than those that were directly
tested in the original publications might account for some
of the variability seen in these data. Here we discuss several of these potential sources of variability.
Definitional Sources of Variability
Methodological differences across studies may account for
a portion of the variability that is seen in these data. One
clear opportunity for such variability to occur arises when
different operational definitions are used for specific temporal parameters across studies. To illustrate, consider the
challenge of defining hyoid movement duration. It has been
pointed out that the hyoid is not stable when it is in a

S. M. Molfenter, C. M. Steele: Temporal Variability in Swallowing
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Fig. 6 Means (in seconds) and
95% CIs for laryngeal closure to
UES opening duration as
reported in the reviewed
literature. Alphanumeric codes
refer to studies/variables in
Table 2

Table 3 Aggregate mean and 95% CI ranges for all variables with
corresponding volume and age effects
Parameter

Aggregate
mean rangea
(s)

Aggregate
Volume Age
95%
effect? effect?
CI widthb (s)

UES opening
duration

0.46

0.52

Yes

Yes

LCD

0.76

1.04

Yes

Maybe

HMD

0.60

0.96

Maybe

No

STD

0.76

1.04

No

Yes

PTT

0.84

1.07

No

Maybe

LC-to-UES opening 0.18

0.36

No

Maybe

a

Calculated by subtracting the minimum reported mean value from
the maximum reported mean value across the studies reviewed

b

Calculated by subtracting the minimum value for the 95% CI lower
boundary from the maximum value for the 95% CI upper boundary
across the studies reviewed

resting state [55, 56], making it challenging to define the
onset and offset of hyoid movement, and leading to the
possibility that even subtle differences in the definitions
used for these indices may cause differences in the results
of measures made in different studies. In fact, Kendall et al.
[13] report that the postswallow hyoid position has such

large SDs in their data that they have decided not to routinely include this parameter in their standardized methods
for analyzing VF exams.
An associated source of variability may be related to
challenges in reliable measurement of the durations that are
being investigated. Agreement across raters is important
not only for calculating durational measures but in selecting the frames that are used to index such measures. Difficulties in achieving adequate interrater and intrarater
reliabilities for temporal measures on VF have been
reported [57, 58]. In this meta-analysis, only 23 of the 46
studies reviewed reported interrater reliability, and even
fewer reported intrarater reliability (16 of 46). If acceptable
levels of both inter- and intrarater reliability are not
established, the contributions of variable measurement by
raters cannot be considered or accounted for.
The criteria by which participants are selected for
inclusion may also be a methodological source of variability. The definition of ‘‘healthy’’ participants can be
different for different research groups. For example, in most
of the studies reviewed, ‘‘healthy’’ was undefined and could
include anyone without a history of structural changes to
the head and neck and/or neurological impairment and/or
dysphagia. Sometimes, the source of ‘‘healthy’’ control
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participants may be fundamentally different from that for
control participants in another publication. For example,
Stachler et al. [45] use a control group of heavy smokers and
drinkers to compare to their head and neck surgical patients.
It is unclear to what extent these definitional issues may
contribute to the variability present in this meta-analysis.
Stimulus Sources of Variability
Bolus volume emerged from this meta-analysis as a factor
that influences several timing measures (see Table 3). In
particular, it appears that swallow durations are impacted
by bolus volume, while swallow intervals are not. UES
opening duration was highly influenced by differences in
bolus volume, while laryngeal closure duration and hyoid
movement duration appeared to be only moderately sensitive to this factor (see Figs. 1, 2, 3).
The density of the stimulus may also be a source of
variability in timing measures, as suggested in the single
study (8) that examined this factor. However, while the
higher-density barium preparation (250% w/v compared
with 40% w/v) in that study elicited longer timing measures for all four variables included in that study (UES
opening duration, LCD, HMD, and PTT), it must also be
recognized that we do not have information on intermediate densities that would be necessary to clearly elucidate
the effect of density on swallowing timing. Furthermore, it
should be noted that only 14 of the 46 studies examined in
this review reported the density of the barium used, with
values ranging from 35 to 250% w/v. There is a need for
clear reporting of methodological decisions like barium
density in order to demonstrate the variability attributable
to this factor and to inform the field regarding the potential
for manipulations of this factor to reveal clinically
important variations in swallowing function.
Participant Sources of Variability
Our meta-analysis suggests that participant age is one
source of variability in swallow timing parameters. Among
the parameters reviewed, UES opening duration and STD
both showed systematic trends towards longer durations in
older participants. By contrast, hyoid movement durations
appeared to be robust and invariant across age. Other
participant factors that may be considered sources of variability include differences in patient size, such as differences in spine length, which has been explored as a source
of kinematic variation but has not, to date, been considered
with respect to temporal measures [22, 23, 59, 60]. Variations in pharyngeal size might also be logically considered
as a potential source of variability in PTT, given that
this measure captures the time for the bolus to travel
through the pharynx. Future work should examine whether
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participant size can account for some of the variability
observed in swallowing durations and intervals.
Procedural Sources of Variability
In 2007, Daniels et al. [37] published their groundbreaking
study on the effect of verbal cueing on temporal measures
of swallowing. They demonstrated that uncued swallows
were initiated with the bolus head at a more posterior
location in the oropharynx, thus resulting in longer temporal measures. In that study, STD and PTT measures for
the uncued condition had both longer durations and wider
CIs compared to values from other studies and for other
variables (see 6B on Figs. 5, 6). Most of the studies
included in the current meta-analysis were conducted
before the Daniels et al. work was published and therefore
do not report transparent information regarding the use of
cueing. Future work should not only describe whether a
cueing paradigm was used but also test its effect on kinematic and other temporal measures of swallowing.
Another potential source of procedural variability is
related to the parameters of the fluoroscopy output, such as
the frames per second (fps) capture rate. This parameter
stipulates how many samples are extracted per second from
the continuous fluoroscopy. The majority of studies
(n = 35) reviewed reported using 25 fps or greater; however, the remaining 11 studies do not specify their frame
rate. Bonilha et al. [61] have recently shown differences in
ratings of standardized videofluoroscopic swallowing study
measures of residue, overall impression (a physiological
composite score), and penetration–aspiration scale when a
simulated 15-fps condition was compared to the full 30-fps
condition. The effect of frame rate on temporal measures of
swallowing is unknown; however, one might speculate that
higher rates of variability may be observed in lower-fps
conditions due to the fact that less information is captured
during the swallow.
Individual Sources of Variability
Finally, as has been proposed before [4], when all other
sources of variability are accounted for, it is highly plausible that each individual participant displays some level of
underlying variability in both kinematic and temporal
measures of swallowing, across repeated swallows and
repeated VF examinations. Within this context, not all
variables are likely to fluctuate to the same degree.
Rosenbek et al. [1] suggest that the challenge of underlying
variability for clinicians is ‘‘in deciding how many swallows to elicit and how to interpret performance on what is
perforce a limited number of swallows.’’ We feel that
underlying individual variability will be observable only in
a controlled and standardized assessment paradigm that
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employs multiple swallows per bolus condition [46, 47].
Martin-Harris et al. [2] have shown that 5-ml thin-liquid
and 5-ml nectar-thick swallows are highly sensitive to
physiological measures of swallowing impairment. While
this observation needs replication for temporal measures of
swallowing, we advocate for the use of multiple trials of
thin-liquid barium and nectar-thick barium (at controlled
densities) during standardized VF assessment.
In clinical settings, it is routinely recommended that a
VF include the administration of three swallows per bolus
condition as a minimum for capturing individual variability
while balancing radiation exposure [5]. However, 13 of the
studies reviewed in this analysis reported data derived from
only a single swallow per bolus condition. Under these
circumstances, variability may be present but its influence
unrecognized, given that the single observed swallow may
not be representative of a typical swallow for that participant. In the case where multiple swallows are administered,
the statistical handling of repeated measures can also
impact the appreciation of variability. While the majority
of studies with more than one swallow per condition
averaged the repeated measure, some studies weighted
each swallow equally in the analysis [22, 23, 59]. The
appropriate handling of repeated measures is well recognized in the literature to influence the impression of variability in a resulting statistic [62, 63].
Limitations
An important caveat to note regarding this review of the
deglutition literature is that we observed a startling number
of inconsistencies in the naming conventions and definitions of different temporal variables. For example, the
interval between the bolus head entering the pharynx and
the bolus tail passing through the UES is most commonly
referred to as ‘‘pharyngeal transit time’’ [21, 37, 39, 41],
but it has also been called ‘‘pharyngeal transit duration’’
[5], ‘‘pharyngeal clearance duration’’ [42], and ‘‘pharyngeal clearance time’’ [53]. Similarly, ‘‘stage transition
duration’’ was sometimes referred to as the ‘‘pharynx-toswallow interval’’ [45, 48].
To make matters more complex, we also observed subtle
variations in operational definitions of variables, making
the comparison of data across studies challenging. For
example, the majority of research describes PTT as the
interval between the bolus head passing the shadow of the
ramus of the mandible and the tail of the bolus passing
through the UES. However, it has also been defined by
some as commencing when the bolus head or tail passes the
faucial pillars [34, 39, 51, 64] or the posterior nasal spine
[13, 15]. This same variable has also been defined as
concluding when the bolus head reaches the UES [42] as
opposed to when the bolus tail passes through the UES.
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Langmore [65] has also discussed these challenges and
pointed out that the discrepancies for this particular variable appear to stem from changing historical definitions of
the boundary between the oral and pharyngeal phases.
Similar subtle differences in operational definitions were
noted in the literature for measures of oral transit, pharyngeal response time, STD, and onset of hyoid excursion,
among others. As has been previously pointed out by
Mendell and Logemann [8], some of these disparities can
be attributed to different research groups choosing to timereference swallowing data to different physiological events
(such as bolus passing mandible, initial upward/forward
movement of the hyoid, or UES opening). We concur with
this observation given that very few discrepancies in
naming conventions or operational definitions were noted
for swallowing durations (which do not require a reference
point) compared to swallow intervals. The only exception
appeared to be for hyoid movement duration, which was
also referred to as ‘‘pharyngeal response duration’’ [42] and
‘‘swallow duration’’ [48]. However, it is reasonable to
postulate that wherever such variations in terminology and
definition occur, they are likely to contribute to differences
in reported mean values, but they should not contribute
directly to trends in standard deviations and data spread.
This meta-analysis was limited to studies that reported
temporal data in healthy adults in a way that allowed us to
reconstruct means and confidence intervals. There were
many publications that lacked the necessary quantitative
information for inclusion. Furthermore, analysis of the
influence of specific factors on temporal variability was
limited to those variables analyzed and reported in the
original publication.

Conclusions
We have compiled descriptive statistical data for the mostfrequently occurring temporal variables in the healthy
deglutition literature, allowing for an aggregate impression
of variability in such measures to be formed. Differences in
naming conventions and operational definitions were
noted, especially for swallow interval measures. The three
most commonly occurring measures of swallowing durations were UES opening, laryngeal closure, and hyoid
movement. The three most commonly occurring measures
of swallow intervals were stage transition duration, pharyngeal transit time, and laryngeal closure to UES opening.
A meta-analysis of these six variables using modified forest
plots has revealed that there is substantial variability in
temporal measures of healthy swallowing and that not all
variables fluctuate in the same way or to the same degree.
Some variables demonstrated tight means and confidence
intervals (laryngeal closure-to-UES opening interval and
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UES opening duration). Other variables appeared to be
influenced by bolus volume (UES opening duration and
laryngeal closure duration) or participant age (UES opening duration and stage transition duration).
We have discussed several factors that may account for
a portion of the observed variability in these studies. We
also propose that inherent variability in swallowing function may still exist when all these variables are controlled
for. Future work should examine within-participant and
across-participant variability while controlling methodological, definitional, stimulus, participant, procedural, and
statistical sources of variability in both healthy individuals
and different subgroups of people with dysphagia.
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