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image is acquired. Frame rate refers to the number of stored 
images per second. In many modern fluoroscopes a setting 
of continuous equates to 30 pulses per second (PPS), and the 
frame rate is typically set to match the pulse rate for opti-
mum viewing quality. When pulse rate is lowered and frame 
rate is maintained at 30 frames per second (FPS), the result 
is a reduction in unique images based on the pulse rate. For 
example, if 15 PPS are recorded at 30 FPS, the video will 
contain 30 FPS with 15 unique images each repeated twice.

For evaluation of swallowing, Steele [1] and Martin-
Harris and colleagues [2] maintain that 30 unique images 
per second is the optimal temporal resolution, which means 
that data is acquired at 30 frames and 30 pulses per sec-
ond. Yet, across the Unites States, VFSS is performed using 
pulse rates ranging from four to 30 pulses per second [1, 3]. 
While this manuscript is not meant to serve as a tutorial on 
radiographic terminology, it is helpful to understand that by 

Introduction

Oropharyngeal swallowing disorders are often assessed 
via videofluoroscopic evaluation of swallowing (VFSS), a 
procedure that employs ionizing radiation. Current digital 
technology supports various acquisition factors, specifi-
cally frame rate and pulse rate. Pulse rate, or fluoroscopy 
rate, refers to the number of x-ray beams being adminis-
tered per second. Each time the x-ray beam is pulsed an 
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Abstract
This investigation assessed the impact of temporal resolution during a videofluoroscopic evaluation of swallowing (VFSS) 
on measures of duration and kinematics. Thirty adult and ten infant swallow studies, all acquired at 30 frames and 30 
pulses per second, were obtained from a New Mexico hospital. All swallow studies were altered to simulate 15 and 5 
pulses per second. Duration measures included pharyngeal response time, duration of upper esophageal sphincter (UES) 
opening, velopharyngeal closure duration and total swallow duration. Kinematic measures were assessed in adults only 
and included peak hyoid position and extent of UES opening during the swallow. Analysis of outcome measures was 
performed and compared across the three temporal resolutions (30, 15, and 5 pulses per second). For data points where 
normative values are available, we evaluated the impact of temporal resolution on clinical determination (i.e., did a 
change in pulse rate alter the clinical classification). Kinematic and duration measures were altered with changes in pulse 
rate and these changes increased as temporal resolution decreased. For outcome measures where normative values are 
available, accuracy of clinical determination decreased with decreased pulse rate. Temporal resolution impacts duration 
and kinematic measures. However, the direction of these changes is unpredictable, indicating sensitivity and specificity 
are both affected. Without a predictable impact, the use of lower pulse rates may alter clinical impressions and treatment 
recommendations yielding inappropriate treatment goals and treatment duration.
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reducing frame rate (number of stored images per second) or 
pulse rate (the number of unique fluoroscopic images), you 
are reducing the temporal resolution of the study. Although 
high resolution may improve our understanding of the swal-
low physiology, higher resolution comes with greater radia-
tion exposure.

Figure 1 visually highlights the challenge of assessing 
swallow function using VFSS. In brief, the radiation dose 
associated with an exam is related to pulse rate and study 
duration. While there are other notable variables that link to 
radiation exposure (e.g., tissue density), this paper focuses 
on a variable that is under the control of the practitioner—
pulse rate. The risk of cancer, although relatively low [4], 
increases as radiation exposure increases [5], particularly 
in the thyroid gland [6], and radiation absorption is greater 
in pediatric patients [7, 8]. Standardized study procedures, 

such as the MBSImP, may help to reduce study duration 
thereby lowering radiation exposure. However, currently 
there are no data evaluating changes in radiation exposure 
for pediatric patients when a validated standardized pro-
tocol is followed [6]. The concept of ALARA, or As Low 
as Reasonably Achievable [9], explains that any procedure 
involving ionizing radiation must keep exposure as low as 
possible while still achieving the task at hand. To justify a 
procedure, its benefit must exceed the risk of the radiation 
exposure itself. A typical response to protect patients is to 
lower the radiation exposure. To do this, one can reduce the 
total duration of the videofluoroscopic exam and/or reduce 
the pulse rate. While a lower acquisition rate yields a lower 
radiation dose, it also reduces the temporal resolution, 
thereby sacrificing some of the details which may be neces-
sary to determine diagnoses and dictate treatment decisions.

Fig. 1 A schematic representation of the challenge of balancing radiation exposure with adequate resolution to support clinical excellence
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Bonilha and colleagues [10] illustrated the clinical con-
sequences of reduced pulse rate by noting changes in six of 
the 17 MBSImP scores across five different patients, which 
ultimately altered treatment recommendations. Although 
there are multiple variables that may influence interpreta-
tion of videofluoroscopic swallow studies, this investigation 
is focused on timing (duration) and movement (kinemat-
ics). Reductions in temporal resolution (i.e., data acquisi-
tion rate) may impact the interpretation of the assessment by 
altering our ability to obtain accurate measures of the timing 
of swallow events, such as the bolus entering the pharynx, 
swallow initiation, the bolus entering the upper esophageal 
sphincter, or pharyngeal transit time, and the kinematic 
actions associated with the swallow, such as maximal height 
of hyo-laryngeal elevation and extent of UES opening [10, 
11].

The purpose of this investigation was to increase or rein-
force our current knowledge of the balance between reduc-
ing radiation exposure by lowering the pulse rate while 
maintaining a high diagnostic yield across the age range 
of individuals with feeding and swallowing disorders. The 
first aim was to evaluate the impact of lower pulse rates on 
(a) measures of swallow duration in adult and infant swal-
low studies, and (b) kinematic measures in adults. This was 
accomplished by using swallow studies acquired using 30 
frames/pulses per second as a standard and comparing mea-
sures from two lower pulse rates —15 pulses per second and 
5 pulses per second. The second aim was to assess if lower 
pulse rates altered the clinical interpretation of a given mea-
sure. Specifically, using available normative data, we evalu-
ated if clinical determination (i.e., within normal limits or 
outside normal limits) changed as a function of pulse rate.

Methods

Experiment 1: Impact of Pulse Rate on Duration and 
Kinematic Measures in Adult Swallow Studies

Participants

In this retrospective within-subject design, we used VFSS 
data from 30 adults who were referred for an instrumental 
swallow evaluation due to a suspected swallowing prob-
lem. With a goal to portray generalizable variation in swal-
lowing severity, we selected swallow studies from patients 
with varied complexity of oral intake. That is, we selected 
six studies each from individuals across five diet catego-
ries (Table 1). These participant criteria were used only in 
the identification of swallow studies to be included in this 
investigation. They were not used to cluster data analysis. 
Inclusion criteria was (1) that VFSS was originally recorded 
and stored at 30 FPS and PPS and (2) the VFSS included at 
least one 5 mL thin liquid swallow (IDDSI level 1), and one 
5 mL extremely thick/pureed bolus swallow (IDDSI level 
4).

Data collection

All swallow studies were imported into TIMS Medical 
Review Software for viewing. As the key concern is the 
difference in interpretation across pulse rates and not the 
actual interpretation, some typical aspects of videofluoro-
scopic analysis were eliminated in this evaluation of impact 
on duration and kinematic data. As is typical, duration and 
kinematic measures were extracted from individual swal-
lows. Two specific bolus swallows were selected from each 
swallow study–5 mL thin liquid (IDDSI Level 1) and a 
spoonful of pudding or puree (IDDSI Level 4). These were 
chosen to provide an opportunity to observe the impact of 
changes in pulse rate on the swallow physiology across a 
range of viscosities while maintaining consistency across 
studies. In all selected views, the patient was seated in a 
lateral position, with no purposeful compensatory strategies 
implemented.

Studies were imported into FIJI software, a freely avail-
able image analysis software [12], and all 30 PPS videos 
were digitally resampled to simulate 15 and 5 pulses per 
second. To simulate a consistent frame rate and vary pulse 
rate, deleted frames were replaced with duplicates of prior 
images, thus eliminating unique images. The result was a 
total of two lower pulse rates to be evaluated and compared 
to the 30 PPS condition: 15 and 5 PPS.

Table 1 Participant demographics
Diet Age Range 

(mean)
Males 
(n)

Females 
(n)

ADULT
(years)

NPO 51–88
(69)

4 2

Pureed 58–88
(77)

5 1

Minced & 
moist

63–93
(83)

2 4

Soft & 
bite-sized

53–87
(76)

4 2

Regular diet 58–77
(67)

2 4

INFANT 
(month:day)

Partial to 
total oral 
intake

2:13 − 12:13
(7:13)

4 1

NPO 0:6–8:6
(4:6)

2 3
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onset (SO). These time points were then used to calculate 
swallow durations. See Table 2 for formulas.

Kinematic measures included peak hyoid position (PHP) 
and the extent of UES opening (UESOE) associated with a 
swallow. Like Steele et al. [13], peak hyoid position (i.e., 
x-y coordinates) and extent of UES opening associated with 
the swallow were measured using a distance relative to the 
length and angle from the top (i.e., anterior-inferior corner) 
of C2 to the top (i.e., anterior-inferior corner) of C4. Mea-
sures are reported as a percent of the C2-C4 reference scaler.

Data analysis

Measures were completed using an iterative process. After 
extraction of measures from five participants for adults and 
two participants for infants, measures from two raters were 
compared. When differences occurred, these were reviewed 
until consensus was achieved. Consensus discussions 
resulted in refinement of rules for identification of time 
point measures.

Descriptive analysis, nonparametric statistical analy-
sis, effect size, and clinical interpretation were performed 
on this data set. For each outcome measure, within a given 
subject, the 30 pulse condition was used as the standard for 
comparison. For descriptive analysis, two difference scores 
were calculated. Using 30 PPS as the benchmark for each 
outcome measure, 15 and 5 PPS were compared by calcu-
lating a difference between the data obtained from 30 PPS 
and each lower pulse rate. Across participants, there was 
no predictable trend in changes in duration (i.e., becoming 
longer or shorter with changes in pulse rate). Therefore, 
for descriptive and statistical analysis, absolute value was 
employed.

To compare differences from the measure obtained in the 
30-pulse condition to the data obtained from the two lower 
pulse rate conditions, statistical analysis was performed 
using a Friedman test for analysis of repeated-measures 
which rank orders variables for a given participant with a 
0.05 p value cut-off for significance. Post hoc pairwise com-
parisons were performed for statistically significant mea-
sures using a Wilcoxon Signed Ranks test.

For outcome measures where normative data are avail-
able, we evaluated if changes in temporal resolution (i.e., 
lower pulse rate) altered clinical interpretation. For adult 
videos, normative data were extracted from Steele et al. 
[13]. Data obtained from the 30 PPS condition were divided 
into those that were within normal limits (i.e., defined as 
within the 95th percent confidence interval for adult studies 
(95CI)) and those that were impaired (i.e., outside the 95CI). 
Agreement was assessed between the clinical determination 
obtained from the 30 PPS condition and the lower pulse rate 
conditions. Accuracy of agreement, which was calculated 

Outcome measures

For this investigation we selected commonly used measures 
based on literature review. A summary of outcome measures 
is listed in Table 2. Swallow duration was assessed by mea-
suring swallow reaction time (SRT) (aka, pharyngeal delay 
time), pharyngeal response time (PRT), and UES open dura-
tion (UESOD). These measures were calculated using the 
procedures described by Steele and colleagues [13]. Briefly, 
duration measures were calculated using the following time 
points–bolus passing the mandible (BPM), onset of hyoid 
burst (HYB), upper esophageal sphincter opening (UESO), 
upper esophageal sphincter closure (UESC), and swallow 

Table 2 Outcome measures used in this investigation. Duration mea-
sures include formula for calculation
Outcome 
Measure

Population Defined Source and 
formulaAdult Infant

Duration Measures
Swallow 
reaction 
time 
(SRT)

X Duration from 
bolus at ramus of 
mandible to hyoid 
burst associated 
with swallow

Steele et al., 
2019
HYB-
BPM = SRT

Pha-
ryngeal 
response 
time 
(PRT)

X Duration from 
hyoid burst until 
UES opening

Steele et al., 
2019
UESO-
HYB = PRT

UES open 
duration 
(UESOD)

X X Duration from onset 
of UES open until 
UES closure contact

Steele et al., 
2019
UESC-
UESO = UESOD

Total 
swallow 
duration
(TSD)

X Downward thrust of 
mandible associated 
with expression (or 
attempted expres-
sion; aka, suck 
time) from nipple 
to the bolus tail 
through the UES

Dharmarathna et 
al., 2020
UESC-SO = TSD

Velopha-
ryngeal 
closure 
duration 
(VPCD)

X Duration of contact 
of the velum to the 
posterior pharyngeal 
wall associates with 
swallow

Dharmarathna et 
al., 2020
VCoff-
VCon = VPCD

Kinematic Measures
Peak 
hyoid 
position 
(PHP)

X The x-y coordinate 
of hyoid at peak 
using the patient’s 
spine angle between 
C2-C4 to define the 
y axis

Steele et al., 
2019

UES open 
extent

X Percent of C2-C4 
distance

Steele et al., 
2019

HYB = onset of hyoid burst, BPM = bolus passing the mandible, 
UESO = onset of UES opening, UESC = UES closure, SO = swal-
low onset, VCon = onset of velopharyngeal contact, VCoff = offset of 
velopharyngeal contact
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Data analysis

Data and statistical analysis for experiment two mirrored the 
procedures employed in experiment one with one exception. 
Duration measures obtained from infant swallow studies 
were not compared to a normative database to assess impact 
of pulse rate on clinical determination. For infant studies, 
comparison of data to normative values is difficult given 
that available data sets are from infants who were referred 
for a swallow study due to feeding or swallowing concerns. 
See for example, Dharmarathna et al. [15] and Henderson et 
al. [16]. In this investigation, for infant videos we compared 
our data to the data available from this literature.

Reliability

Intra-rater reliability was performed on 10% of measures. 
Given the differing number of unique images across the pulse 
rate conditions, agreement was considered acceptable when 
a point was within a specified number of unique images. For 
the 30-pulse rate condition, we defined agreement as a range 
of plus or minus ten unique images. We narrowed it down to 
plus or minus five unique images for the 15-pulse rate con-
dition, and further reduced it to plus or minus two unique 
images for the 5-pulse rate condition. Intra-rater agreement 
occurred with greater than 90% accuracy.

Inter-rater reliability was performed on all data points 
and was assessed by comparing the measures from two 
independent raters where at least one rater had more than 
25 years of clinical experience. The intraclass correlation 
coefficient for the study variables was determined to be 0.93 
(95% CI: 0.88, 0.96), indicating high reliability and a statis-
tically significant association (p < 0.001). Although studies 
were reviewed in a random order and raters were blinded to 
the pulse rate condition, due to the differences in swallow 
detail, it was not hard for reviewers to determine the pulse 
rate while reviewing the video clips. When disagreement 
occurred, two raters reviewed the data points until consen-
sus was achieved. The agreed upon data points were used in 
the data analysis.

Power Analysis

A power analysis was performed to assess if the number 
of samples used in these experiments were sufficient to 
test the hypothesis. For experiment one, post-hoc analysis 
revealed that power equals 0.84 given a sample of 30 and 
an assumed level of significance of 0.05, with a small effect 
size (0.25) and three measurement conditions per partici-
pant. For experiment two, post hoc analysis revealed power 
equal to 0.89 given a sample of 10 and an assumed level of 

using the formula (TP + TN)/(TP + FN + FP + TN) where 
TP = true positive, TN = true negative, FP = false positive, 
FN = False negative, was calculated for 15 and 5 PPS when 
compared to the 30 PPS condition.

Experiment 2: Impact of Pulse Rate on Duration 
Measures in Infant Swallow Studies

Participants

Videofluoroscopic studies obtained from ten infants who 
were referred for an instrumental swallow evaluation due 
to feeding and/or swallowing problems were used in this 
investigation (Table 1). These studies were extracted from a 
publicly available repository of swallow studies [14]. With a 
goal to portray generalizable variation in feeding and swal-
lowing severity, we selected five studies from infants who 
were NPO and being assessed for oral intake readiness and 
five studies from infants who had some degree of oral intake 
experience. Similar to experiment one, these participant cri-
teria were used only in the identification of swallow studies 
to be included in this investigation and not for data analy-
sis. Inclusion criteria was (1) that the VFSS was originally 
recorded and stored at 30 FPS and PPS and (2) the VFSS 
included at least one clearly visualized 10 s clip of bottle 
feeding.

Data collection

All swallow studies were imported into TIMS Medical 
Review Software for viewing. A ten second clip was chosen 
where there was limited movement artifact and consistent 
attempts at sucking from the bottle. Like experiment one, 
clips were imported into FIJI software, and digitally resa-
mpled to simulate 15 and 5 PPS.

Outcome measures

Swallow duration was assessed by measuring duration of 
velar contact associated with the swallow (VCD), UES 
open duration (UESOD), and total swallow duration (TSD). 
These measures were calculated using the procedures 
described by Dharmarathna and colleagues [15]. Briefly, 
duration measures were calculated using the following 
time points—downward mandibular thrust associated with 
expression from the bottle, onset of velum to pharyngeal 
wall (VPon), offset of velum from pharyngeal wall (VPoff), 
onset of upper esophageal sphincter opening (UESO), and 
upper esophageal sphincter closure (UESC) (Table 2).

1 3
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Swallow reaction time (SRT)

On average, measures of swallow reaction time were altered 
as a function of pulse rate in both thin and puree consistency 
swallows (Fig. 2). Using a Wilcoxon signed rank test for 
both IDDSI-1 and IDDSI-4 boluses, SRT was statistically 
different across pulse rates for both thin and pureed consis-
tency in three of the four pairwise comparisons (IDDSI-1: 
z = 2.4, p = 0.02, r = 0.5, for 15 PPS compared to 30, and 
z = 1.3, p = 0.19, and r = 0.3 for 5 PPS compared to 30; 
IDDSI-4: z = 2.5, p = 0.01, r = 0.5 for 15 PPS compared 
to 30, and z = 2.8, p < 0.01, r = 0.5 for 5 PPS compared to 
30). Figure 5 shows an increased distance from the 30 PPS 
measure (reflected as the zero line in Fig. 5) with decreased 
pulse rate. This occurred in both the negative (shorter reac-
tion time measured) and positive (longer reaction time mea-
sured) directions.

Guided by normative data from Steele et al. [13], we 
assessed the impact of pulse rate on clinical classification. 
Across the 29 thin liquid adult video clips in the 30 PPS 
condition, six were within the 95CI and 23 fell outside that 
window. When the data from the 30 PPS condition is com-
pared to the 15 PPS condition, of the six that were within 
the 95CI in the 30 PPS condition, five retained their clini-
cal determination (identified as agreement in Fig. 6) and 
one moved outside the 95CI (identified as change in Fig. 6) 
(Fig. 6a). In the 5 PPS condition, all six videos that were 
judged to be within the 95CI during the 30 PPS condition 
were judged to be outside the 95CI. For the 23 videos that 
were outside the 95CI in the 30 PPS condition, 20 of the 23 

significance of 0.05, with a moderate effect size (0.5) and 
three measurement conditions per participant.

Effect size was calculated to estimate the strength rela-
tionship between pairwise comparisons. Given that the data 
is non-parametric, effect size (r) was estimated from z val-
ues by dividing z by the square root of n [17].

Results

Of the 70 swallow video clips (one thin and one puree swal-
low from 30 adult participants and 10 s segments of sucking 
from 10 infant participants), one adult study was removed 
from the data analysis due to suboptimal image quality. The 
average difference for duration and kinematic measures 
obtained in the 15 and 5 PPS condition compared to data 
obtained in the 30 PPS condition are displayed in Figs. 2, 3 
and 4. Direction of changes (i.e., did durations get larger or 
smaller) are displayed for each duration measure in Fig. 5.

Impact of Pulse Rate on Duration in Adult Studies

A Friedman test was conducted to determine whether dura-
tion measures differed across pulse rates and showed a 
significant difference (chi square (8) = 187; p < 0.001). Pair-
wise analyses are presented below to determine the specific 
duration measures and pairs where statistical differences 
occurred.

Fig. 2 Average differences 
(expressed in absolute value) in 
duration measures for 15 and 
5 PPS compared to 30 PPS for 
adults for swallow reaction time, 
pharyngeal response time, and 
upper esophageal sphincter open-
ing duration
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Fig. 4 Average differences 
(expressed in absolute value) in 
duration measures for 15 and 
5 PPS compared to 30 PPS for 
infants for total swallow duration, 
velopharyngeal closure duration, 
and upper esophageal sphincter 
open duration

 

Fig. 3 Average differences 
(expressed in absolute value) in 
kinematic measures for 15 and 
5 PPS compared to 30 PPS for 
adults for peak hyoid position, 
and upper esophageal sphincter 
open extent
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the 15 PPS condition had an accuracy rate of 72%; the 5 
PPS condition had an accuracy rate of 76% (Table 3).

UES open duration

UESOD is statistically different when comparing 30 PPS to 
5 PPS for thin consistency only (IDDSI-1: z = 0.2, p = 0.9 
a, r < 0.1 for 15 PPS compared to 30, and z = 2.0, p = 0.04, 
r = 0.4, for 5 PPS compared to 30; IDDSI-4: z = 0.1, p = 0.9, 
r < 0.1 for 15 PPS compared to 30 and z = 1.0, p = 0.3, 
r = 0.2, for 5 PPS compared to 30). All other pairwise com-
parisons were insignificant.

Across the 29 adult thin liquid video clips in the 30 PPS 
condition, using the normative data from Steele et al. [13], 
six were within 95CI and 23 fell outside that window. Of 
the six that were within the 95CI in the 30 PPS condition, 
when compared to measures obtained in the 15 PPS con-
dition, four retained their clinical determination and two 
moved outside the 95CI (Fig. 6c). In the 5 PPS condition, 
all six videos that were judged to be within the 95CI during 
the 30 PPS condition, were judged to be outside the 95CI. 
For the 23 videos that were outside the 95CI in the 30 PPS 
condition, 21 retained that determination in both the 15 PPS 
condition and 5 PPS condition. Using contingency data to 
assess accuracy, the 15 PPS condition had an accuracy rate 
of 79%; the 5 PPS condition had an accuracy rate of 76% 
(Table 3).

retained that determination in both the 15 and 5 PPS con-
dition. Accuracy of clinical determination was 86% for 15 
PPS and 69% for 5 PPS (Table 3).

Pharyngeal response time

PRT was statistically different for thin consistency when 
comparing 15 to 30 PPS, but not when comparing 5 to 30 
PPS, and it was not significantly different for puree con-
sistency (IDDSI-1: z = 2.6, p = 0.01, r = 0.5 for 15 PPS 
compared to 30, and z = 1.0, p = 0.32, r = 0.2 for 5 PPS 
compared to 30; IDDSI-4: z = 1.7 and, p = 0.1, r = 0.3 for 15 
PPS compared to 30, and z = 1.2, p < 0.23, r = 0.2, for 5 PPS 
compared to 30).

Across the 29 adult thin liquid swallow video clips in the 
30 PPS condition, using the normative data from Steele et 
al. [13], seven were within the 95CI and 22 fell outside that 
window. Of the seven that were within the 95CI in the 30 
PPS condition, when compared to the results from the 15 
PPS condition, four retained their clinical determination and 
three moved outside the 95CI (Fig. 6b). In the 5 PPS condi-
tion all seven videos that were judged to be within the 95CI 
during the 30PPS condition were judged to be outside the 
95CI. For the 22 videos that were outside the 95CI in the 30 
FPS/PPS condition, 17 retained that determination in the 15 
PPS condition and all 22 retained that determination in the 
5 PPS condition. Using contingency data to assess accuracy, 

Fig. 5 Direction of differences (in 
ms) for 15 and 5 PPS compared 
to 30 PPS for (a) adults for swal-
low reaction time, pharyngeal 
response time, upper esophageal 
sphincter open duration. and (b) 
infants for total swallow duration, 
velopharyngeal closure duration, 
and upper esophageal sphincter 
open duration. Note that for each 
measure and temporal resolution, 
along the x-axis data are ordered 
from smallest to highest to easily 
display the span of differences. 
The y-axis represents the amount 
of difference in ms
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statistically (TSD: chi-square (2) = 4.6, p = 0.1; VPCD: chi-
square (2) = 1.5, p = 0.5; UESOD: chi-square (2) = 0.7, 
p = 0.7). However, the average difference in duration mea-
sures increased as pulse rate decreased (Fig. 4). Figure 5b 
shows that across all duration measures, direction of change 
was inconsistent (i.e., sometimes the duration was shorter 
and sometimes the duration was longer).

To assess if the duration data obtained from our infant 
participants compared favorably to other data sets, Table 4 
displays the average duration data obtained from previous 
investigations. These are compared to the average duration 
data obtained in this investigation in the 30 PPS condition. 
Overall, the data obtained in this investigation compares 
well for VPCD, but not for TSD and UESOD.

Impact of Pulse Rate on Duration in Infant Studies

Three duration measures were evaluated in 10 infants and 
included TSD, velopharyngeal closure VPCD, and UESOD. 
Using a Friedman test for repeated measures of nonpara-
metric data, duration measures in infants did not differ 

Table 3 Accuracy of clinical determination for swallow videos 
obtained from adult participants across pulse rates compared to the 30 
PPS condition
Measure 15 PPS 5 PPS
SRT 86% 69%
PRT 72% 76%
UESOD 79% 76%
PHP 93% 97%
UESOE 93% 89%
PRT = pharyngeal response time; SRT = Swallow reaction time; 
UESOD = UES open duration; PHP = peak hyoid position; 
UESOE = extent of UES opening

Fig. 6 Agreement of clinical determination across pulse rates for dura-
tion measures (peak hyoid position, and upper esophageal sphincter 
open duration) obtained from adult participants. In” refers to the num-
ber of videos that were measured to be within the 95CI in the 30 PPS 

condition. “Out” refers to the number of videos that were measured to 
be outside the 95CI in the 30 PPS condition. Each column represents 
the number of videos that were in agreement with (or changed from) 
the clinical determination assigned in the 30PPS condition
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Impact of Pulse Rate on Kinematic Measures in 
Adults

A Friedman test was conducted to determine whether kine-
matic measures differed across pulse rates. The results 
showed a significant difference (chi square (5) = 220; 
p < 0.001). Pairwise analyses are presented below to deter-
mine the specific pairs where statistical differences occurred.

Peak hyoid position Differences in measurements of 
PHP increased as pulse rate decreased (Fig. 3). PHP was 
statistically different when comparing 30 PPS to 15 PPS and 
30 to 5 PPS across both consistencies (IDDSI–1: z = 2.3, 
p = 0.02, r = 0.4 for 15 PPS compared to 30 PPS, and z = 2.9, 
p = 0.004, r = 0.5 for 5 PPS compared to 30 PPS; IDDSI-4: 
z = 2.2, p = 0.03, r = 0.4 for 15 PPS compared to 30 PPS, and 
z = 3.0, p = 0.003, r = 0.6 for 5 PPS compared to 30 PPS).

Using norms from Steele et al. [13], in the 30 PPS condi-
tion, five videos were measured to be within the 95CI; 24 
were outside the 95CI range. When comparing this clinical 
determination to measures from 15 PPS, of the five that were 
within the 95CI in the 30 PPS condition, three maintained 
that clinical determination (Fig. 7a). In the 5 PPS condition 
four retained the clinical determination that they received in 
the 30 PPS condition. For the 24 that were outside the 95CI 
in the 30 frame condition, all retained that clinical determi-
nation in both lower frame conditions. Accuracy of clini-
cal determination was 93% for 15 PPS and 97% for 5 PPS 
(Table 3).

Extent of UES opening There is an increased difference 
in the UESOE measures as pulse rate decreased (Fig. 3). 
UESOE was statistically different when comparing 30 
PPS to 15 PPS in puree but not thin consistency (IDDSI-1: 
z = 1.1, p = 0.2, r = 0.2; IDDSI-4: z = 3.2, p = 0.002, r = 0.6). 
UESOE was statistically different when comparing 30 PPS 
to 5 PPS across consistency (IDDSI-1: z = 3.6, p < 0.001, 
r = 0.7; IDDSI-4: z = 4.3, p < 0.001, r = 0.8).

Using norms from Steele et al. [13], in the 30 PPS condi-
tion, 13 were measured as within the 95CI; 16 were outside 
the 95CI range. When comparing this clinical determination 
from the 30 PPS condition to those obtained from measures 
in the 15 PPS condition, of the 13 that were within the 95CI, 
12 maintained that clinical determination (Fig. 7b). In the 5 
PPS condition 11 of the 13 retained the clinical determina-
tion of within 95CI. For the 16 that were outside the 95CI in 
the 30 PPS condition, 15 retained that clinical determination 
in both the 15 and 5 pulse conditions. Using contingency 
data to assess accuracy, the 15 PPS rate condition had an 
accuracy rate of 93%; the 5 PPS condition had an accuracy 
rate of 89% (Table 3).
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temporal resolution had on clinical determination of a given 
measure.

Duration Measures

The difference in duration measures increased as pulse 
rate decreased. Notably, for adults in addition to increased 

Discussion

The purpose of this investigation was to assess the impact 
of temporal resolution on measures of swallow events and 
swallow related oropharyngeal movements in infants and 
adults. More importantly, we evaluated the impact that 

Fig. 7 Agreement of clinical 
determination across pulse rates 
for kinematic measures (peak 
hyoid position, and extent of 
upper esophageal sphincter 
opening) obtained from adult 
participants.“In” refers to the 
number of videos that were mea-
sured to be within the 95CI in the 
30 PPS condition. “Out” refers to 
the number of videos that were 
measured to be outside the 95CI 
in the 30 PPS condition. Each 
column represents the number 
of videos that were in agreement 
with (or changed from) the clini-
cal determination assigned in the 
30PPS condition
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bottom line, however, is clear. The further we stray from a 
30 PPS data acquisition standard, the less likely we are to 
have adequate resolution for accurate clinical interpretation, 
and the fact that the directionality of the difference is unpre-
dictable makes it impossible to offer a mathematical correc-
tion when lower pulse rates are used. Either way, if someone 
is misdiagnosed as having a more severe swallow deficit or 
a less severe swallow deficit, there are clinical implications. 
The clinical implication of perceived longer duration of 
SRT is that a speech-language pathologist (SLP) may make 
inaccurate conclusions and provide unnecessary or incorrect 
treatment. An incorrect shorter measurement means that an 
oropharyngeal dysfunction may be missed and an individ-
ual with swallow deficits may not receive treatment. Our 
findings indicate that the accuracy of duration is lost with 
reductions in temporal resolution and is not systematic (i.e., 
may consistently yield longer or shorter interpretations of 
durations). When shorter durations are noted, the clinician 
may fail to implement treatment when necessary, putting the 
individual at heightened risk for aspiration and its associ-
ated sequelae [20].

Kinematic Measures

Kinematic measures allow us to assess movement of struc-
tures during the swallow. Broadly speaking, if movement is 
reduced, there may be inadequate pressure on the bolus to 
support safe and efficient bolus transit through the pharynx. 
In this investigation we measured two kinematic aspects 
of swallowing–PHP during the swallow and UESOE dur-
ing bolus passage. In general, more UES distension and 
hyolaryngeal displacement is typically associated with 
a safer and more efficient swallow. In this investigation, 
on average, as pulse rate decreased, the accuracy of kine-
matic measures was reduced. This may impact our judge-
ment of swallow efficiency. If a clinician observes minimal 
hyolaryngeal displacement during the swallow, their con-
cern for the swallow’s safety would likely increase as the 
airway entrance may not be adequately deflected away from 
bolus flow. If poor hyolaryngeal trajectory is combined with 
poor laryngeal vestibule closure, there is additional concern 
for swallow safety.

If UESOE is inaccurately measured as more inadequate 
than it actually is, there may be concern regarding the effi-
ciency of bolus passage through the UES. This concern 
becomes particularly relevant when assessing it in conjunc-
tion with pharyngeal residue. In such cases, the SLP may 
be misled into overestimating the impact of reduced UES 
opening on swallow inefficiencies. Consequently, they may 
underestimate the influence of other physiologic events that 
are contributing to the inefficiency.

measurement differences with lower pulse rates, where nor-
mative values were available, lower pulse rates resulted in 
a shift in clinical interpretation. This impacted individu-
als who were within normal limits in the 30 PPS condition 
more than it did those that were categorized as disordered. 
In fact, across all three duration measures, all adult partici-
pants whose duration data were within normal limits in the 
30 PPS condition were measured as outside normal limits in 
the 5 PPS condition. This level of analysis was not possible 
for the infant participants given that infant normative data-
bases for swallow durations are not available. Also, even 
if duration measures are unaffected by pulse rate in infant 
studies, it does not mean that safety and efficiency are also 
statistically unaltered across pulse rates.

The difference in swallow reaction time that we observed 
in this investigation links well to previous data comparing 
MBSImP ratings across two pulse rates—30 and 15 [10]. 
Bonilha and colleagues noted that initiation of the pha-
ryngeal swallow, which is akin to swallow reaction time, 
was more vulnerable to reductions in pulse rate than other 
MBSImP components. They reported that 80% of the swal-
lows with changes in the initiation of pharyngeal swallow 
were perceived to have worse, or slower, pharyngeal ini-
tiation at 15 PPS than 30 PPS. In contrast, Mulheren et al. 
[11] found a trend for swallowing events, including pharyn-
geal transit time and initiation of pharyngeal swallow, to be 
generally perceived as faster at 15 PPS than 30 PPS across 
boluses.

Measures of duration are less sensitive to reductions in 
pulse rate in infants when compared to adults. While these 
data show that duration measures from infant swallow stud-
ies may not be sensitive to changes in pulse rate, caution is 
warranted in broad interpretation. That is, given the small 
number of infant participants, and the fact that duration is 
only one aspect of swallow physiology, the lack of statisti-
cal difference as a function of pulse rate does not imply that 
lower pulse rates are acceptable for interpretation of infant 
swallow studies. Indeed, further evaluation is warranted to 
address this issue.

If we consider variation across individuals, our data adds 
light to the inconsistencies reported in these previous inves-
tigations with smaller n values. Recall that differences were 
noted between 30 PPS and the lower pulse rates; however, 
the direction of the difference (i.e., longer or shorter in dura-
tion) was highly variable. With lower pulse rates some par-
ticipants were viewed as more disordered and some were 
viewed as less impaired. In fact, for thin liquid swallows, 
clinical determination changed for four participants in the 
15 PPS condition. Of those four, two were measured as bet-
ter and two were measured as worse. This increased to nine 
participants in the 5 PPS condition. Of these nine, eight were 
measured as worse and one was measured as better. The 
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patient is at risk of untreated physiological problems which 
may sacrifice their health. While these data are sufficient 
to question reductions in frame rate or pulse rate, duration 
and kinematic measures are not the sole variables to access 
patient swallow function. Some consideration should be 
given to safety and efficiency measures.

Supplementary Information The online version contains 
supplementary material available at https://doi.org/10.1007/s00455-
024-10709-y.
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