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Abstract There is little reported evidence regarding the
reliability of temporal and physiologic features of infant
swallowing from videofluoroscopic swallowing studies
(VESS). The purpose of this retrospective study was to
determine a reliable set of temporal and physiologic fea-
tures from infant swallowing that can be measured from
analysis of VFSS. Temporal and physiologic features for
testing were determined from review of previously reported
features of infant VESS in the literature. Two novel analysts
underwent three training sessions to learn and practice vi-
sual recognition of the proposed features. The two analysts
then assessed 25 swallows from 10 total subjects’ VESS. To
establish inter- and intra-rater reliability, calculation of
Pearson’s r was used for features that met criteria for
parametric analysis and Spearman’s rank correlation coef-
ficient was used for the non-continuous features. Percent
agreement was used to report on the reliability of the di-
chotomous features due to insufficient variability for
Spearman’s rho analyses. Fifteen of the 16 tested features
were found to have acceptable inter- and intra-rater
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reliability measures, with each analyst achieving a corre-
lation of 0.75 or higher. This project identifies 15 variables
that can be reliably measured from infant VFSS. This in-
formation can be used to assist with determination of nor-
mal versus abnormal swallow features and in developing
and testing therapeutic strategies for infants with dysphagia.
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Introduction

The improved survival rate of infants and children with
complex medical conditions has resulted in a significant
increase in the prevalence of pediatric feeding and swal-
lowing disorders. The prevalence of feeding disorders in
pediatric populations with developmental disorders ranges
from 33 to 80 % [1]. Dysphagia in infants and children
may be the result of many underlying conditions including
neurological disorders, prematurity and resulting sequelae,
craniofacial anomalies, pulmonary disorders/diseases, and
those conditions that affect suck/swallow/breath rhyth-
micity [1, 2]. Evaluation of infants and children suspected
of oropharyngeal dysphagia typically includes instrumental
assessment. Ultrasound, endoscopy, and videofluoroscopy
techniques have all been described in the literature as
useful technologies in the diagnosis of pediatric dysphagia
[3-18]. Of all the available assessment techniques, the
videofluoroscopic examination of swallowing remains the
most commonly used tool for analyzing swallowing func-
tion in pediatric patients [4, 5, 7, 9, 11-13, 15, 18, 19].
Kramer and Eicher described the videofluoroscopic ex-
amination of swallowing as the “best procedure” for
evaluating the dynamic process of swallowing in pediatric
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populations [20]. Many authors have used the vide-
ofluoroscopic examination to describe normal and abnor-
mal swallowing function in a variety of pediatric
populations ranging in age from infancy to adolescence [4,
5, 7,9, 11-13, 15, 18]. Each individual report utilizes a
different set of temporal and physiologic features to de-
scribe normal and abnormal swallowing features. As a re-
sult, it is not always possible to compare swallowing
features from different populations across reports.

The ability to diagnose normal or abnormal swallowing
function in any population, including pediatrics, depends
on the establishment of reliable features that can be com-
pared across videofluoroscopic swallowing studies. The
purpose of this retrospective study was to determine a set
of temporal and physiologic features of infant swallowing
function that can be reliably measured with frame-by-
frame analysis of videofluoroscopic swallowing studies.

Methods
Subject Selection

Subjects were identified from a retrospective review of the
medical records of patients 1 week to 6 months of age who
were also referred for a VFSS at Le Bonheur Children’s
Hospital in Memphis, Tennessee before December 2010.
The age range was restricted based on the established
feeding development hierarchy. To avoid the possible de-
velopmental influence of spoon feeding, only those infants
who had not yet started spoon feeding were included in the
current study. The patient’s name, medical record number,
and financial number were removed from all reviewable
records, and each subject was assigned a number to ensure
anonymity. For inclusion, the subjects were required to
have a VFSS that identified dysphagia with score on the
Penetration-Aspiration Scale of 2 or more on at least one
swallow [19]. Based on the limited empirical evidence
regarding normal swallowing in infants, airway compro-
mise is not expected on videofluoroscopic imaging [7, 18].
Exclusion criteria included any infant with known neuro-
logic impairment, any infant not at 38 weeks post-con-
ceptual age, any infant with tracheotomy, and any infant
with craniofacial anomaly.

Clinical Standards for VFSS

Established clinical standards at Le Bonheur Children’s
Hospital dictate that infants undergoing VFSS study were
seated, semi-upright, in a Tumbleform chair and were
viewed in the lateral projection. Each subject was initially
presented with Varibar Thin Liquid Barium (Bracco Di-
agnostics Inc, Monroe Township, NJ) (target viscosity of 4
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centipoise, viscosity range <15 centipoise). The thin liquid
barium required reconstitution from powder and clinicians
followed manufacturer’s instructions for standard prepa-
ration. For the current project, reliability of chosen features
was determined from analysis of swallows with the thin
liquid barium from Similac (Abbott Laboratories, Abbott
Park, IL) disposable volu-feeder bottles with standard
Similac, disposable one-hole nipples. The videos were all
recorded and reviewed at 30 frames per second.
The subject characteristics are presented in Table 1.

Swallowing Variables for Reliability

Sixteen different swallowing variables were chosen for
review based on previous videofluoroscopic analyses of
infant swallowing function [7, 18, 21]. The included pa-
rameters for reliability analysis are presented in Table 2
along with the instructions given to raters during training.

Reliability Training

Both analysts underwent a series of three, 90 min, training
sessions. During the training sessions, the analysts were
given the instructions for how to collect all of the intended
measures and practiced collecting the target measures with
an independent expert analyst. Practice began with col-
lecting the above measures from adult videofluoroscopic
swallowing studies on commercially available training
packages and then transitioned to practice collecting
measures on pediatric VESS [23, 24]. Videos were re-
viewed utilizing QuickTime software version 7 (Apple,
Cupertino, CA). QuickTime software provides a timer to
the hundredths of a second and that was visible for all
timing measures. Videos were reviewed with frame-by-
frame analysis as many times as necessary for analysts to
feel confident in their ratings. In addition to training ses-
sions, analysts reinforced learned concepts by completing
independent practice between training sessions. Indepen-
dent practice was reviewed with the expert analyst at the
follow-up training session. They were also able to access
the expert analyst for questions and feedback at any time
during the training window.

Graduate student volunteers were utilized to fill ana-
lysts’ roles as they had no previous experience with pedi-
atric dysphagia, and therefore, did not introduce any
clinical bias into their ratings. The expert analyst was an
individual with the clinical distinction of board certified
specialist in swallowing and swallowing disorders with
more than 5 years of clinical experience in the field of
pediatric dysphagia diagnosis and management. The expert
analyst had previously reviewed other infant VFSS videos
and established intra-rater reliability before providing in-
struction and training to novice analysts.
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Table 1 Subject characteristics

Subject number NG tube Age (PCA) at time of VFSS Gender Reason for referral Total number of swallows observed
1 - I m M Choking 2
2 + 4 m F Choking 3
3 — 2w F Choking 2
4 — 2m M Choking 2
5 — 6 m F Dysphagia 2
6 - 2 m F Dysphagia 3
7 — 2m F Choking 3
8 + 6 m F GERD 3
9 — Sm M Coughing 3
10 - S5m F Coughing 2

NG Nasogastric tube, GERD gastroesophageal reflux disease, w weeks, m months, F female, M male, PCA post-conceptual age

Table 2 Parameters for reliability

analysis and their instructions for collection

Parameter name

Instructions

Number of sucks per swallow
Suck time
Oral transit time

Initiation of velar movement

Collection of bolus before swallow
Pharyngeal transit time

Duration of cricopharyngeal
opening

Duration of pharyngeal constriction

Time to laryngeal closure

Duration of laryngeal closure

Bolus position at initiation of
laryngeal closure

Epiglottic tilting
Nasopharyngeal backflow

Penetration-aspiration scale

Residue

Jaw position

Downward motion of mandible-to-mandible returning to neutral position was counted as one suck. Total
number of sucks per swallow was counted

Begin with frame at initiation of downward mandibular movement and end with frame at initiation of base
of tongue propulsion. The difference between these two measures was the time spent sucking

Begin with frame at initiation of base of tongue propulsion and end with last frame where body of bolus
material is in the valleculae. The difference between these two measures was the oral transit time

Recorded the time at first frame of posterior velar movement

Identified where body of bolus collected (posterior oral cavity-POC, base of tongue-BOT & valleculae-V,
pyriform sinuses-PS, or diffuse-D) at onset of BOT propulsion

Begin with last frame where body of bolus material is in the valleculae and end with last frame of
cricopharyngeal opening. The difference between these two measures was the pharyngeal transit time

Begin with first frame of bolus head in the cricopharyngeal sphincter and end with first frame where
cricopharyngeus is closed and bolus tail has entered esophagus. The difference between these two
measures was the duration of cricopharyngeal opening

Begin with first frame of maximum pharyngeal constriction and end with onset of pharyngeal relaxation at
the velum. The difference between these two measures was the duration of pharyngeal constriction

Begin with first frame at initiation of laryngeal closure with upward movement of the arytenoids and end
with first frame of complete laryngeal closure. The difference between these two measures was the time to
laryngeal closure

Begin with first frame of complete laryngeal closure and with first frame showing initiation of laryngeal
opening. The difference between these two measures was the duration of laryngeal closure

Reviewer identified where the body of bolus material collected (posterior oral cavity-POC, base of tongue-
BOT &/or valleculae-V, pyriform sinuses-PS &/or cricopharyngeus sphincter-CPS &/or cervical
esophagus-E, Other-O) at the onset of laryngeal closure

Reviewer marked Yes or No in response to whether the epiglottis retroflexed during laryngeal closure

Reviewer marked Yes or No in response to whether bolus material entered the nasopharynx before during
or after the swallow

Reviewer assigned a number, 1-8, from the penetration-aspiration scale to describe the level of airway
compromise during the swallow [22]

Reviewer marked Yes or No in response to whether there was residue after the swallow & defined where it
was located (BOT, V, posterior pharyngeal wall-PPW, PS, or other-O). If the reviewer marked O, they
provided the anatomic location of the residue

Reviewer determined if the jaw was opening (O), closing (C), or in a neutral (N) position at the following
times: (a) initiation of base of tongue propulsion, (b) max pharyngeal constriction, and (c) at the first
frame of cricopharyngeal closure
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After completing training, the two novel analysts
assessed a total of 25 swallows contributed from 10 dif-
ferent subjects with the established measures on two
different occasions at least 2 weeks apart. Individual
analysts were blinded to the ratings of the other analysts.
The expert analyst independently assessed 10 of the ori-
ginal 25 swallows from four of the subjects to provide a
measure of validity for the two volunteer analysts. Cor-
relations of 0.75 or higher were deemed acceptable for
labeling of reliable and/or valid for each of the individual
features.

Statistical Analyses

Calculation of the Pearson’s r was used to establish inter-
and intra-rater reliability for the two volunteer analysts for
the 10 variables that met criteria for parametric analysis
(number of sucks per swallow, suck time, oral transit time,
initiation of velar movement, pharyngeal transit time, du-
ration of cricopharyngeal opening, duration of pharyngeal
constriction, time to laryngeal closure, duration of laryn-
geal closure, and score on the penetration-aspiration scale).
Pearson’s r provides a measure of the strength of the cor-
relation between two variables; in this case, the variables
are the analyses provided by the two student analysts and
one expert analyst for measures providing interval or ratio
level data [25].

Spearman’s rank correlation coefficient provided a
measure of the strength of the correlation between two
variables for ordinal data [25]. Spearman’s rank correlation
coefficient was used to establish inter- and intra-rater re-
liability for the two volunteer analysts for five of the non-
continuous variables (location of bolus before the swallow,
location of bolus at initiation of laryngeal closure, presence
of residue after the swallow, location of residue if present,
and jaw position at various times). These five non-con-
tinuous variables all represent ordinal data that can be
ranked by their scores. Location variables were all ranked
in order of appearance along the upper aerodigestive tract
with lower location rankings representing material located
closer to the oral cavity and higher location rankings rep-
resenting material located closer to the hypopharynx and
larynx. The presence of residue is dichotomous in nature
(either yes it was present or no it was not present), but
scores can be ranked with 1 (no residue) being more de-
sirable than scores of 2 (residue). Jaw position was ranked
as 1 (neutral) being more desirable than scores of 2
(closing) or 3 (opening).

For the dichotomous variables of the presence of
epiglottic tilting during the swallow and nasopharyngeal
backflow during the swallow, there was insufficient vari-
ability among the student analysts and the expert analyst to
complete the Spearman’s rho analysis. There was 100 %
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agreement between the two novel analysts and one expert
analyst for those two dichotomous variables.

Results
Descriptive Information

The aim of this study was to provide information on the
reliability of a set of proposed swallowing variables for
review of infant VFSSs. The results of the individual pa-
rameters for the subjects reviewed for the reliability ana-
lyses are provided below in a series of Tables 3 and 4.

Reliability

The two novel analysts achieved a correlation of 0.75 or
higher for all statistical analyses except for Spearman’s
rank correlation coefficients for the feature of jaw position
at predetermined times. Each analyst’s scores were also
compared to the scores of the expert independent analyst
with the Pearson’s r and the Spearman’s rank correlation
coefficient, respectively. Tables 5 and 6 provide the indi-
vidual scores for each of the reliability measures for both
intra- and inter-rater reliability. In total, 15 different fea-
tures were found to be reliable for the analysis of infant
VESS.

Discussion

The VFSS is the most common imaging exam for pro-
viding information on all stages of swallowing for infants,
and it can be used as part of a complete assessment for
oropharyngeal dysphagia [21, 26]. The need for standard-
ization of the VFSS has been established for adult
populations [27]. A first step in standardizing criteria for
the infant VFSS is establishing a set of oropharyngeal
swallowing features than can be reliably analyzed across
swallows. To our knowledge, the inter- and intra-rater re-
liability of a select set of oropharyngeal swallowing fea-
tures has not been definitively established in the literature.

There are two studies in the literature that previously
reported on normal infant swallowing features from review
of VFSS and barium esophagram [7, 18]. Each of the
studies on normal infant swallowing features utilized a
unique set of oropharyngeal swallowing features and pro-
vided different liquids for swallowing. Weckmueller et al.
provided the subjects with formula or breast milk mixed
with barium sulfate powder, while Newman et al. provided
subjects with a liquid barium suspension of barium sulfate
powder and sterile water [7, 18]. Weckmueller et al. did not
report on the reliability of the reported swallowing features
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Table 3 Descriptive information for parametric swallowing features

Rater 1 Rater 2
Swallow parameter Mean (n = 10) SD Mean (n = 10) SD
Number of sucks/swallow 1.64 0.95 1.56 .82
Suck time (sec) 1.06 0.49 1.09 0.48
Oral transit time (sec) 0.276 0.28 0.28 0.26
Initiation of velar movement (sec) 25.28 10.03 26.27 8.55
Pharyngeal transit time (sec) 0.29 0.08 0.24 0.10
Duration of cricopharyngeal opening (sec) 0.27 0.07 0.23 0.06
Duration of pharyngeal constriction (sec) 0.26 0.10 0.39 0.26
Time to laryngeal closure (sec) 0.08 0.03 0.15 0.09
Duration of laryngeal closure (sec) 0.44 0.11 0.65 0.54
PAS score 1.12 0.33 1.20 0.41
sec seconds, PAS penetration-aspiration scale
Table 4 Descriptive information for non-parametric swallowing parameters
Swallow parameter Possible rating Frequency of rating  Frequency of rating
analyst 1 analyst 2

Bolus location before swallow 1-Posterior oral cavity 21 20

2-BOT &/or valleculae 3 2

3-Pyriform sinuses 0

4-Diffuse, in one or more of the above locations 1 3
Bolus location at initiation of 1-Posterior oral cavity 0 8

laryngeal closure 2-BOT &/or valleculae 25 17
3-Pyriform sinuses &/or cricopharyngeal sphincter &/or 0 0
cervical esophagus

4-other 0
Residue 1-No 6 4

2-Yes 19 21
Location of residue 1-None 6 4

2-BOT &/or valleculae 15 21

3-Posterior pharyngeal wall &/or pyriform sinuses 0 0

4-Diffuse two or more of the above locations 4 0
Jaw position 1-Opening 0

2-Neutral, neither opening nor closing 23 18

3-closing 2
Epiglottic tilt 1-No 25 25

2-Yes 0 0
Nasopharyngeal backflow 1-No 25 25

2-Yes 0 0

used in their study [18]. Newman et al. reported good in-
terobserver reliability with intraclass coefficient correla-
tions (0.79 to 0.99, p < 0.0001) for number of sucks per
swallow, suck time, oral transit time, and pharyngeal transit
time [7]. Similarly, this study found good interobserver

reliability with calculation of the Pearson’s r statistic for
inter-rater reliability for the same features. The non-para-
metric variables recorded in both research projects in-
cluded collection of material before the swallow,
nasopharyngeal reflux, and residue after the swallow.
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Table 5 Intra-rater reliability of analysts 1 and 2 analyses

Parameter

Analyst 1 reliability

Analyst 2 reliability

Number of sucks per swallow

Suck time

Oral transit time

Initiation of velar movement
Pharyngeal transit time

Duration of cricopharyngeal opening
Duration of pharyngeal constriction
Time to laryngeal closure

Duration of laryngeal closure

PA scale

Bolus location before swallow
Location of bolus at initiation of laryngeal closure
Epiglottic tilt

Nasopharyngeal backflow

Residue

Loc residue

Jaw position

r= 0954
r = 0.806
r = 0.997
r=0.847
r = 0.803
r=0.833
r=0.984
r=0781

r=0.802
r=0.873
ro = 1.00

ro = 0.777

100 % Agreement
100 % Agreement

ry = 0.890
r, = 0.833
ry = 0.705

r = 0.909
r=0.781
r = 0.995
r = 0.999
r = 0.808
r=0.834
r = 0.951

r=0.857
r = 0.838
r = 1.00

r, = 0.873
ro = 0.774

100 % Agreement
100 % Agreement

ro = 0.814
ro = 0.781
r. = 0.637

r and ry significant at p < 0.01
Loc location

Table 6 Inter-rater reliability of analysts 1 and 2 and expert analyst analyses

Parameter

Analyst 1 & 2 reliability

Analyst 1 & expert

Analyst 2 & expert

Number of sucks per swallow

Suck time

Oral transit time

Initiation of velar movement
Pharyngeal transit time

Duration of cricopharyngeal opening
Duration of pharyngeal constriction
Time to laryngeal closure

Duration of laryngeal closure
Pen-Asp Scale

Location of bolus before swallow
Location of bolus at initiation of laryngeal closure
Epiglottic tilt

Nasopharyngeal backflow

Residue

Loc residue

Jaw position

r = 0.909
r = 0.847
r=0.935
r = 0.862
r = 0819

r=0.770
r=0.972
r = 0.852
r=0.750
r=0.873
r¢ = 0.750
rs = 0.819

100 % Agreement
100 % Agreement

7 = 0.890
r, = 0.786
r, = 0.670

r = 0.969
r = 0.988
r = 0.888
r= 1.00

r=00915
r=0.792
r = 0.999
r=0.786
r = 0.945
r = 1.00

ro= 0.764
re = 1.00

100 % Agreement
100 % Agreement

ry = 0.802
ro=0.773
r, = 0.623

r = 0.841
r = 0.870
r=0.935
r=1.00

r = 0.765
r = 0.893
r=0.992
r=0918
r = 0.968
r=1.00

o= 764
ro = 1.00

100 % Agreement
100 % Agreement

r = 0.802
ry = 0.802
r, = 0.642

r and r; significant at p < 0.01

Loc location

Newman et al. and the current study found interobserver
reliability ranging from fair to good for these non-para-

metric swallowing features [7].
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Comparisons, regarding the values of the measures
studied here to determine reliability to previously reported

normal infant swallowing parameter values, are difficult



M. M. Gosa et al.: Reliability for Identification of a Select Set of Temporal and Physiologic Features 371

due to methodological variations. Both the Newman et al.
and Weckmueller et al. research studies reported swal-
lowing parameter values for infants without dysphagia. The
subjects in this research study were all identified as having
dysphagia. The subjects in the Newman et al. and the
Weckmueller et al. study had a mean age of 50 days and
2.2 months, respectively, while the mean age of the infants
in this study was 3.35 months [7, 18]. Additionally, as the
goal of this study was to determine the reliability of the
proposed set of parameters for analysis of infant VFSSs,
the subject pool was not tightly controlled to allow for
generalizability of parameter findings to specific diagnostic
groups. However, it may be of interest to compare our
limited results to previous results for similar measures;
therefore, those comparisons are presented in Table 7.

Considering the division of the set of swallowing fea-
tures in this research study into temporal measures and
those that have the potential to report on the physiological
aspects of the infant’s swallow, it will be of interest to
investigate the correlation of each set with feeding out-
comes. Temporal measures achieved acceptable inter- and
intra-rater reliability in this preliminary study. Future
analyses with these swallowing features could be used to
investigate what, if any, relationship these features have
with oropharyngeal dysphagia signs in infant populations
such as laryngeal penetration and/or aspiration, respiratory
complications, and poor growth/weight gain. Several of the
features studied here for reliability can be used to provide
comment on the physiological features of the infant swal-
low including the number of sucks/swallow, suck time, and
time to initiate velar competency as a component of oral
competency and efficiency; collection of bolus material
prior to swallow initiation as a component of lingual-velar
competency; the presence of nasopharyngeal backflow as a
component of velum—posterior pharyngeal wall compe-
tency; and the presence of residue as a component of oral
and pharyngeal strength/clearance. These types of corre-
lations would require additional study and are only men-
tioned here as possibilities for future research.

Table 7 Comparison of reported swallowing physiology parameters

This study utilized frame-by-frame analysis to obtain
quantitative and qualitative data from retrospective review
of infant VFSS. The analysts were pretrained to criterion
normed features and established both intra- and inter-rater
reliability for all features in this set of infant oropharyngeal
swallowing parameters, except Jaw Position. This is an
encouraging finding as it provides preliminary information
on 15 oropharyngeal swallowing features that can be reli-
ably measured during review of infant VFSS. An additional
positive feature of this study is the use of novel clinicians
in this study, as it points to the potential for generalizability
of the reliability of these features, when used by more
experienced clinicians.

This study has inherent limitations. It was completed
with a small sample size (n = 10) that provided a total of
25 swallows for review. All of the subjects for this study
were identified from a limited sample from the same in-
stitution, which might introduce institutional bias. If pos-
sible, studies should draw subjects from multiple
institutions to avoid this bias. Future studies may be able to
prevent this bias through prospective data collection from
multiple institutions. This study relied on retrospective
analysis of previously recorded VFSS. In order to control
for common sources of bias from retrospective analysis, we
randomly selected subjects from a qualified pool of sub-
jects chosen against established inclusion and exclusion
criteria. To control for observation bias, we collected new
observations from the VFSS following training on a well-
defined criterion referenced set of parameters. A final
limitation to the current study comes from reliability
training being completed with only one expert trainer.
Future studies should examine the reliability of these pa-
rameters among experienced clinicians to further establish
their validity.

Our results suggest that this set of 15 measures can be
used reliably to report features of infant swallowing func-
tion. While results are preliminary and have not been
validated by duplication in additional independent ana-
lyses, they are a first step in establishing possible criteria

Mean (SD) from rater 1 in
current study; n = 10

Swallow parameter

Mean (SD) from Weckmueller et al.
[11] Group 1; n =5

Mean (SD) from Newman
etal. [7]; n =21

Number of sucks/swallow 1.64 (0.95)

Suck time (sec) (Oral fill time in 1.06 (0.49)
Weckmueller et al. [11])

Oral transit time (sec) 0.28 (0.28)

Pharyngeal transit time (sec) 0.29 (0.08)

1.74 (1.45) Not reported
Not reported 0.61 (0.26)
Not reported 0.69 (0.28)
0.60 (0.10) 0.25 (0.14)

Newman et al. [7] reported a combined measure of suck and oral transit time with mean (SD) of 0.88 (0.93)

SD standard deviation
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for standardization of infant VFSS interpretation. Addi-
tional work is necessary to determine the normal pa-
rameters of each of these features and to determine what, if
any, impact these features have on long-term feeding out-
comes in infants and children. Additionally, documentation
of these features may allow for comparisons to be made
between various populations of infants with dysphagia.
This study represents the first comprehensive effort to de-
fine a set of infant oropharyngeal swallowing parameters
and establish their reliability.
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