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Abstract. Preswallow bolus formation usually occurs
in the mouth for liquids and in the oropharynx for
solid foods. We examined the effect of chewing on the
relationship between bolus transport and swallow
initiation. Fifteen healthy subjects were imaged with
lateral projection videofluorography while eating
liquids, solid foods, and a mixture of liquid and solid
foods in upright and facedown postures. Videotapes
were reviewed to measure the location of the leading
edge of the barium at swallow initiation. Chewing
and initial consistency each altered the relationship
between food transport and swallow initiation. In
particular, when chewing liquid (or consuming foods
with both liquid and solid phases), a portion of the
food commonly reached the hypopharynx well before
swallow onset. This transport to the hypopharynx
was highly dependent on gravity, but transport to the
valleculae for chewed solid food was active, depend-
ing primarily on tongue-palate contact. Chewing
appeared to reduce the effectiveness of the posterior
tongue-palate seal, allowing oral contents to spill into
the pharynx. Consuming two-phase foods with both
solid and liquid phases may increase the risk of
aspiration in dysphagic individuals with impaired
airway protective reflexes.

Key words: Deglutition — Chewing — Mouth —
Pharynx — Fluoroscopy — Viscosity — Deglutition
disorders.
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Swallowing is traditionally divided into four stages:
oral preparatory, oral propulsive, pharyngeal, and
esophageal. Inherent in the four-stage model is the
concept that these stages are sequential, and that
bolus propulsion to the pharynx normally does not
occur until the time of swallow onset [1]. This model
was based on observation of liquid swallows [2, 3] but
does not adequately reflect the events in eating solid
food, especially bolus aggregation in -the pharyx be-
fore swallowing.

Palmer et al. [4, 5] have examined how normal
subjects eat solid food. These studies have shown that
chewed solid food may be transported to the pharynx
(stage II transport) up to 10 s before swallow onset.
Chewing may continue while food accumulates in the
oropharynx. With liquid swallows, a part of the bolus
may enter the pharynx before swallow onset [6],
especially in older subjects [7], but with chewed solid
food, a large bolus commonly accumulates in the
oropharynx. Indeed, the oropharynx appears to be
the normative location for bolus formation when
normal subjects eat solid food. Stage II transport is
an active process that is dependent on the tongue
squeezing the food against the palate and is not
dependent on gravity [§]. In comparing the processes
of drinking liquids and eating solids, there are two
fundamental differences: (1) consistency of the food
and (2) the need to chew solid items before swal-
lowing and coordinate the acts of chewing and in-
traoral food transport with swallowing. A question
arises as to whether food transport to the pharynx
before swallow onset (stage II transport) is related to
the act of chewing or is a function of food consis-
tency. If it is a result of the act of chewing, then
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chewing food before swallowing should produce
stage II transport well before swallowing, even for
liquids. If it is a result of food consistency, then food
transport to the pharynx with liquids should occur at
the time of swallow onset, even when subjects chew
the liquids before swallowing.

This study was designed to examine the
hypothesis that stage II transport and bolus aggre-
gation in the pharynx are related to the act of
chewing, and to reexamine whether the mechanism of
stage II transport is a result of action of the tongue or
a result of gravity.

Materials and Methods

Subjects

Fifteen healthy young adults [nine male and six female, mean
age = 30 + 5.2 (SD) years] participated in this study. Each
subject gave oral and written informed consent. The protocol was
approved by Institutional Review Board at Fujita Health Uni-
versity, where all recordings were made. All subjects were in
excellent health, with no history of major neurologic or mor-
phologic problems related to deglutition and no complaint of
dysphagia.

Procedure

Each subject was seated comfortably in a chair (upright posture)
and videofluorography (VFG) was performed at 30 frames/s in
fateral projection. Each recording covered the interval from the
food entering the mouth until the end of the first swallow. A
video timer was used to add a time signal to the videotape in
0.01-s increments. Each subject consumed the following foods:
liquid barium (LQ), corned beef hash with barium (CB), short-
bread cookie with barium (CO), and a two-phase mixture of
liquid barium and corned beef hash (MX). For liquid barium, 10
ml of 50% wt/vol liquid barium was placed in the mouth with a
syringe, and subjects were instructed to swallow the liquid in
their usual manner. We refer to this as the “liquid-no chewing”
(LQ-nc) recording. An additional recording was made with
instructions to chew the 10 ml of liquid barium and then swal-
low (LQ-chew). For CB and CO, the 8 g of food was placed in
the mouth and subjects were instructed to eat the food in their
usual manner. For MX, 4 g of CB was placed in the mouth, and
then 5 ml of liquid barium was injected in the mouth with a
syringe.

Review of the videotapes showed that with LQ-chew, CB,
CO, and MX, the subject always chewed before swallowing. The
complete set of recordings in upright posture was then repeated.
Next, two additional recordings each were made for LQ-chew,
CB, and MX with the subject in facedown posture. This was
accomplished by having the subject bend forward from the waist
while looking straight down, supporting the upper body by
placing both hands on a platform such that the upper body and
head were parallel to the ground [8]. The recordings in the upright
posture were always completed before those in the facedown
posture.
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Data Analysis

VFG recordings were reviewed in stow motion. A single recording
was defined as the time from a sample of food entering the mouth
until the end of the first swallow. The data from three sequences for
MX (upright posture), one sequence for LQ-chew (upright pos-
ture), and one sequence of CB (facedown posture) were excluded
because of technical difficulties with the recordings. The remaining
235 recordings (146 upright, 89 facedown) were included in the
analysis.

We used the Process Model paradigm to divide each se-
quence into intervals. This model was developed for analysis of
feeding with solid food and was selected for this study because the
traditional system of dividing swallowing into stages is inappro-
priate for studies of feeding. The Process Model has been validated
in several studies [4, 5, &]. The intervals were defined follows:

(1) Processing: Solid food was chewed and mixed with saliva; liq-
uids may be manipulated in the mouth. This interval begins
with entry of the food into the oral cavity and ends when the
leading edge of the barium passes under the posterior nasal
spine.

(2) Oropharynx aggregation time: Chewed and softened solid food
was propelled through the fauces into the pharynx. If food.
remained in the mouth, chewing continued. This interval begins
when the leading edge of the barium passes the posterior nasal
spine and ends when it passes the edge of the epiglottis and/or
aryepiglottic folds. Oropharynx aggregation time was subdi-
vided into two intervals:

(a) Postfaucial aggregation time (PFAT): Chewed food passed
through the fauces and collected on the pharyngeal surface of
the tongue. It ends when the leading edge of the barium reaches
the level of the inferior border of the mandible.

Vallecular aggregation time (VAT): Chewed food collected in
the valleculae. VAT ends when the leading edge of the barium
passes the edge of the epiglottis, entering the hypopharynx.

(b

'

(3) Hypopharynx transit time (HTT): Barium passed through the
hypopharynx. Starting with the end of VAT, this interval ends
when the trailing edge of the barium reaches the upper
esophageal sphincter.

To measure the effects of food consistency on swallow ini-
tiation, we recorded the position of the leading edge of the barium
at the time of swallow onset. The position was defined as follows
(Fig. 1): oral cavity (from the lips to the posterior nasal spine),
upper oropharynx (from the posterior nasal spine to the level of the
lower border of the mandible), valleculae (from the lower border of
the mandible to the edge of the epiglottis), or hypopharynx (from
the edge of the epiglottis to the upper esophageal sphincter).

Differences were tested with the nonparametric Friedman
analysis of variance (ANOVA) and Wilcoxon’s matched-pairs
signed-ranks test (with Bonferroni correction) for post hoc testing.
Timing measurements included the duration of each interval and
the interval from the start of HTT until swallow onset (defined as
the moment when the hyoid bone begins its rapid superior and
anterior motion). Timing data were transformed logarithmically
because variances were not homogeneous in that variance increased
with higher mean values. Logarithmic transformation provided
appropriately distributed data. Differences were analyzed with

"mixed-model ANOVA that included differences among subjects

and differences among food conditions (i.e., LQ-nc, LQ-chew, CB,
CO, and MX). For LQ-chew, CB, and MX, the effects of body
posture (upright vs. facedown) on timing measures were tested with
paired-sample ¢ tests. The critical value for rejecting the null
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Oral cavity

Upper oropharynx

I Valleculae

Fig. 1. The location of the leading edge of the barium is defined by
four regions: (1) oral cavity, (2) upper oropharynx (behind the fauces
but above the inferior border of mandible), (3) valleculae (below the
inferior border of the mandible but above the hypopharynx), and (4)
hypopharynx. Swallow onset is defined as the moment when the hyoid
bone began its rapid elevation preceding swallowing.

hypothesis was p < 0.05. Statistical p.roccdures were performed
with SPSS v11.0 (SPSS Inc., Chicago, IL).

Results

Location of the Leading Edge of Barium at Swallow
Onset

Upright Posture

The data for the location of the leading edge of

barium swallow onset are given in Table | and shown
in Figure 2. The leading edge of liquid barium was
significantly deeper in the pharynx at swallow onset
with chewing (LQ-chew) than without (LQ-nc) (p <
0.0u1). The leading edge of the barium was in the oral
cavity or upper oropharynx at swallow onset in 69%
of liquid swallows without chewing (LQ-nc) but in
only 30% with chewing (LQ-chew). Conversely, li-
quid was in the hypopharynx at swallow onset in 33%
with chewing but in only 3% without chewing. With
corned beef hash (CB) and cookie (CO), the leading
edge of the barium was usually in the valleculae at
swallow onset (60% and 70% of swallows, respec-
tively), and seldom entered the hypopharynx before
swallow onset. The leading edge of the barium was
significantly lower in the foodway at swallow onset
with mixture (MX) than with LQ-chew (p = 0.001),
LQ-nc (p < 0.001) or the other foods (p < 0.001).
With MX, the leading edge of the barium was in the
valleculae or hypopharynx at swallow onset for every
sequence recorded (37% in the valleculae and 63% in
the hypopharynx). Careful review of the videotapes
revealed that it was the liquid phase of the mixed

I Hypopharynx
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food that first entered the valleculae and hypophar-
ynx.

Facedown Posture

The location of the leading edge of barium at swallow
onset was next examined in facedown posture for
LQ-chew, CB, and MX. The leading edge was in the
upper oropharynx or valleculae at swallow onset for
73% of swallows with liquid (with chewing), 100%
with CB, and 93% with MX. The leading edge was in
the hypopharynx at swallow onset for 10% with li-
quid (with chewing), none with CB, and 3% with
MX. The location of the leading edge of barium at
swallow onset varied significantly among food con-
ditions (Friedman test, p = 0.05) but paired com-
parisons among food conditions were not significant
(Wilcoxon test, p > 0.15).

Comparing findings in the upright and face-
down postures revealed statistically significant effects:
The location of the leading edge of the barium at
swallow onset was significantly deeper in the pharynx
in the upright than in the facedown posture for LQ-
chew (p = 0.01) and for MX (p < 0.001). With CB,
however, posture had no significant effect on the
location of the leading edge of the barium at swallow
onset (p = 0.82).

Timing of Food Transport

The timing of food transport was analyzed by mea-
suring the duration of each interval in the sequence
(Processing, PFAT, VAT, and HTT) (Table 2,
Fig. 3). Log-transformed data were analyzed with
mixed-model ANOVA (Tables 3 and 4, Fig. 4). The
data presented in the text, figures, and legends are
raw, untransformed data for ease of understanding.

Upright Posture

In the upright posture, the duration of Processing
varied significantly among food conditions and sub-
jects (p < 0.001 for each). It was significantly shorter
for LQ-nc (1.5 [0.82-5.5] s, median [interquartile] s),
LQ-chew (3.9 [1.4-7.0] s), and MX (2.6 [1.5-5.3] s)
than it was for CB (6.9 [4.8-10.0] s) and CO (12.8
[7.5-16.7] s). Thus, foods with liquid phases had
shorter Processing durations than solid or semisolid
foods.

Duration of postfaucial aggregation time
(PFAT) varied significantly among food conditions
(p < 0.001) but not among subjects (p = 0.21). It
was significantly shorter for LQ-nc (0.23 [0.10-0.40]
s) than for any other food condition. PFAT duration
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Table 1. The location of the leading edge of the barium at swallow onset
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Liquid no chewing Liquid with chewing Corned beef hash Cookie Mixture
Upright posture
Total 29 (100.0) 30 (100.0) 30 (100.0) 30 (100.0) 27 (100.0)
Oral cavity 9 (31.0) 3(10.0) 3 (10.0) 1(3.3) 0(0.0)
Upper oropharynx 11 (37.9) 6 (20.0) 9 (30.0) 5(16.7) 0 (0.0)
Valleculae 8 (27.6) 11 (36.7) 18 (60.0) 21 (70.0) 10 (37.0)
Hypopharynx 1(3.4) 10 (33.3) 0 (0.0) 3(10.0) 17 (63.0)
Facedown posture
Total - 30 (100.0) 29 (100.0) - 30 (100.0)
Oral cavity - 5(16.7) 0 (0.0) - 1(3.3)
Upper oropharynx - 11 (36.7) 13 (44.8) - 9 (30.0)
Valleculae - 11 (36.7) 16 (55.2) - 19 (63.3)
Hypopharynx - 3(10.0) 0 (0.0) - 1(3.3)

Values are N (%).

a) Upright position

LQ-nc
(Oral cavity)

LQ-chew
(Hypopharynx)

b) Facedown position

LQ-chew
(Valleculae)

(Valleculae)

(Valleculae)

MX

(Hypopharynx)

— _
(Valleculae)

Table 2. The median and (interquartile intervals) (s) in recordings for each food condition

Fig. 2. Example of VFG images at
swallow onset in various recordings.
Upper row, subject upright; lower
row, subject facedown. For
consistency, the image for the
facedown position is rotated 90° in
this illustration. Arrow shows the
leading edge of the barium. With
subject upright, for LQ, the leading
edge was in the oral cavity at swallow
onset without chewing but in the
hypopharynx with chewing. With
MX, the leading edge entered the
hypopharynx at swallow onset. With
subject facedown, for all foods, the
leading edge was in the valleculae at
swallow onset and not in the
hypopharynx. LQ-nc = liquid
without chewing, LQ-chew = liquid
with chewing, CB = corned beef
hash, MX = a mixture of liquid and
corned beef hash.

Liquid no chewing

Liquid with chewing

Corned beef hash

Cookie

Mixture

Upright
Processing
PFAT
VAT
HTT

Facedown
Processing
PFAT
VAT
HTT

1.54 (0.82-5.49)
0.23 (0.10-0.40)
0.06 (0.04-0.11)
0.46 (0.40-0.53)

3.86 (1.38-7.03)
0.46 (0.13-1.42)
0.10 (0.04-1.84)
0.52 (0.45-0.65)

3.29 (1.42-5.17)
0.47 (0.12-1.32)
0.07 (0.03-1.08)
0.51 (0.49-0.58)

6.93 (4.80-10.0)
1.86 (0.46-4.89)
0.72 (0.07-1.72)
0.48 (0.40-0.54)

7.27 (3.93-10.6)
3.57 (1.42-5.91)
0.10 (0.07-2.65)
0.44 (0.39-0.50)

12.8 (7.45-16.T)
2.09 (0.79-4.90)
1.07 (0.13-3.08)
0.47 {0.43-0.60)

2.57 (1.53-5.31)
0.67 (0.13-1.23)
0.80 (0.30-1.57)
0.86 (0.47-1.93)

3.99 (2.43-6.61)
1.16 (0.26-3.08)
0.59 (0.03-2.29)
0.50 (0.47-0.54)
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a) Upright position
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Liquid
no chewing 0 Processing 1N
- O var
Liquid
with chewing W 1y I ' [ F
Comed beef hash [ | ]
Cookie | | ] . .
Fig. 3. Timelines showing the mean
. duration for each interval of the
Mixture j L [ 1 feeding sequences for each food with
subject (a) upright and (b) facedown.
20 15 10 s 0 Time 0 is swallow onset. (a) In the
Time (sec) upright position, with chewing CB or
» CO, total duration was longer than
b) Facedown position for the other foods because of the
Liquid initial consistency, and swallow onset
s o . TR was during VAT. With chewing LQ
: i and MX, swallow onset occurred
Corned beef hash o I I dur{r%g HTT. (b) In the facedown
: position, for all foods, swallow onset
. : was during VAT for all foods.
Mixture § ‘ | | T PFAT = postfaucial aggregation
: time, VAT = vallecular aggregation
-20 -15 -10 5 o time; HTT = hypopharyngeal
Time (sec) transit time.
Table 3. Mixed-model ANOVA for the each interval in the sequence with logarithmic transformation
Processing PFAT VAT HTT
F value p value Fvalue p value F value p value F value p value
Upright posture
Food 3224 < 0.001 10.05 < 0.001 5.39 0.001 9.10 < 0.001
Subject 3.46 < 0.001 145 0.162° 1.77 0.068 2.13 0.024
Food * Subject 0.79 0.815 1.92 0.005 2.14 0.001 2.19 0.001
Facedown posture
Food 12.35 < 0.001 13.50 < 0.001 0.64 0.537 6.13 0.006
Subject 221 0.036 4.57 < 0.001 2.51 0.019 1.49 0.177
Food * Subject 191 0.027 1.52 0.104 1.48 0.119 0.91 0.600
Table 4. Paired ¢ test: the difference in each interval comparing the upright and facedown postures
Processing PFAT VAT HTT
t value p value t value p value t value p value t value p value
Liquid with chewing 113 0.267 -0.17 0.865 -0.21 0.838 2.11 0.044
Corned beef hash -0.13 0.899 ~1.65 0.110 0.94 0.356 1.50 0.144
Mixture -1.11 0.276 -1.90 0.069 -0.31 0.762 3.56 0.001

was significantly shorter for LQ-chew (0.46 [0.13-1.4]
s) and MX (0.67 [0.13-1.23] s) than for CB (1.9 [0.46—
4.9] s) and CO (2.1 [0.79-4.9] 5). As with Processing,
PFAT duration was shorter for foods with liquid
phases, but in this case liquid without chewing had
the shortest duration. '

Valleculae aggregation time (VAT) duration
differed significantly among food conditions (p <
0.004) but not among subjects (p = 0.08). It was
significantly shorter for LQ-nc (0.06 [0.04-0.11] s)
than for LQ-chew (0.10 [0.04-1.8] s) or for the other
foods (CB, 0.72 [0.07-1.7] s; CO, 1.1 [0.13-3.1] s; MX
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a) Upright position
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b) Facedown position

Processing #
20.0 1 20.0 1
o # °
2 1501 2 150 £33
- “—
] Q
£ 10.0 1 £ 10.0
- =
5.0 1 5.0 1
0.0 0.0
LQ-nc cB MX LQ-chew CB MX
LQ-chew CO
PFAT 100 § 10.0 - *%
§ 8.0 4 § § 8.0 A
9 601 s . @ 6.0
Q Q
_g 4.0 - g 4.0 -
- : =
2.0 4 2.0 -
0.0 == 0.0 =
LQ-nc cB MX LQ-chew CB MX
LQ-chew cO
Fig. 4. The box-whisker plots for each
® food with subject onset (a) upright and
VAT | (b) facedown. The asterisks (* and **)
6.0 4 6.0 A indicate a statistically significant
—_ difference (p < 0.05 and p < 0.001,
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LQ-chew CO

0.80 [0.30-1.6] s). VAT duration was also signifi-
cantly shorter for LQ-chew than for CO. As with
Processing and PFAT, VAT duration was shortest
for liquid without chewing.

There were significant differences in hypo-
pharyngeal transit time (HTT) duration among foods

as in Figures 2 and 3.

(» < 0.001) and among subjects (p = 0.02). HTT
duration was significantly shorter for LQ-nc (0.46
[0.40-0.53] s) and CB (0.48 [0.40-0.54] s) than for
LQ-chew (0.52 [0.45-0.65] s), and was longer for MX
(0.86 [0.47-1.9] s) than for the other foods. This
pattern is quite different from the other intervals.
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HTT was generally longest for chewing with foods
that included a liquid phase (i.e., LQ-chew and MX).

Facedown Posture

In the facedown posture, the duration of Processing
varied significantly among foods (p < 0.001) and
among subjects (p = 0.03). It was significantly longer
for CB (7.3 [3.9-10.6] s) than for LQ-chew (3.3 [1.4~
5.2] s) or MX (4.0 [2.4-6.6] s). Processing duration
did not differ significantly between upright and
facedown postures (p > 0.26).

Duration of PFAT varied significantly among
foods (p < 0.001) and among subjects (p < 0.001). It
was significantly longer for CB (3.6 {1.4-5.9] s) than
for LQ-chew (0.47 [0.12-.3] s) or MX (1.2 [0.26-3.1]
s). There were significant differences among subjects
(p < 0.001) but not between LQ-chew and MX.
Comparing upright and facedown postures, there
were no significant differences (p > 0.06).

VAT duration did not differ significantly
among foods (p = 0.65), but there were significant
differences among subjects (p = 0.03). VAT duration
did not differ significantly between upright and
facedown postures for any food (p > 0.36).

There were significant differences in HTT
duration among foods (p = 0.01) but not among
subjects (p = 0.19). It was significantly longer for
LQ-chew (0.51 [0.49-0.58] s) than for CB (0.44 [0.39—
0.50] s; p= 0.006). HTT duration was significantly
longer in the upright than in the facedown position
for LQ-chew (p = 0.04) and MX (p = 0.01) but not
for CB (p = 0.14).

Timing of Swallow Onset

We measured the interval from start of HTT (the
moment that the leading edge of the barium entered
the hypopharynx) until the time of swallow onset
(defined as the start of rapid upward and forward
motion of the hyoid bone). In upright position, this
interval varied significantly among food conditions
(» < 0.001) and among subjects (p = 0.02). It was
significantly longer for MX than for any other food
(p < 0.001); there were no significant differences
among the other foods. On average, barium entered
the hypopharynx before swallow onset for MX
(-0.30 [-1.4 to + 0.17] s) but after swallow onset
with LQ-nc (0.10 [0.07-0.33] s), LQ-chew (0.07 [-0.02
to + 0.20] s), CB (0.27 [0.14-0.35] s), and CO (0.17
[0.13-0.27] s). The interval from start of HTT until
swallow onset was sometimes quite long. In one case
(with MX), HTT started 4.6 s before swallow onset.

In facedown posture, the interval from start of
HTT to swallow onset did not vary significantly
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among food conditions (p = 0.65) or among subjects
(»p = 0.76). On average, HTT started after swallow
onset for all three foods (LQ-chew, 0.13 {0.10-0.28] s;
CB, 0.20 {0.12-0.30] s; MX, 0.19 {0.10-0.27] s).

Comparing the two postures, the interval from
start of HTT to swallow onset was significantly
longer when subjects were facedown than upright for
LQ-chew (p = 0.012) and MX (p < 0.003), but
posture had no significant effect for CB.

Discussion

This study was the first to examine the effects of
chewing on swallowing liquids. When our subjects
swallowed after chewing, the leading edge usually
reached the oropharynx (liquids or solids) or the
hypopharynx (mixed consistency) before swallow
onset. These findings are consistent with earlier .
studies that showed that liquids (without chewing)
were generally held in the oral cavity until swallow
onset, while chewed solid food was propelled into the
pharynx significantly before swallow onset [1, 4, 7-9].
The instruction to chew liquids was unusual and may
have produced an idiosyncratic response. However,
mixed consistencies are consumed commonly as part
of a regular diet, so the observed findings more likely
reflected real-life behaviors.

The early movement of liquid barium from the
oral cavity to the pharynx during chewing was con-
sistent with loss of posterior tongue-soft palate con-
tact. As shown recently [9], the soft palate rises and
falls cyclically during chewing, moving upward as the
jaw opens. This periodic elevation of the soft palate
pulls it away from the tongue, allowing food to move
from the oral cavity into the pharynx. In this study
movement of liquid into the hypopharynx before
swallowing was dramatically reduced by placing
subjects in the facedown position, suggesting that
transport to the hypopharynx was largely caused by
gravity. Elevation of the soft palate during chewing
provided a route for bolus movement from the oral
cavity, but the flow was powered by gravity. An
alternative explanation for this phenomenon is that
the act of chewing inhibited swallow initiation, per-
mitting food to move further down into the pharynx
before a swallow response was elicited. Several stud-
ies reported that stimulation of the chewing area
of the fronto-orbital cortex and the lingual nerve
delayed or inhibited the swallowing reflex in sheep
[10, 11].

During feeding, chewed solid food is propelled
to the pharynx by an active process driven by action
of the tongue pressing against the palate [4, 3, §, 12].
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Our results support this model in that the leading
edge of the barium for chewed solid food (CB or CO)
was usually in the oropharynx (either in the upper
oropharynx or valleculae) at the time of swallow
onset and was not altered by facedown position.
Chewed solid food only rarely entered the hypo-
pharynx before swallow onset. We infer that the
chewed solid food was more viscous than liquid and
formed a cohesive bolus, so it was less likely to move
into the hypopharynx under the influence of gravity
[13].

Our findings imply that standards for evalu-
ating the timing of food transport and swallowing
must recognize the influence of food consistency and
chewing behavior. The concept of “delayed pharyn-
geal response” (failure to rapidly trigger a pharyngeal
swallow response when barium reaches the faucial
pillars) is commonly cited as evidence that swallow-
ing is abnormal [!4]. Both age and food consistency
can have effects on timing measures, as shown pre-
viously [4, 5, 7]. The present study shows that the act
of chewing may also influence the timing of food
transport and swallow initiation. We further suggest
that clinicians consider including two-phase foods,
which combine liquid and solid textures, in the eval-
uation of individuals with dysphagia, because the
pattern of food transport and swallowing is quite
different from that seen with other foods. The early
arrival of barium in the hypopharynx may put some
individuals at risk for aspiration when they consume
two-phase foods, because the larynx may be open
while a significant amount of liquid is in the hypo-
- pharynx. This is especially important for individuals
with impaired swallowing and reduced airway pro-
tective mechanisms.
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