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Abstract. We examined the potential influence of cold
stimulation of the anterior tonsillar pillars, before and
after topical anesthesia, on the temporal linkage between
the oral and pharyngeal components of the swallow. We
hypothesized that if elicitation of the pharyngeal swallow
were dependent upon stimulation of faucial mucosal re-
ceptors this response would be facilitated by cold tactile
stimulation and inhibited by topical anesthesia. In 14
healthy volunteers undergoing simultaneous videorad-
iography and manometry we measured and compared
regional transit and clearance times, and the timing of
hyoid motion, upper esophageal sphincter relaxation,
and opening within the swallow sequence. There was a
significant, volume-dependent forward shift in timings of
hyoid motion, upper esophageal sphincter (UES) relax-
ation profile, and opening which were influenced neither
by cold stimulation nor topical anesthesia. Regional tran-
sit and clearance times and UES coordination were not
influenced by cold stimulation. Pharyngeal clearance
time was prolonged by tonsillar pillar anesthesia due to
earlier arrival of the bolus head at this region
(p = 0.002). We conclude that the normal pharyngeal
swallow response is neither facilitated nor inhibited by
prior cold tactile stimulation or topical anesthesia to the
tonsillar pillars, respectively. These observations do not
support the hypothesis that elicitation of the pharyngeal
swallow response is dependent upon stimulation of mu-
cosal receptors in the tonsillar arches.
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It is not known whether the pharyngeal swallow response
is actually a triggered response (“‘reflex chain” hypothe-
sis) or whether the entire sequence, including the oral
phase, is programmed as a unit by the medullary swallow
center [1]. The pharyngeal swallow response is believed
to be initiated by stimulation of pharyngeal receptors in
the region of the anterior tonsillar pillars by the advanc-
ing bolus and the tongue via interneurons within the
medullary swallow center [1]. The anterior tonsillar pillar
region has been proposed to be one of the most sensitive
areas for triggering the pharyngeal swallow response [2]
but stimulation of a wide range of regional receptors is
capable of initiating the swallow response [3,4]. Afferent
input from oral-pharyngeal sensory receptors is therefore
likely to be important, not only in pharyngeal swallow
initiation but possibly in regulating the temporal relation-
ships among events during the swallow [5,6]

The sequence of motor events is not stereotyped
and can be modified by alterations in the characteristics
of the swallowed bolus such as volume or viscosity
[7-9]. Neurologically impaired individuals demonstrate
a delayed pharyngeal swallow response [10] which is
facilitated by cold, tactile stimulation of the anterior ton-
sillar fauces possibly by upregulating mucosal thermal
receptors [11]. These observations suggest that oropha-
ryngeal sensory receptors may influence the medullary
control of timing among swallow events and the linkage
of oral and pharyngeal components of the swallow. Our
aim in this study as to test the reflex chain hypothesis by
examining the temporal linkage between the oral and
pharyngeal components of the swallow by cold sensitiza-
tion followed by mucosal blockade of the putative oral-
pharyngeal receptive fields and to determine whether ma-
nipulation of faucial thermoreceptors influences the
temporal relationships among swallow events. We hy-
pothesized that cold tactile stimulation would facilitate,
and topical anesthesia would retard the pharyngeal swal-
Iow response.
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Methods

Subjects

We studied 14 healthy volunteers (age 40-74, mean 59 *+ 11 years)
recruited from the community by advertisement. All were carefully
screened and none had swallowing difficulties, medical illnesses, or
were taking any medication that could have affected swallow function.
Ethical approval was granted by Southern Sydney Area Health Service
Ethics Committee in 1991 and all subjects gave informed consent.

Videoradiography

Subjects were studied by a simultaneous combination of videoradiogra-
phy and manometry as previously described [12,13]. Briefly, subjects
were studied seated and images of barium swallows were recorded in
the lateral projections using a 9” Siemens image intensifier. Fluoro-
scopic images were recorded on videotape at 25 frames per sec by a
VHS video recorder (Panasonic, AG6500, Osaka, Japan) for later anal-
ysis. The correction factor for magnification was determined prior to
each study by placing two metallic markers set 3 cm apart in the field of
the image intensifier, above the subject’s head but in the plane of the
upper esophageal sphincter (UES). Subjects swallowed in duplicate 2
and 20 ml of high density barium suspension (250% wt/vol) (E-Z-HD,
E-Z EM Inc., Westbury, NY), delivered to the mouth by a syringe.
Included in the field of view were the incisor teeth anteriorly, hard
palate superiorly, cervical spine posteriorly, and proximal cervical
esophagus inferiorly. To enhance the fluoroscopic image, by prevent-
ing flaring, the subject held a water-filled latex glove loosely against the
skin under the chin. A purpose-built, video digital timer unit (Practel
Sales International, Holden Hill, South Australia) imprinted simulta-
neously the elapsed time on the video images in hundredths of seconds
and a signal on the pressure tracing each whole second, to give precise
temporal correlation of video images with pressure.

Manometry

The manometry catheter incorporated three solid state transducers
(Gaeltec, Dunvegan, Isle of Skye, Scotland) recording pharyngeal pres-
sures, and a sleeve assembly (Dentsleeve, Belair, South Australia)
measuring UES pressure. The solid state catheter (O.D. 2.3 mm) was
inlaid into a 6 lumen silicon rubber perfused manometric catheter (I.D.
each lumen, 0.51 mm, overall O.D. 6 mm). The sleeve assembly distal
to the transducers had a 5 X 3 mm oval cross-section to maintain its
anteroposterior orientation within the UES. The manometric assembly
was passed transnasally and all transducers and the sleeve orientated
posteriorly with the sleeve straddling the UES. The solid state transduc-
ers were spaced 3 cm apart with the middle transducer lying at the level
of the valleculae in the midpharynx and the distal transducer lying at the
upper margin of the sleeve in the distal pharynx, just proximal to the
UES at the time of maximal ascent during swallowing. Four perfused
sideholes spaced at 1.5 cm intervals in the pharynx with the distal
sidehole located 3 cm distal to the proximal sleeve margin, that is in the
midsleeve position, were used to position the sleeve such that its mid-
point was in the center of the UES high pressure zone at rest. Only the
distal two sideholes were perfused during formal swallow evaluation
and aided in accurate localization of the UES on the sleeve. The sleeve
assembly was perfused by a low compliance pneumohydraulic perfu-
sion system at 0.6 ml/min. UES pressures were registered by external
transducers (Spectramed Medical Products, Singapore), and all signals
were amplified and digitized at 200 Hz by preamplifiers (Neomedix
Systems, Sydney, Australia) and recorded on a Macintosh II com-

puter (Apple, USA) using Gastromac software (Neomedix Systems,
Sydney, Australia).

Experimental Protocol

Swallows in each subject were recorded sequentially under four experi-
mental conditions in the following order: (1) controi, (2) cold stimula-
tion of the anterior tonsillar pillars, (3) topical anesthesia to anterior
tonsillar pillars, (4) cold stimulation following topical anesthesia to
anterior tonsillar pillars. Cold stimulation to the anterior tonsillar pillars
was administered by lightly touching the area with the base of an iced,
size 00 laryngeal mirror for a total duration of 5 sec as described
previously [11,14]. Mucosal anesthesia to the anterior tonsillar pillars
was achieved with topical 2% Xylocaine Viscous (Astra Pharmaceuti-
cals, Sydney, Australia) using a cotton-tipped applicator. The adequacy
of anesthesia was confirmed by the absence of touch sensation to light
contact with a probe. '

Data Analysis

The definitions of the timing of swallow events were referenced to the
initial movement of the tongue tip against the posterior surface of the
maxillary incisors indicating the onset of the oral phase of the swallow.
Pharyngeal events were also referenced to the arrival of the bolus head
at the posterior tonsillar pillar as this represents the onset of one of the
presumptive stimuli that might initiate the pharyngeal swallow re-
sponse. Oral transit time was defined radiologically as the time interval
between the onset of the oral phase and the arrival of the bolus tail at the
posterior tonsillar pillar. Pharyngeal transit time was the interval be-
tween the passage of the bolus tail at the posterior tonsillar pillar and
UES closure. Pharyngeal clearance time was defined as the interval
from the first entry of the bolus head into the pharynx at posterior
tonsillar pillar until UES closure. UES opening, closure, and duration
of UES flow were defined fluoroscopically [7]. UES relaxation onset
was defined as the time point when the basal UES pressure began to fall
abruptly. Maximum UES relaxation was defined as the point in time
when the UES relaxation profile ceased to fall rapidly and levelled off.
Because the proximal sleeve margin projects into the hypopharynx, the
sleeve prematurely registers the apparent termination of UES relaxation
[15]. Accordingly, UES relaxation termination was measured from the
tracing recorded by the sidehole 1.5 cm distal to the proximal sleeve
margin which was seen fluoroscopically to lie within the UES at the
time of sphincter closure. Maximal UES dimensions during sphincter
opening were measured fluoroscopically in the sagittal plane [12]. We
measured the onset of superior and anterior motion of the hyoid and
larynx as well as timing of peak antero-superior motion of these struc-
tures. Peak pharyngeal contraction amplitude and wave duration were
measured from the manometric tracings of the two distal solid state
transducers positioned in the hypopharynx and the midpharynx.

Duplicate values for each subject were averaged before calcula-
tion of group mean data for each volume swallowed. Statistical infer-
ences were made regarding the bolus volume effect, cold effect, anes-
thesia effect, cold/volume interaction, and anesthesia/volume
interaction using a two-way mixed design analysis of variance
(ANOVA) for repeated measures [16]. All values are represented as
mean = SEM unless stated otherwise.

Results

There was a significant volume-dependent forward shift
in the timing of events culminating in UES opening (hy-
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Table 1. Timing of swallow events in reference to the onset of tongue tip motion at maxillary incisors

Statistical comparisons

Tonsillar pillar treatment Cold stimulation Anesthesia

Volume Cold Volume  Cold Vol/Cold Volume  Anesthesia Vol/Anesth,
Variable (ml) Control stimulation Anesthesia effect (p) effect (p) interaction (p) effect (p) effect (p)  effect (p)
Bolus head arrives 2 024=002 022003 021+0.02 0.001 NS NS 0.001 0.04 NS
posterior tonsillar pillar 20 0.00 = 0.04 -0.02x0.05 -0.05+0.04
Anterior hyoid onset 2 0.31 £ 0.05 0.32 £ 0.03 0.33 £ 0.05 0.0001 NS NS 0.007 NS NS

20 0.15+0.02 0.13+0.03  0.20  0.04
Anterior laryngeal onset 2 0.42 = 0.04 0.46 + 0.03 0.42 £ 0.06 0.0001 NS NS 0.0007 NS NS

20 021003 021 =003 0.26 = 0.05
Epiglottal closure 2 051005 058+004 052x006 00002 NS NS 0.007 NS NS

20 0.31+0.04 024+005 034+0.08
Soft palate elevation 2 0.09+0.04 0.06=005 —0.03=005 00001 NS NS 0.001 NS NS
onset 20 ~-0.16 = 0.05 -0.21=0.06 —0.22*0.07
Soft palate elevation 2 0.22 £ 0.04 0.26 = 0.05 0.15+0.05 0.0005 NS NS 0.002 NS NS
complete 20 0.02 +0.05 -0.05+0.07 0.04 = 0.06
UES relaxation onset 2 0.43 = 0.04 0.47 = 0.03 0.44 + 0.05 0.0001 NS NS 0.0001 NS NS

20 0.16 £0.05 0.10£004  0.19 £ 0.06
UES relaxation 2 0.57=0.04 055005 0.57x004 00001 NS NS 0.0001 NS NS
maximum 20 0.30 + 0.05 0.24 = 0.03 0.30 = 0.06
UES open 2 058005 060004 0.64=005 00001 NS NS 0.0001 NS NS

20 0.33£0.03 032=003 033003
UES closure 2 1.06 006 112004 1.10+004 NS NS NS NS NS NS

20 095=003 097004 0.97 +0.03
Values: X = SEM.
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(Table 1, Fig. 1).

Regional transit times, pharyngeal clearance
time, and total swallow duration were not influenced
significantly by swallowed bolus volume or cold stimula-
tion (Table 2). Following topical anesthesia to anterior
tonsillar pillars, pharyngeal clearance time was pro-
longed significantly for 2- and 20-ml boluses, respec-
tively (0.82 vs. 0.91 sec; 0.95 vs. 1.06 sec; p = 0.002).
From Figure 2 it can be seen that this effect is a conse-
quence of earlier entry of the bolus head into the orophar-
ynx whereas the onset of the pharyngeal swallow re-
sponse and overall swallow duration are unchanged.

Following topical anesthesia to the anterior ton-
sillar pillars there is a significant prolongation in the time
interval between the arrival of the head of the bolus at the
posterior tonsillar pillars and onset of anterior hyoid mo-
tion (p = 0.03), UES opening (p = 0.01), and UES clo-
sure (p = 0.002) (Fig. 3). The earlier arrival of the bolus
head at the tonsillar pillars under conditions of anesthesia

TIME (seconds)

Fig. 1. The effects of cold stimulation and anterior tonsillar anesthesia
on coordination of UES relaxation and opening referenced to the initial
motion of the tongue tip at the incisors. Data shown here are group
mean timings in response to a 2 ml bolus. Arrows under the stylized
manometric profile of UES pressure represent UES relaxation onset,
maximum relaxation, and relaxation offset (stated in the methods). The
black bar represents the interval or barium flow across the UES deter-
mined radiologically. Neither cold stimulation nor anterior tonsillar
pillar anesthesia influenced the timing of hyoid movement, UES relax-
ation profile, opening, closure, and duration of flow. SHO, superior
hyoid onset; AHO, anterior hyoid onset; AHP, anterior hyoid peak.

accounts for prolongation in these intervals whereas the
onset of the pharyngeal phase was not delayed by anes-
thesia (Fig. 2). Topical anesthesia did not influence the
coordination of UES relaxation and opening when refer-
enced to bolus head arrival at the tonsillar pillars (Fig. 3).

Peak amplitudes of peristaltic waves in the mid-
pharynx were neither influenced significantly by bolus
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Table 2. Regional transit times and pharyngeal clearance times
Statistical comparisons
Tonsillar pillar treatment Cold stimulation Anesthesia
Regional transit/ Volume Cold Volume Cold Vol/Cold Volume Anesthesia ~ Vol/Anesth.
clearance times (ml) Control stimulation Anesthesia effect (p)  effect (p) interaction (p) effect (p)  effect (p) effect (p)
Oral transit 2 042004 048+003 046004 NS NS NS NS NS NS
20 0.37 £0.02 037003 040=x0.03
Pharyngeal transit 2 0.64 £0.03 0.64+0.03 064+0.03 NS NS NS NS NS NS
20 0.57 £0.02 060 *0.03 0.60+0.02
Pharyngeal clearance 2 0.82+0.04 089+0.04 091+004 0047 NS NS 0.009 0.002 NS
20 0.95+0.03 099005 1.06=+0.05
Values: X = SEM.
Table 3. Temporal measures in reference to the arrival of the head of the bolus at the posterior tonsillar pillar
Statistical comparison
Tonsillar pillar treatment Cold stimulation Anesthesia
Volume Cold Volume  Cold Vol/Cold Volume  Anesthesia Vol/Anesth.
Variable (ml) Control stimulation  Anesthesia effect (p) effect (p) interaction (p) effect (p) effect (p)  interaction (p)
Anterior hyoid onset 2 0.07 £ 0.04 0.10+0.03 0.13£0.05 NS NS NS NS 0.03 NS
20 0.15+0.04 0.16=0.06 0.26 +0.06
Anterior laryngeal peak 2 043 £0.05 0.51+004 045x0.07 NS NS NS NS NS NS
20 0.49 £0.03 0.51 %005 0.61 £0.06
Epiglottal closure 2 0.27 £0.04 0.35*0.04 033+0.08 NS NS NS NS NS NS
20 0.30 £0.04 0.27x0.05 0.42=£0.08
Tail at tonsillar pillar 2 0.28 +0.06 0.28 =003 029=*0.04 NS NS NS 0.03 NS NS
20 0.38 £0.02 039 =005 0.45=0.04
UES open 2 0.34 £0.03 0.38=0.04 0.43 £0.05 NS NS NS NS 0.01 NS
20 0.33 £0.02 0.34 =0.05 0.39 £0.04
UES relaxation onset 2 0.19*+0.04 0.26=0.04 025*005 NS NS NS NS NS NS
20 0.20 £0.05 0.20=0.05 0.26£0.05
UES relaxation maximum 2 0.32+0.03 038+0.04 039+005 NS NS NS NS NS NS
20 033 +0.05 0.31+005 0.38=+0.04
UES relaxation offset 2 0.73 £0.04 0.81 20.04 0.81=x0.04 NS NS NS 0.03 NS NS
20 0.87 £0.03 0.87+0.05 0.90+0.05
UES closure 2 0.82£0.04 0.89x0.04 091004 NS NS NS 0.01 0.002 NS
20 0.95+0.03 0.99=0.05 1.06+0.05

Values: X = SEM.

volume nor by any of the three experimental conditions
(Fig. 4). The statistically significant volume-dependent
increase in sagittal and transverse UES diameters
(p = 0.0001) was not influenced by cold stimulation or
anesthesia.

Discussion

The major findings of this study are that neither cold
stimulation nor local mucosal receptor blockade of the
anterior tonsillar pillars influence the temporal relation-
ships among the motor events of the normal pharyngeal
swallow, suggesting that elicitation of the normal pha-
ryngeal swallow response is not mediated by mucosal
sensory receptors at the anterior tonsillar pillars. These
findings do not support the reflex chain hypothesis that
the pharyngeal response is a “triggered” reflex dependent

on faucial mucosal sensory receptors. Pharyngeal clear-
ance was prolonged with topical anesthesia and was ac-
counted for by the early arrival of the bolus head into the
pharynx (“pre-swallow spill” phenomenon). This effect
may relate to the earlier motion of the bolus head in the
context of impaired sensation in the region of the tonsillar
pillars thereby influencing the integrity of the glossopal-
atal sphincter in the predeglutitive control of the bolus.
Because the preswallow spill was not associated with
pharyngeal swallow response, there was no change in
timing of swallow events when referenced to the onset of
the swallow. Although the preswallow spill has been
perceived to indicate a delayed pharyngeal swallow re-
sponse, it may represent the inability of the oral cavity to
adapt to a larger volume [17]. A significant proportion of
normal swallows has been shown to occur after the head
of the bolus passes the anterior tonsillar pillars, indicat-
ing that induction of a reflex swallow may involve stimu-
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Fig. 2. Effect of cold stimulation and anterior pillar anesthesia on
regional transit and clearance times for 2 ml barium bolus. There is no
significant difference in oral and pharyngeal transit or pharyngeal clear-
ance with cold stimulation. Note that pharyngeal clearance was pro-
longed under conditions of anterior tonsillar anesthesia (p = 0.002) due
to earlier arrival of bolus head at posterior tonsillar pillars.
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Fig. 3. Effect of regional anesthesia on the pharyngeal-UES coordina-
tion. Shown here schematically are group mean timings in response to 2
ml barium swallows. In this case, timings are in reference to the timing
of the arrival of bolus head at posterior tonsillar pillars. Cold stimula-
tion did not significantly influence pharyngo-sphincteric coordination.
The only significant findings were a delay in onset of anterior hyoid
motion (p = 0.3), UES opening (p =0.1), and UES closure
(p = 0.002) following anterior tonsillar pillar topical anesthesia. Com-
parison of these data with Figure 2 confirms that this observation is due
to earlier arrival of the bolus head at the tonsillar pillars rather than to
any alteration in UES function brought about by anesthesia.

lation of a broad zone within the pharynx rather than a
stereotyped response to a focal stimulus [18,19].

It is widely believed that the pharyngeal swallow
response is a triggered reflex and the normal oropharyn-
geal swallow sequence is influenced by sensory input [1].
The importance of afferent input is demonstrated by the
inability to sustain repetitive swallows at the same rate
after a few swallows {6,20] and elicitation of a complete
swallow entirely by peripheral stimulation of the superior
laryngeal nerves [21,22]. Though stimulation of the mu-
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Fig. 4. Peak amplitude of midpharyngeal contraction pressure waves
were not influenced by bolus volume, cold stimulation, or anterior
tonsillar topical anesthesia.

cosa of the palate, uvula, epiglottis [2], and laryngophar-
ynx [3] have been identified as trigger sites for swallow
elicitation, the anterior tonsillar pillars are the most con-
sistent {23] and most sensitive site for triggering the
swallow reflex {2]. A range of stimulus types can elicit a
normal swallow including liquids, light touch, and pres-
sure [2] and cold stimulation apparently reduces pharyn-
geal swallow response in stroke patients [11]. Despite the
above evidence for an important role of afferent input in
swallow control, the entire oral-pharyngeal sequence can
be elicited centrally [24-31], and we have shown that the
normal swallow can be elicited despite complete mucosal
anesthesia to oral/pharyngeal mucosa [32]. Therefore,
afferent input may have more influence over swallow
coordination than elicitation of its component parts. For
example, bolus-volume and viscosity-dependent alter-
ation in timing is likely to be mediated by sensory recep-
tors [7,8,15]. Hence, our aim was to determine whether
attempted upregulation or inhibition of putative receptors
in the transitional zone (tonsillar pillars) would influence
the hypothesized sensory-mediated linkage between oral
and pharyngeal phases.

Our findings certainly rule out any role of mu-
cosal thermal receptors playing a major role in elicitation
of the normal pharyngeal swallow response. Other hu-
man clinical studies, with findings consistent with ours,
in patients [33] and healthy volunteers [34] also support
the notion that thermal receptors in this region are not
important in this response. The finding by Lazzara et al.
[11] that cold/tactile stimulation did facilitate the pharyn-
geal response may be due to local stimulation of receptors
other than thermosensitive receptors. It is possible that
the discrepancy among these studies is due to some effect
of touch or pressure from the laryngeal mirror and not the
cold per se. The inability to facilitate an earlier pharyn-
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geal response in our study could indicate that healthy
swallow is primed for minimal oral-pharyngeal latency
and cannot be improved upon. Although we used the
technique of stimulation as described previously [11,14],
it is possible that to demonstrate any effect in normal
swallowing, the stimulus duration of 5 sec may be too
brief. However, cold is also nociceptive [35], and pro-
longed stimulation may induce nociceptive receptors
rather then cold receptors. Although subjects in our study
were older, it is unlikely that the lack of response to cold
stimulation was influenced by aging. Oral sensation in
general is retained with aging, showing only slight de-
cline in tactile, vibratory, and stereognostic sensation but
no decline in thermal sensation or proprioception after
the age of 80 [36]. The absence of effect in our study is
unlikely to be due to lack of cold receptors because cold
receptors have been identified in the tongue, oropharynx,
and nasopharynx [35,37] and our subjects perception of
the stimulus was abolished by Xylocaine. Although there
is evidence of temperature-sensitive receptor fields in the
orolingual somatosensory cortex [35], it is possible that
thermal pathways are poorly represented in the medullary
swallow center. Regions of the nucleus tractus solitarius
which integrate sensory information from the oral cavity
and epiglottis are more responsive to a moving mechani-
cal stimuli then to a focal stimuli, and least sensitive to
thermal stimuli [37]. These neurons rarely respond exclu-
sively to thermal stimulus.

The exact mechanism by which cold stimulus fa-
cilitates disordered swallowing [14,38] is unknown.
However, cold is known to decrease spasticity in hemi-
plegic and quadriplegic patients [39] possibly by slowing
motor and nerve conduction [40] and enhances muscle
activity [41-43].

Our findings suggest that cold-sensitive or tactile
oropharyngeal mucosal receptors do not play a key role in
the temporal regulation of the normal pharyngeal swal-
low response. The lack of effect of cold stimulation in
our study does not rule out the possibility that the pharyn-
geal swallow could be elicited by stimulation of deeper
mechanoreceptors which have been identified in the
palatopharyngeal region [44,45]. It also remains to be
proven whether the entire oral-pharyngeal sequence is a
preprogrammed response mediated centrally by the med-
ullary swallow center.

Acknowledgments. This study was supported by a project grant from the
NH&MRC Australia. Dr. Ali is a recipient of an NH&MRC Australia
Postgraduate Research Scholarship.

References

1. Miller A: Deglutition. Physiol Rev 62:129-184, 1982
2. Pommerenke W: A study of sensory areas cliciting the swallow
reflex. Am J Physiol 84:36-41, 1928

10.

13.

19.

20.

21.

22.

23.

24.

25.

Miller F, Sherrington C: Some observations on the bucco-pha-
ryngeal stage of reflex deglutition in the cat. Q J Exp Physiol
9:147-186, 1916

Sinclair W: Role of the pharyngeal plexus in initiation of swal-
lowing. Am J Physiol 221(5):1260-1263, 1970

Miller A: Significance of sensory inflow to the swallowing re-
flex. Brain Res 43:147-159, 1972

Mansson I, Sandberg N: Salivary stimulus and swallowing re-
flex in man. Acta Otolaryngol 79:445-450, 1975

Cook 11, Dodds W], Dantas RO, Kern MK, Massey BT, Shaker
R, Hogan WIJ: Timing of videofluoroscopic, manometric
events, and bolus transit during the oral and pharyngeal phases
of swallowing. Dysphagia 4:8-15, 1989

Dantas R, Kern M, Massey B, Dodds W, Kahrilas P, Brasseur
J, Cook I, Lang I: Effect of swallowed bolus variables on oral
and pharyngeal phases of swallowing. Am J Physiol 258(Gas-
trointest Liver Physiol 21):G675-G681, 1990

Jacob P, Kahrilas P, Logemann J, Shah V, Ha T: Upper esoph-
ageal sphincter opening and modulation during swallowing.
Gastroenterology 97:1469-1478, 1989

Veis S, Logemann J: Swallowing disorders in persons with cere-
brovascular accident. Arch Phys Med Rehabil 66:372-375, 1985
Lazzara G, Lazarus C, Logemann J: Impact of thermal stimula-
tion on the triggering of the swallow reflex. Dysphagia 1:73-77,
1986

Cook 1J, Dodds WJ, Dantas RO, Massey B, Kern MK, Lang
IM, Brasseur JG, Hogan WI: Opening mechanisms of the hu-
man upper esophageal sphincter. Am J Physiol 257:G748—
G759, 1989

Cook 1J, Gabb M, Panagopoulos V, Jamieson GG, Dodds WJ,
Dent J, Shearman DJ: Pharyngeal (Zenker’s) diverticulum is a
disorder of upper esophageal sphincter opening. Gastroenterol-
ogy 103:1229-1235, 1992

Logemann JA: Evaluation and Treatment of Swallowing Disor-
ders. San Diego: College Hill Press, 1983

Kahrilas PJ, Dodds WJ, Dent J, Logemann JA, Shaker R: Upper
esophageal sphincter function during deglutition. Gastroenterol-
ogy 95:52-62, 1988

Bruning JL, Kintz BL: Computational Handbook of Statistics,
2nd ed. Illinois: Scott, Foresman and Co, 1977

Bucholz D, Bosma J, Donner M: Adaptation, compensation and
decompensation of the pharyngeal swallow. Gastrointest Radiol
10:235-239, 1985

Linden P, Tippett D, Johnston J, Siebens A, French J: Bolus
position at swallow onset in normal adults: preliminary observa-
tions. Dysphagia 4:146-150, 1989

Palmer J, Rudin N, Lara G, Crompton A: Coordination of mas-
tication and swallowing. Dysphagia 7(4):187-200, 1992
Mansson I, Sandberg N: Oro-pharyngeal sensitivity and elicita-
tion of swallowing in man. Acta OQtolaryngol (Stockh) 79:140—
145, 1975

Sinclair W: Initiation of reflex swallowing from the naso- and
oropharynx. Am J Physiol 218(4):956-959, 1971

Storey A: Laryngeal initiation of swallowing. Exp Neurol
20:359-365, 1968

Doty R: Influence of stimulus pattern on reflex deglutition. Am J
Physiol 66:142-151, 1951

Valdez D, Salapatek A, Niznik G, Linden R, Diamant N: Swal-
lowing and upper esophageal sphincter contraction with trans-
cranial magnetic-induced electrical stimulation. Am J Physiol
264(27):G213-G219, 1993

Doty RW: Neural organization of deglutition. In: Code CF,
(ed.): Handbook of Physiology, Alimentary Canal, Sect 6, Vol 4.
Washington DC: American Physiology Society, 1968, pp 1861—
1902



26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

Jean A, Car A: Inputs to the swallowing medullary neurones
from the peripheral afferent fibers and the swallowing cortical
area. Brain Res 178:567-572, 1979

Miller A, Bowman J: Precentral cortical modulation of mastica-
tion and swallowing. J Dent Res 56:1154-1159, 1977

Miller A: Characteristics of the swallowing reflex induced by
peripheral nerve and brain stem stimulation. Exp Neurol
34:210-222, 1972

Car A, Jean A, Roman C: A pontine primary relay for ascending
projections of the superior laryngeal nerve. Exp Brain Res
22:197-210, 1975

Sumi T: Role of reticular formation in the neural organization of
deglutition. Jpr J Physiol 22:295-314, 1972

Jean A: Control of the central swallowing program by inputs
from the peripheral receptors. A review. J Auton Nerv Syst
10:225-233, 1984

Ali G, Laundl T, Shaw D, de Carle D, Cook I. Are mucosal
receptors important in the control of pharyngeal and UES func-
tion during swallowing? Gastroenterology 140:A469, 1993
Rosenbek J, Robbins J, Fishback B, Levine R: Effects of ther-
mal application on dysphagia after stroke. J Speech Hear Res
34:1257-1268, 1991

Knauer C, Castell J, Dalton C, Nowak L, Castell D: Pharyngeal/
upper esophageal sphincter pressure dynamics in humans: ef-
fects of pharmacologic agents and thermal stimulation. Dig Dis
Sci 35:774-780, 1990

Yamamoto T, Yuyama N, Kawarmura Y: Cortical neurons re-

36.

37.

38.

39.

40.

41.

42.

43.

44.

45.

G.N. Ali et al.: Cold Stimulation and Swallowing

sponding to tactile, thermal and taste stimulations of the rat
tongue. Brain Res 221.:202-206, 1981

Calhoun K, Gibson B, Hartley L, Minton J, Hokanson J: Age-
related changes in oral sensation. Laryngoscope 102:109-116,
1992

Sweazy R, Bradley R: Responses of neurons in lamb nucleus
tractus solitarius to stimulation of the caudal oral cavity and epi-
glottis with different stimulus modalities. Brain Res 5480:133—
150, 1989

Heimlich H: Rehabilitation after stroke. Ann Otol Rhinol Laryn-
gol 92:357-359, 1983

Miglieta O: Evaluation of cold in spasticity. Am J Phys Med
41:148-151, 1962

Olsen J, Stravano V: A review of cryotherapy. Phys Ther
51(8):840-853, 1972

Bawa P, Mekjavic I, Calanicie B: Effect of core cooling on short
and long latency response. Brain Res 264:320-322, 1983
Christensen L, Mohamed S: Effects of topical cooling on iso-
metric contraction of the human masseter muscle. Arch Oral
Biol 29(8):635-639, 1984

Barnes W: Effects of heat and cold application on isometric
muscular strength. Percept Mot Skills 56:886, 1983

Kuehn D, Templeton P, Maynard I: Muscle spindles in the
velopharyngeal musculature of humans. J Speech Hear Res
33:488-493, 1990

Liss J: Muscle spindles in the human levator veli palatini and
palatoglossus muscle. J Speech Hear Res 33:736-746, 1990



