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Abstract. This study investigated the swallowing physi-
ology of toddler-aged patients with long-term tracheos-
tomies. Structural movements and motility of the pha-
ryngeal stage of swallowing were studied in four toddlers
ranging in age from 1:2 (years:months) to 2:9 with long-
term tracheostomies. A patient aged 1:2 years with no
tracheostomy served as a toddler model for comparison.
Videofluoroscopic recordings of the patients’ liquid and
puree bolus swallows were analyzed for a) onset times
for pharyngeal stage events, laryngeal vestibule closure,
and tracheostomy tube movement; b) timeliness of swal-
low response initiation; and c) pharyngeal transport func-
tion. Results found differences in timing of pharyngeal
stage movements between the tracheostomized patients
and the patient with no tracheostomy. Laryngeal vesti-
bule closure occurred before or within the same 0.033-s
video frame as onset of upper esophageal sphincter
(UES) opening in the patient with no tracheostomy, but
occurred 0.033–.099 s after onset of UES opening in the
tracheostomized patients. The time line required to close
the laryngeal vestibule once the arytenoids began their
anterior movement was longer in the tracheostomized
patients than in the patient with no tracheostomy and was
associated with laryngeal penetration. The patient with
no tracheostomy displayed superior excursion of the ary-
tenoid and epiglottis during the swallowing; the trache-
ostomized patients did not. No association was found
between onset of tracheostomy tube movement and la-
ryngeal vestibule closure. Delayed swallow response ini-
tiation was observed across tracheostomized patients at a
mean frequency of 45% with associated penetration.
Pharyngeal dysmotility was not observed. Findings sup-

ported the concept that long-term tracheostomy in tod-
dler-aged patients affects swallowing physiology.
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Historically, tracheostomy in pediatric patients was used
as a life-saving measure and for children with end-stage
disease. Because of advances in medicine and technol-
ogy, tracheostomy is now used earlier to prevent respi-
ratory failure and pulmonary disease and to improve
quality of life [1]. The increased number of tracheosto-
mies in patients under the age of 2 years supports this
statement [2,3], with a yearly increase in pediatric tra-
cheostomies estimated as high as 2600 [4].

The effect of tracheostomy on laryngeal function
as it relates to phonation is well-known and readily un-
derstood. Young pediatric patients with tracheostomy,
especially those placed during the prelinguistic stage of
development, display language delays and speech defi-
cits during and after cannulation [5–9]. Tracheostomy in
adult patients has been found to affect not only phonation
but also swallowing physiology with the primary effect
on the pharyngeal stage [10]. Pharyngeal stage swallow-
ing deficits attributed to tracheostomy in adult patients
include altered protective glottic closure response [11],
diminished elevation and anterior rotation of the larynx
[12], delayed swallow response initiation [13], shortened
duration of glottic closure [14], and loss of subglottic air
pressure [15].

Swallowing problems in infants and young chil-
dren with tracheostomies have been recognized in the
literature [3,4,16–19], but there are no published research
studies of swallowing physiology addressing this patient
population. Underlying medical conditions and reasons

Correspondence to:Suzanne Abraham, Ph.D., Department of Otolar-
yngology, Green Medical Arts Pavilion, 3rd Floor, Montefiore Medical
Center, 111 East 210th St., Bronx, NY 10467, USA

Dysphagia 15:206–212 (2000)
DOI: 10.1007/s004550000029

© Springer-Verlag New York Inc. 2000



for tracheostomy confound studies of swallowing physi-
ology in patients with tracheostomies who are in their
early, developmental years. However, Rosingh and Peek
[20] reported 91% of their 36 tracheostomized infant
patients had swallowing disorders with only half attrib-
uted to underlying neurological or anatomic deficits. The
purpose of this preliminary study was to investigate the
timing of structural movements and motility of the pha-
ryngeal stage of swallowing in a small, select group of
toddler-aged patients whose larynges were perturbed by
long-term tracheostomy cannulas.

Methods and Materials

Patients

Patients included 4 toddlers, 1 female and 3 males, ages 1:2 (years:
months), 1:3, 2:2, and 2:9, who had long-term tracheostomies. Average
time since cannulation was 15 months (range4 11–20 months) (Table
1). Another patient aged 1:2 years who had no tracheostomy served as
our toddler model of swallowing physiology. The tracheostomized pa-
tients in our study were selected from a larger pool of pediatric patients
with tracheostomies followed prospectively through the Little Tykes
with Trachs Program, Department of Otolaryngology, Montefiore
Medical Center, Bronx, NY, and had been referred to the program for
determining their candidacy for use of the Passy Muir valve (Passy
Muir, Inc., Irvine, CA). The goal of subject selection was to rule out,
as best as possible, pharyngeal stage dysphagia secondary to the pa-
tients’ primary etiologies and indication for tracheostomy (Table 1).
Patient A aged 1:2 years and Patient B aged 1:3 years had tracheosto-
mies placed for prolonged intubation after corrective cardiac surgery.
They were weaned from mechanical ventilation at ages 5 and 13
months, respectively. Patient C aged 2:2 years required tracheostomy to
provide an airway because of vocal cord paresis after corrective cardiac
surgery. Resolution of vocal cord paresis was confirmed by direct
laryngoscopy at age 1:10 years. Patient D aged 2:9 years had a trache-
ostomy placed to provide an airway because of obstructive sleep apnea.
The latter was secondary to sphincteric constriction of the pharynx
during vigorous respiration which subsequently resolved as confirmed
by nasopharyngoscopy at age 1:11 years. The tracheostomized patients
were neither self-occluding nor wearing any device on the hub of their
tracheostomy tubes at the time of this study. Patients A and B had no
audible phonation with or without occlusion of the cannula by the
examiner; patients C and D had scant, intermittent audible phonation
without occlusion of the cannula. The tracheostomized patients used
gestures to communicate their needs and wants, with patients B, C, and
D also having a small corpus of manual signs. Gross motor skills of the
tracheostomized patients included head and trunk control, independent
sitting, and either cruising or walking. The problem-solving skills [21]
of patients A and B were at 1 year developmentally; patients C and D
demonstrated problem-solving skills at 1:9 and 2:3 years, respectively.
None of the tracheostomized patients were diagnosed with mental re-
tardation, cerebral palsy, or the Robin sequence.

The patient with no tracheostomy, who served as our toddler
model, had been referred to the Pediatric Swallowing Program, Oto-
laryngology Faculty Practice, Montefiore Medical Center, as a compo-
nent of her comprehensive workup through the Department of Pediat-
rics to explain three months of diminished oral intake with refusal-to-
feed behaviors. This patient’s bone age was within normal limits as

were her neurological and linguistic levels. Her feeding problem was
found to be environmentally based and was subsequently remediated.

All 5 patients were oral-only feeders on bottle feeds of thin
liquids, spoon feeds of purees, soft chewables, and finger foods in the
home. The parents reported no difficulties swallowing liquid from a
bottle or puree from a spoon, but the tracheostomized patients occa-
sionally gagged on chewables. The tracheostomized patients’ nonin-
strumental clinical swallowing examinations were remarkable for ab-
sent or severely reduced laryngeal movement palpated on bolus swal-
lows, secretion build up with accumulation at the level of the larynx
and trachea on intake of oral feeds, and no reflexive cough to clear
except when suctioned through the cannula.

Videofluoroscopic Swallowing Procedure

All patients were examined under videofluoroscopy. Half-inch VHS
video recordings of the fluoroscopic images of the oral and pharyngeal
stages of swallowing were captured in the lateral projection using a
Philips Super CP80 x-ray generator with an XR50A multiscan wide-
band imaging recorder, image intensifier (7 inch mode), and XTV6
camera system (1024 line rate). Patients were seated upright in a
Tumble Form Seat (Preston Company, Jackson, MI) with padding un-
der the buttocks and spine as needed and head–cervical spine angled in
a neutral position. They were offered thin and thick liquid from a bottle
and cup, thin and thick puree from a syringe and spoon, and chewable
solid bolus consistencies. Compliance for bolus consistencies and con-
tainers varied across patients. All patients accepted low-density liquid
barium (E-Z-EM Co., Westbury, NY) from a bottle with a crosscut
nipple (Mead Johnson, Evansville, IN) and 1-, 1.5-, or 2-cc thin puree
boluses placed in the oral cavity using a 3-cc syringe. Thin puree was
prepared in accordance with Marquis and Pressman [22], i.e., 2 oz of
Stage II puree apple sauce (H.J. Heinz Co., Pittsburgh, PA) to 1 tbsp of
powdered barium sulfate (E-Z-EM Co., Westbury, NY).

Data Analysis

All liquid swallows from a bottle and puree swallows placed with a
syringe that were completely visualized on the video recordings were
subjected to in-depth analysis using the Kay Computerized Swallowing
Video Analysis System (Kay Elemetrics Corp., Lincoln Park, NJ) and
a Panasonic video playback system (AG-7300 VCR, AG-CT2010
monitor) coupled to a F21 Smpte time code generator and Panasonic
remote (AG-A600) (Matsushita Electric Industrial Co, Ltd., Japan).
These two integrated systems allowed for analysis in real time, slow
motion, and frame by frame (30 frames/s; 1 frame4 0.033 s) with
image enhancement and derivation of objective timing measures. In
addition, the Kay system provided annotation, storage, and archiving of
the digitized fluoroscopic images.

The patients’ swallows were analyzed for timeliness of initia-
tion, with onset of swallow initiation marked by (first frame) soft palate
to posterior pharyngeal wall contact. The swallow response for puree
bolus swallows was considered delayed when it was initiated after the
bolus head had passed the point where the mandible crosses the base of
tongue [23]. For liquid bolus swallows sucked from a bottle, the swal-
low response was considered delayed when it was initiated after the
bolus head passed the valleculae [24].

Temporal measures were obtained from each of the 5 patients’
videofluoroscopic recordings for (1) a thin puree bolus swallow initi-
ated without delay and (2) a liquid bolus swallow from a bottle/nipple
with a suck:swallow ratio of 2:1 initiated without delay. Puree bolus
size was 1–2 cc; liquid bolus volume could not be determined. Selec-
tion of swallows for in-depth temporal analysis was based on clarity of
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visualization of the oral, pharyngeal, and laryngeal structures and their
movements; the tracheostomy tube and its movement; and the cervical
spine, with maintenance of head neutral positioning without extraneous
movements. Onset time of movements of airway closure at the level of
the laryngeal vestibule and UES opening in relation to velopharyngeal
closure, and location of the bolus head at points of supraglottic airway
closure and UES opening in relation to movement of the cannula were
targeted.

Pharyngeal stage motility was described using Leopold and
Kagel’s [24] videofluoroscopic descriptors of pharyngeal transport
function which divide the pharynx into the anterior segment (laryngeal
and epiglottic motility) and the posterior segment (pharyngeal constric-
tor motility).

Data were subsequently analyzed using visual inspection, de-
scriptive statistics, and nonparametric 1-sample Chi-square and
2-sample Mann–Whitney U tests.

Results

Delayed Swallow Response Initiation

Percentage of occurrence scores for delayed swallow re-
sponse initiation were calculated for each tracheosto-
mized patient by totaling the number of delayed swal-
lows for both liquid and puree bolus types and dividing
by the total number of swallows analyzed (N 4 38)
(Table 2). Seventeen (45%) of the patients’ swallows
were delayed. Of this number, 14 (82%) were liquid
swallows from a bottle and 3 (18%) were puree swallows
from a syringe. Penetration, defined as entry of material
into the laryngeal vestibule down to, but not below, the
level of the true vocal cords [23] (Fig. 1), occurred dur-
ing 13 (76%) of the delayed swallows. Aspiration, de-
fined as entry of material below the true vocal cords [23],
occurred on 1 swallow initiated with delay. The patient
with no tracheostomy initiated 1 swallow with delay
(7%; n 4 13) during a period of noncompliance which
did not result in airway penetration or aspiration.

The tracheostomized patients also penetrated and
aspirated on timely bolus swallows as described below.

Timing of Pharyngeal Stage Movements for Timely
Puree Bolus Swallows

Table 3 shows the onset times of pharyngeal stage move-
ments for each patient’s selected puree swallow from a
syringe initiated without delay. The patient with no tra-
cheostomy displayed velopharyngeal closure followed
by superior excursion of the arytenoid and epiglottis,
then anterior movement of the arytenoid, with subse-
quent closure of the laryngeal vestibule and onset of UES
opening occurring within the same 0.033-s video frame.
Superior movement of the arytenoid and the epiglottis
associated with the swallow response commenced 0.033
s after velopharyngeal closure and continued to move
superiorly for 0.033 s as the epiglottis began its descent.

The patients with tracheostomies showed velo-
pharyngeal closure followed by onset of anterior move-
ment of the arytenoid, then onset of UES opening. Un-
like the patient with no tracheostomy, closure of the la-
ryngeal vestibule occurred 0.033–0.099 s (mean4 0.049
s) after UES opening in the patients with tracheostomies.
The superior excursion of the arytenoid and epiglottis
observed in the patient with no tracheostomy was not
seen in the tracheostomized patients. Using the trache-
ostomized patients’ group means, the differences in onset

Table 1. Characteristics of patients with tracheostomies

Patient Gender

Age at
cannulation
(yrs:mos)

Age at
testinga

(yrs:mos) Primary etiologies
Primary indication
for tracheostomy

A F 0:2 1:2 Congenital heart disease
Bronchomalacia

Prolonged ventilationc

B M 0:4 1:3 Congenital heart disease
Tracheobronchomalacia

Prolonged ventilationc

C M 0:10 2:2 Congenital heart disease
Vocal cord paresisb

Provide an airway

D M 1:1 2:9 Craniofacial disorder
Obstructive sleep apneab

Provide an airway

aChronological age at time of fluoroscopy.
bResolved at time of fluoroscopy.
cWeaned from mechanical ventilation and oxygen at time of fluoroscopy.

Table 2. Tracheostomized patients’ percentages of occurrence of de-
layed swallows and delayed swallows with penetration

Patient
Total No.
swallows

Delayed
swallow (%)

Delayed swallows
with penetration (%)

A 11 18 50
B 07 71 100
C 10 40 25
D 10 60 100a

Group mean 10 45% 76%

aIncludes 1 delayed swallow with aspiration.
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times of structural movements of the pharyngeal stage of
swallow for puree bolus between the patient with no
tracheostomy and the patients with tracheostomies were
significant (z 4 2.17;p 4 0.015).

Timing of Pharyngeal Stage Movements for Timely
Liquid Swallows from a Bottle

Table 4 shows onset times of pharyngeal stage move-
ments for each patient’s selected liquid swallow from a
bottle initiated without delay. The patient with no tra-
cheostomy displayed velopharyngeal closure, followed
by superior excursion of the arytenoid and epiglottis,
then anterior movement of the arytenoid and closure of
the laryngeal vestibule which both occurred within the
same 0.033-s video frame. Onset of UES opening oc-
curred after closure of the laryngeal vestibule.

The patients with tracheostomies showed velo-
pharyngeal closure followed by onset of anterior move-
ment of the arytenoid, then onset of UES opening. In
contrast to the patient with no tracheostomy, closure of
the laryngeal vestibule occurred 0.033–0.099 s (mean4
0.066 s) after UES opening in the patients with trache-
ostomies. Superior excursion of the arytenoid and the
epiglottis observed in the patient with no tracheostomy
was not seen in the patients with tracheostomies. Using
the tracheostomized patients’ group means, the differ-
ences in onset times of pharyngeal stage structural move-
ments for timely liquid swallows from a bottle between
the patient with no tracheostomy and the patients with
tracheostomies were not significant (z 4 1.01036;p 4
0.156).

Airway Closure at the Laryngeal Vestibule

According to Logemann et al. [26], closure of the supra-
glottic airway at the level of the laryngeal vestibule dur-
ing swallowing involves movement of the epiglottis and
the arytenoid to the epiglottic base. For the tracheosto-
mized patients’ selected liquid swallows from a bottle
initiated without delay (Table 4), onset of arytenoid an-
terior movement and onset of closure of the laryngeal
vestibule occurred within the same 0.033-s video frame
for the patient with no tracheostomy. In contrast, the time
from onset of arytenoid anterior movement to onset of
closure of the laryngeal vestibule ranged from 0.066 to
0.231 s (mean4 0.157 s) for the patients with trache-
ostomies. Liquid material penetrated the laryngeal ves-
tibule during the swallow of all 4 tracheostomized pa-
tients with 1 patient silently aspirating a small amount of
this penetrated material. Penetrated material was cleared
from the supraglottic airways of the tracheostomized pa-
tients as closure of the laryngeal vestibule was achieved
(Fig. 1). The patient with no tracheostomy showed no
laryngeal penetration or aspiration on liquid swallows.

For the patients’ selected puree swallows from a
syringe initiated without delay (Table 3), the time from
onset of arytenoid anterior movement to onset of closure
of the laryngeal vestibule was 0.033 s for the patient with
no tracheostomy, and ranged from 0.066 to 0.264 s
(mean4 0.124 s) for the patients with tracheostomies.
The patient with no tracheostomy did not penetrate or
aspirate on puree bolus swallows, whereas 2 of the 4
tracheostomized patients penetrated into the laryngeal
vestibule during the swallow, although none of them as-
pirated. Penetrated material was cleared from the airway
with closure of the laryngeal vestibule.

Therefore, when we looked across the two bolus
types, we found that the supraglottic airways of the pa-
tients with tracheostomies closed slower than that of the
patient with no tracheostomy, and the time delay to clo-
sure of the laryngeal vestibule was concordant for laryn-
geal penetration and aspiration (x2 [3] 4 12,p 4 0.007).

Tracheostomy Tube Movement Associated with
the Swallow

Tracheostomy tube movement was studied because ex-
ternal movement of the tracheostomy tube hub and neck
flange is frequently used as a sign of laryngeal move-
ment associated with the swallow response on noninstru-
mental clinical swallowing examination of patients with
tracheostomies. Temporal analysis showed that airway
closure at the level of the laryngeal vestibule occurred
before onset of tracheostomy tube movement in 57% of

Fig. 1. Lateral view videoprint sequence illustrating penetration of
liquid into the laryngeal vestibule to the false vocal cords with clear-
ance of this material as the laryngeal vestibule closes (total time4

0.165).
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the tracheostomized patients’ swallows and after onset of
tube movement in 43% of the swallows that displayed
tube movement. For timely liquid swallows from a bottle
(Table 4), tracheostomy tube movement was observed in
3 of the 4 tracheostomized patients with tube movement
secondary to respiratory cycling, confounding measures
for one patient. Of the 3 patients with tube movement for
liquid swallows, closure of the laryngeal vestibule oc-
curred before onset of tracheostomy tube movement in 1
patient and after onset of tube movement in 2 patients.
For timely puree bolus swallows (Table 3), tracheostomy
tube movement was observed in all 4 tracheostomized
patients, with laryngeal vestibule closure occurring be-
fore onset of tracheostomy tube movement in 3 patients
and after onset of tracheostomy tube movement in 1
patient. No significant association was found between
onset of tracheostomy tube movement and closure of the
laryngeal vestibule (x2 [3] 4 2.71,p 4 0.44).

Pharyngeal Motility
Abnormalities of pharyngeal transport and clearance
were not observed in the patient with no tracheostomy or
in the patients with tracheostomies. None of the patients
displayed postswallow residua in the valleculae, pyri-
form sinuses, or on the epiglottis to indicate anterior
segment pharyngeal dysmotility. They did not have stasis
within the pharyngeal space or on the posterior pharyn-
geal wall after the swallow to indicate posterior segment
dysmotility. Neither the patient with no tracheostomy nor
the patients with tracheostomies showed accumulation of
residua on multiple swallows or supraglottic penetration
or glottic aspiration after the swallow.

Discussion

It is a generally accepted principle that tracheostomy in
adult patients adversely affects swallowing physiology.

Table 3. Onset timesa of pharyngeal stage movements for the patients’ selected puree bolus swallowsb

Movementsc
No tracheostomy
patient

Tracheostomy patients

Mean SDA B C D

Velopharyngeal closure 0.000 0.000 0.000 0.000 0.000
Superior movement of arytenoid, epiglottis 0.033 nd n n n
Bolus head enters hypopharynx 0.066 0.099 0.033 0.231 0.198 0.140 0.09
Anterior arytenoid movement 0.099 0.132 0.099 0.264 0.198 0.173 0.07
Penetration laryngeal vestibule n 0.033 n 0.297
Laryngeal vestibule closed 0.132 0.231 0.165 0.330 0.462 0.297 0.13
UES opening 0.132 0.198 0.132 0.297 0.363 0.248 0.10
Movement of tube 0.264 0.231 0.363 0.396 0.314 0.08
Maximum excursion of tube 0.396 0.297 0.495 0.528 0.429 0.10

aOnset time in seconds.
bSwallows initiated without delay.
cFirst frame.
dn 4 not observed.

Table 4. Onset timesa of pharyngeal stage movements for the patients’ selected liquid bolus swallows from a bottleb

Movementsc
No tracheostomy
patient

Tracheostomy patients

Mean SDA B C D

Velopharyngeal closure 0.000 0.000 0.000 0.000 0.000
Superior movement of arytenoid, epiglottis 0.033 nd n n n
Bolus head enters hypopharynx 0.099 0.066 0.000 0.132 0.297 0.124 0.12
Anterior arytenoid movement 0.132 0.066 0.033 0.198 0.297 0.149 0.12
Penetration laryngeal vestibule n 0.099 0.099 0.231 0.363
Laryngeal vestibule closed 0.132 0.264 0.165 0.264 0.528 0.305 0.16
UES opening 0.165 0.165 0.132 0.231 0.429 0.239 0.12
Movement of tube 0.198 n 0.330 0.429
Maximum excursion of tube 0.264 n 0.429 0.528

aOnset time in seconds.
bSwallows initiated without delay.
cFirst frame.
dn 4 not observed.
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It has remained unclear whether the same holds true for
tracheostomized pediatric patients who are in their early
developmental years. Dysphagia secondary to the young,
pediatric patient’s primary medical condition confounds
our ability to rule out swallowing deficits associated with
the tracheostomy itself. The criteria used for patient se-
lection in this study represented an attempt to address
this issue. Results did suggest that long-term tracheosto-
my affects the pharyngeal stage of swallowing in some
toddlers. Of course, caution must be exercised with re-
spect to generalization of results. Our sample size was
very small and normative swallowing data for this age
group were lacking. It will be necessary to replicate this
study using larger samples and refinement of patient se-
lection criteria. When feasible, pre- and posttracheos-
tomy placement fluoroscopic swallowing studies should
be performed to address the issue of the underlying
medical condition confounding results.

Tracheostomy has been shown to adversely affect
the larynx during the pharyngeal stage of swallowing in
adults, including diminished elevation and anterior rota-
tion of the larynx [12], shortened duration of glottic clo-
sure [14], and loss of subglottic air pressure [15]. Al-
though studying toddler-aged pediatric patients under
videofluoroscopy poses numerous restrictions and ob-
stacles, insight was gained into a possible laryngeal ef-
fect due to long-term tracheostomy in this age group.
Superior excursion of the arytenoid and epiglottis during
the swallow was observed in our toddler with no trache-
ostomy. This movement was consistent with longitudinal
shortening of the pharynx that occurs during the swallow
and with Kahrilas’ [27] finding that most of pharyngeal
shortening occurs between the valleculae and the supe-
rior margin of the arytenoid in adults. Laryngeal eleva-
tion is the result of longitudinal pharyngeal shortening
[27]. Superior excursion of the arytenoid and epiglottis
during the swallow was not observed in our tracheosto-
mized toddlers, thus implicating reduced superior laryn-
geal excursion secondary to tracheostomy in these young
children.

A slowing effect on laryngeal movement due to
tracheostomy was also suggested from our findings. Our
toddler with no tracheostomy showed laryngeal vestibule
closure either before or within the same 0.033-s video
frame as onset of UES opening, whereas our tracheos-
tomized toddlers showed laryngeal vestibule closure af-
ter onset of UES opening regardless of bolus type. More
notably, the time line required to close the laryngeal
vestibule once the arytenoids began their anterior move-
ment was longer in our tracheostomized toddlers than in
our toddler with no tracheostomy and resulted in laryn-
geal penetration during the swallow that cleared as the
laryngeal vestibule closed. According to Logemann [23],
the etiology of laryngeal penetration that occurs during

the swallow and clears when the larynx lifts to its full
range of motion and closes is a larynx that is moving too
slowly.

Delayed swallow response initiation was ob-
served in our 4 toddlers with tracheostomies at varied
frequency levels. DeVita and Spierer–Rundback [13] re-
ported delayed initiation of the swallowing response in
their ten adult patients with tracheostomies. Delayed ini-
tiation of the swallowing response increases the risk of
airway contamination because bolus material frequently
spills inferior to the hypopharynx during the delay time
before the swallow is initiated. This preswallow spillage
easily enters the airway as the swallow is initiated and
structures begin to move. DeVita and Spierer–Rundback
reported laryngeal penetration in their ten adult patients
with tracheostomies but did not specify the underlying
cause of the penetration. We did confirm laryngeal pen-
etration associated with swallow response delay in our 4
pediatric patients with tracheostomies.

External movement of the tracheostomy tube hub
and neck flange is of clinical interest because it is fre-
quently used on noninstrumental clinical examinations of
swallowing as a sign of laryngeal movement associated
with the swallow response. We did not find a close as-
sociation between laryngeal vestibule closure and trache-
ostomy tube movement in our toddlers with tracheosto-
mies; however, we did observe that tube movement ap-
peared to be facilitated by bolus body pressure as the
bolus was transported through the hypopharynx and
UES. However, this observation could not be validated
under fluoroscopy because of the absence of three di-
mensional imaging (T. Kotz, personal communication).

The tracheostomized toddlers we studied were
not referred for swallowing evaluation nor were their
parents reporting swallowing difficulties for liquid or
puree bolus intake in the home. Their clinical swallowing
exams did reveal signs of pharyngeal stage dysfunction
implicating laryngeal movement coupled with reduced
airway protective reflexive responses and secretion man-
agement. The use of videofluoroscopy for direct diag-
nostic study of swallowing physiology in these trache-
ostomized toddlers was substantiated by our findings of
laryngeal penetration and the etiologies of this supraglot-
tic airway contamination. Clinically, the need for dys-
phagia treatment as a component of the tracheostomized
toddlers’ treatment plans was indicated from fluoro-
scopic findings and was accomplished through the Little
Tykes with Trachs Program [28]. In view of the in-
creased number of tracheostomies in patients under the
age of 2 years, many of whom reside at home [29], and
the overwhelming majority of speech–language patholo-
gists who reported feeling unprepared to serve tracheos-
tomized pediatric patients [30], there is a critical need for
continued clinical research studies to expand our knowl-
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edge base and clinical protocols in swallowing (re)ha-
bilitation for this specialty patient population. Also criti-
cal is the need for data related to normal swallowing
physiology in pediatric patients at the toddler stage as
well as at other stages along the developmental con-
tinuum to mature feeding [31].
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