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Abstract. The aim of this prospective, consecutive
study was to investigate the biomechanical effects, if
any, of the presence of a tracheotomy tube and tube
cuff status, tube capping status, and aspiration status
on movement of the hyoid bone and larynx during
normal swallowing. Seven adult patients (5 male, 2
female) with an age range of 46–82 years (mean = 63
years) participated. Criteria for inclusion were no
history of cancer of or surgery to the head and neck
(except tracheotomy), normal cognition, normal
swallowing, and ability to tolerate decannulation.
Digital videofluoroscopic swallowing studies were
performed at 30 frames/s and with each patient seated
upright in the lateral plane. Variables evaluated in-
cluded maximum hyoid bone displacement and lar-
ynx-to-hyoid bone approximation under three ran-
domized conditions: tracheotomy tube in and open
with a 5-cc air-inflated cuff; tracheotomy tube in and
capped with deflated cuff; and tracheotomy tube out
(decannulated). Differences between maximum hyoid
bone displacement and larynx-to-hyoid approxima-
tion (cm) based on presence/absence of a tracheotomy
tube, tube cuff status, and tube capping status were
analyzed with the Student�s t test. Reliability testing
with a Pearson product moment correlation was
performed on 21% of the data. No significant
differences (p > 0.05) were found for both maximum
hyoid bone displacement and larynx-to-hyoid bone
approximation during normal swallowing based on
tracheotomy tube presence, tube cuff status, or tube
capping status. Intraobserver reliability for combined
measurements of maximum hyoid displacement and
larynx-to-hyoid approximation was r = 0.97 and
interobserver reliability for the absence of aspiration

was 100%. For the first time with objective data it was
shown that the presence of a tracheotomy tube did not
significantly alter two important components of nor-
mal pharyngeal swallow biomechanics, i.e., hyoid
bone movement and laryngeal excursion. The
hypothesis that a tracheotomy tube tethers the larynx
thereby preventing hyoid bone and laryngeal move-
ment during normal swallowing is not supported.
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Current knowledge of the synergy between hyoid
bone and laryngeal movement in the presence of
tracheotomy has been based on inadequate data. The
literature begins with conjectures from two often-ci-
ted case reports, i.e., ‘‘ ...presence of a tracheotomy
tube may alter the mechanics of deglutition to prevent
proper elevation of the larynx on swallowing...’’
[1] and ‘‘Fixation of the larynx by the tracheos-
tomy...might prevent normal elevation of the lar-
ynx...’’ leading to ‘‘...a disorder of swallowing
produced by the tracheostomy’’ [2] (italics ours). This
implied causal relationship between tracheotomy and
swallowing has only recently been refuted [3].

Two radiographic studies reported reduced
laryngeal elevation during swallowing attributed to
an anchoring effect by the tracheotomy tube and
resulting in dysphagia [4, 5]. In both studies, however,
no objective procedure for measuring laryngeal
movement was reported, no statistics performed,
and no other potential etiologies for dysphagia
investigated.
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Despite its methodologic flaws and the fact
that 40 of 43 (93%) subjects with tracheotomy swal-
lowed successfully, Bonanno [4] has been cited in all
subsequent investigations dealing with swallowing,
laryngeal movement, and tracheotomy [6–15].

The unsubstantiated finding that a tracheot-
omy tube has an anchoring effect and thereby pre-
vents normal elevation and anterior rotation of the
hyoid bone and larynx during swallowing has been
perpetuated by inclusion in review articles [16, 17], a
dysphagia diagnostic manual [18], and contemporary
dysphagia books [19–21].

Pharyngeal swallow biomechanics with a tra-
cheotomy tube have been investigated with videoflu-
oroscopy [15] and manometry [22]. Videofluoroscopic
analysis indicated that light digital occlusion of the
tracheotomy tube resulted in both potential benefits
for swallowing success, i.e., increased hyoid bone and
laryngeal movement, but also potential detriments,
i.e., reduced base of tongue contact to the posterior
pharyngeal wall and late onset of anterior movement
of the posterior pharyngeal wall relative to the onset
of upper esophageal sphincter opening. Tracheotomy
tube occlusion eliminated aspiration in two of four
aspirating subjects, resulted in no change in the third
subject, and worsened swallowing in the fourth sub-
ject [15]. However, light digital occlusion of the tra-
cheotomy tube in both aspirating and nonaspirating
subjects did not significantly change pharyngeal or
upper esophageal sphincter manometric pressure
recordings during swallowing [22].

There is no objective research, to date, on
hyoid bone or larynx movement dependent on the
presence of a tracheotomy tube. This prospective
study investigated the biomechanical effects, if any, of
the presence of a tracheotomy tube and tube cuff
status, tube capping status, and aspiration status on
the movement of the hyoid bone and larynx during
normal swallowing.

Materials and Methods

Subjects

The study was approved by the Human Investigation Committee of

the Yale University School of Medicine. In a prospective manner,

videofluoroscopic swallow studies (VFSS) were performed on seven

adult participants (5 male, 2 female) with an age range or 46–82

years (mean = 63 years) (Table 1). Criteria for selection were no

history of cancer of or surgery to the head and neck (except tra-

cheotomy), normal cognition, normal swallowing, and ability to

tolerate decannulation.

Procedures

All VFSS procedures were performed with each subject seated

upright in the fluoroscopy chair and viewed in the lateral plane

(Phillips Medical Systems, Hamburg, Germany, Model SRO 33

100). The image included the lips anteriorly to the pharyngeal wall

posteriorly and the soft palate superiorly to the sixth cervical ver-

tebra inferiorly (Figs. 1 and 2). The studies were recorded digitally

at 30 frames/s as AVI files (Digital Swallow Workstation, Kay

Elemetrics, Lincoln Park, NJ). Individual frames were identified

and saved as TIFF files to CD. Spatial analysis software (http://

www.rsb.info.nih.gov/ij) was used for spatial measurements after

calibration of the digitized image to the size of a 2.3-cm-diameter

radiopaque disk (the size of a U.S. quarter) taped to the chin. The

disc served as a constant landmark and allowed each subject to be

compared with themselves across conditions, and it served as

a reference measure to correct for fluoroscopic magnification

discrepancies across digitized images [15].

Three 5-cc liquid bolus swallows (E-Z Paque, E-Z-Em,

Westbury, NY) were performed under three randomized condi-

tions: tracheotomy tube in and open with a 5-cc air-inflated cuff,

tracheotomy tube in and capped with deflated cuff, and tracheot-

omy tube out (decannulated). (Subjects 1 and 7 had cuffless tubes.)

Each bolus was held intraorally until verbally instructed to swal-

low. Two frames were identified for analysis. The first frame cap-

tured the bolus in the ‘‘hold’’ position in the oral cavity before

swallow with the hyoid bone and larynx at rest. The second frame

captured the hyoid bone and larynx at maximum displacement

during the swallow as the bolus head passed through the upper

esophageal sphincter [23].

Larynx-to-hyoid bone approximation (HLhold - HLmax)

was defined as the difference between the distance between the

Table 1. Participant characteristics

S Sex Age (yr) Diagnosis Duration of tracheotomy before VFSS Type of tracheotomy tubea

1 F 69 Bilateral vocal fold paralysis 217 days #6 cuffless plasticb

2 M 51 Subdural hematoma 66 days #6 cuffed plasticb

3 M 46 Respiratory failure 36 days #8 cuffed plasticc

4 F 62 Sepsis 27 days #6 cuffed plastic

5 M 57 Motor vehicle crash 19 days #8 cuffed plastic

6 M 69 Obstructive sleep apnea 27 years #6 cuffed plastic

7 M 82 Bilateral vocal fold paralysis 7 days #6 cuffless plastic

aMallinckrodt Medical, St. Louis, MO, USA.
b7.0-mm inner diameter, 10.0-mm outer diameter.
c8.5-mm inner diameter, 12.0-mm outer diameter.
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anterior margin of the hyoid bone and a clear and consistent

landmark on the anterior thyroid cartilage at bolus hold position

(HLhold) and the distance between the above two points at the

maximum hyoid excursion both anteriorly and superiorly (HLmax)

(Fig. 1). Maximum hyoid bone displacement (Hmax) was defined

as the difference between the distance between the anterior margin

of the hyoid bone and the anterior aspect of the C4 vertebral body

at bolus hold position and at maximum position (Fig. 2) [23].

Statistics

The Student�s t test for correlated samples was used to analyze the

data. A power analysis revealed that with 7 patients there is 80%

power to detect a difference of 7.0 mm between any two of the three

conditions, assuming a two-tailed test and a type I error rate of 5%.

A Pearson product moment correlation coefficient was performed

on 21% of the data. Intraobserver reliability for combined mea-

surements of maximum hyoid bone displacement and larynx-to-

hyoid bone approximation was r = 0.97. Interobserver reliability

for presence/absence of aspiration was 100%.

Results

Larynx-to-Hyoid Approximation

No significant differences (p > 0.05) were found
for larynx-to-hyoid bone approximation during

Fig. 1. Larynx-to-hyoid bone approximation (HLhold - HLmax),

defined as the distance between the anterior margin of the hyoid bone

and the anterior thyroid cartilage when measured at ‘‘hold’’ position

with the bolus in the oral cavity. From this measurement the distance

between the hyoid bone and the thyroid cartilage at ‘‘max’’ position is

subtracted.

Fig. 2. Maximum hyoid bone discursion (Hmax), defined as the

difference between the hyoid bone at bolus hold to its position when

maximally displaced superiorly and anteriorly (‘‘max’’). (A) In the

frame corresponding to bolus hold position, the distance between the

hyoid bone and anterior C4 vertebra is measured. (B) In the frame

corresponding to hyoid bone ‘‘max’’ position, the distance is measured

again between the same two points. The difference between these two

measures is the maximum hyoid bone discursion.
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swallowing based on tracheotomy tube presence, tube
cuff status, or tube capping status (Table 2). No
aspiration occurred under any condition.

Hyoid Bone Elevation

No significant differences (p > 0.05) were found for
maximum hyoid bone displacement during swallow-
ing based on tracheotomy tube presence, tube cuff
status, or tube capping status (Table 3). No aspira-
tion occurred under any condition.

Discussion

For the first time with objective videofluoroscopic
data, it was shown that the presence of a tracheotomy
tube did not significantly alter two important com-
ponents of pharyngeal swallow biomechanics. Spe-
cifically, no significant differences were found for
either hyoid bone movement or laryngeal excursion
during normal swallowing based on the presence/
absence of a tracheotomy tube, tube cuff status, or
tube capping status. Therefore, the hypothesis that a
tracheotomy tube anchors the larynx and prevents
normal hyoid bone and laryngeal movement during
normal swallowing is not supported. This agrees with
both objective fluoroscopic data [24] and clinical
findings [12], i.e., persistent dysphagia following
decannulation cannot be attributed to either lar-
yngeal tethering or obstruction by an inflated tra-
cheotomy tube cuff.

An interesting, but nonsignificant, finding was
that both larynx-to-hyoid bone approximation (Ta-
ble 2) and maximum hyoid bone displacement (Ta-
ble 3) were smaller in the decannulated condition
versus any of the tracheotomy tube conditions, i.e.,
the opposite of conventional thinking. Because it is
unclear exactly why the presence of a tracheotomy
tube would result in larger excursions, further inves-
tigation is warranted to determine if this observation
is significant.

All subjects were eating orally with a trache-
otomy tube present and, consistent with previous
studies, aspiration status was not altered by trache-
otomy tube cuff status [24], tube occlusion status [22,
25–27], or decannulation [28–30]. Although it would
be of interest to repeat the present study with dys-
phagic subjects who exhibited aspiration, the number
of swallows, head position requirements, and volume
of ingested material needed for analysis precludes
investigation.

In a prescient article, Conley [31] stated,
‘‘Tracheostomy is often the key to survival in situa-
tions where the act of swallowing has compromised
the airway system. Decannulization ...should be de-
layed until the swallowing act is effectively rehabili-
tated.’’ A tracheotomy tube, therefore, allows for
effective pulmonary toilet without compromising re-
turn of successful swallowing. The literature has too
often erroneously attributed aspiration to the most
obvious variable, i.e., the tracheotomy tube, and not
important co-morbidities that can cause dysphagia [3,
11, 32–34], e.g., respiratory failure [32–34], trauma
[35], head and neck cancer [28], stroke [32, 36], altered
mental status [37], advanced age [38], reduced func-
tional reserve [5, 38], and medications used to treat
the critically ill [14].

Conclusions

The finding that there are no significant differences in
hyoid bone movement and laryngeal excursion, two
important components of normal pharyngeal swal-
low biomechanics, because of tracheotomy tube
presence, tube cuff status, or tube capping status re-
futes previous subjective reports [1, 2, 4, 5] and sup-
ports current research [3, 12, 22, 24–30]. It is
important to note that not only are tracheotomy and
the presence of a tracheotomy tube not causative for
aspiration [3], but that swallowing can improve, ei-
ther spontaneously or due to rehabilitation, even
when a tracheotomy tube is present [3, 12, 14, 31, 39].

Table 2. Larynx to hyoid bone approximation (cm) based upon
tracheotomy tube presence, cuff status, and capping status

Tube in and open

with cuff up vs.

capped with

cuff down

Tube in and open

with cuff up vs.

decannulated

Tube in and capped

with cuff down vs.

decannulated

Mean 0.87 vs. 0.93 0.87 vs. 0.77 0.74 vs. 0.58

SD 0.48 vs. 0.69 0.48 vs. 0.94 0.39 vs. 0.52

p > 0.05.

Table 3. Maximum hyoid bone displacement (cm) based upon
tracheotomy tube presence, tube cuff status, and tube capping
status

Tube in and open

with cuff up vs.

capped with

cuff down

Tube in and open

with cuff up vs.

decannulated

Tube in and capped

with cuff down vs.

decannulated

Mean 0.71 vs. 0.97 0.71 vs. 0.59 1.11 vs. 0.58

SD 0.52 vs. 0.57 0.52 vs. 0.48 0.64 vs. 0.37

p > 0.05.
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