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Abstract The purpose of this study was to compare the
swallowing function and kinematics in stroke patients with
and without tracheostomies. In this retrospective matched
case—control study, we compared stroke patients with
(TRACH group, n = 24) and without (NO-TRACH group,
n = 24) tracheostomies. Patients were matched for age,
sex, and stroke-type. Swallowing function was evaluated
using the videofluoroscopic dysphagia scale (VDS) and
functional oral intake scale (FOIS) obtained from vide-
ofluoroscopic swallow study (VFSS) images. Swallowing
kinematics were evaluated using a two-dimensional kine-
matic analysis of the VFSS images. Mean duration of tra-
cheostomy was 132.38 £ 150.46 days in the TRACH
group. There was no significant difference in the total VDS
score between the TRACH (35.17 £+ 15.30) and NO-
TRACH groups (29.25 + 16.66, p = 0.247). FOIS was
significantly lower in the TRACH group (2.33 £ 1.40)
than in the NO-TRACH group (4.33 &+ 1.79, p = 0.001).
The TRACH group had a significantly lower maximum
vertical displacement (15.23 &+ 7.39 mm, p = 0.011) and
velocity (54.99 + 29.59 mm/s, p = 0.011), and two-di-
mensional velocity (61.07 £ 24.89 mm/s, p = 0.013) of
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the larynx than the NO-TRACH group (20.18 £ 5.70 mm,
82.23 £+ 37.30 mm/s, and 84.40 £ 36.05 mm/s, respec-
tively). Maximum horizontal velocity of the hyoid bone in
the TRACH group (36.77 & 16.97 mm/s) was also sig-
nificantly lower than that in the NO-TRACH group
(47.49 £ 15.73 mm/s, p = 0.032). This study demon-
strated that stroke patients with tracheostomies had inferior
swallowing function and kinematics than those without
tracheostomies. A prospective longitudinal study is needed
to elucidate the effect of a tracheostomy on swallowing
recovery in stroke patients.

Keywords Tracheostomy - Stroke - Deglutition -
Kinematics

Introduction

The rate of tracheostomy placement after a stroke has been
reported as 1.3-2.8% [1, 2]. The typical indication for a
tracheostomy is maintenance of upper airway patency,
specifically for positive-pressure ventilation when extuba-
tion has failed or is deemed unfeasible in the intensive care
unit [3, 4]. Although the risk of aspiration is also consid-
ered an indication for a tracheostomy in stroke patients [4],
the tracheostomy itself can predispose patients to dyspha-
gia and aspiration [5-9]. Previous studies suggest that the
presence of a tracheostomy has structural or functional
effects on swallowing function. A tracheostomy can have
an anchoring effect on laryngeal elevation and interrupt
pulmonary positive airway pressure during the swallowing
reflex [10-13].

In recent years, several studies have contradicted the
traditional notion that tracheostomies hamper swallowing
and increase the risk of aspiration. Studies using fiberoptic
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endoscopy have shown that a tracheostomy was not asso-
ciated with aspiration [14, 15]. Kinematic studies evaluat-
ing the swallowing function in the presence of a
tracheostomy tube have shown no relationship between a
tracheostomy and dysphagia [16, 17]. These studies
investigated the immediate or short-term effects of a tra-
cheostomy tube on swallowing function and kinematics in
patients with various disease entities. On the other hand,
recent studies continue to report that the components of a
tracheostomy tube, such as the speaking valve or cuff,
affect the physiology of swallowing [18, 19].

The incidence of dysphagia after a stroke have been
reported as up to 80% using instrumental testing [20], but
most patients recover their swallowing function within
6 months [21, 22]. Although the presence of a medical tube,
including a tracheostomy, was reported to be associated with
poor functional outcomes after a stroke [1], the relationship
between the presence of a tracheostomy and swallowing
function has not been investigated in stroke patients. To
elucidate this relationship, we compared the swallowing
function of dysphagic stroke patients with and without tra-
cheostomies. This study utilized swallowing kinematics and
functional outcomes to reveal the functional difference in
swallowing mechanism between two groups.

Materials and Methods
Subjects

In this retrospective study, we reviewed records from
March 2005 to January 2012 in our hospital’s videofluo-
roscopic swallowing study (VFSS) database. Patients
included in the study group were 24 stroke patients, who
were diagnosed by a neurologist as having an acute stroke
that had been confirmed by computed tomography (CT) or
magnetic resonance imaging (MRI), with tracheostomies
(TRACH group). All the patients underwent tracheostomy
for weaning from ventilatory support. Cuff pressure was
monitored routinely using a cuff manometer (Posey,
Arcadia, CA, USA) and maintained in the recommended
range (22-32 cm H,O). Exclusion criteria were patients
with (1) a history of a recurrent stroke; (2) other diseases
that could affect swallowing function, such as Parkinson’s
disease, bulbar palsy, a brain tumor, or a head and neck
cancer; and (3) poor cooperation during VESS. The control
group was composed of 24 sex, age, and stroke-type mat-
ched stroke patients without tracheostomies (NO-TRACH
group), who were selected from the database by a blind
researcher. The database was divided into subgroups
according to sex and stroke-type, and then sorted by age.
The matched stroke patients were randomly selected in the
same age group divided by decade. Each patient’s
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demographic data, including age, sex, type of stroke,
interval between stroke onset and VFSS, mean duration of
tracheostomy, type of cannula, underlying cardiovascular
disease, and Modified Barthel Index (MBI) at the time of
VESS, were obtained by reviewing the patient’s medical
records. We certified that all applicable institutional and
governmental regulations concerning the ethical use of
human volunteers were followed during the course of this
research. This study was approved by the Institutional
Review Board of Seoul National University Hospital
[1312-061-541].

VESS

All subjects were tested with foods in various forms,
including 2, 5, and 10 ml of thin liquids, pudding, honey,
and nectar-thick liquids, a semi-blended food, and boiled
rice. Thin liquids were diluted barium solution (35% w/v),
and all other foods were mixed with undiluted barium
sulfate (Solotop suspensi0n®, Taejoon Pharm Co., Ltd.,
Seoul, Republic of Korea) to allow for fluoroscopic visu-
alization. Each form of food was given twice using a
spoon. The subjects swallowed the fluid or food naturally
without any additional cues. Two coins with a diameter of
24 mm were attached under the chin and below the mastoid
process to serve as a ruler for radiographic magnification.
Under the lateral projection of videofluoroscopy, the
modified barium swallow results were saved as digital
image files (.avi) using a digital computer frame grabber
board (Pinnacle Studio MovieBox DV, Pinnacle System,
Inc., Mountain View, CA; Pegasus HD/SD Board, Grass
Valley Inc., Honorine, France) and image processing
software (Pinnacle Studio 9.0, Pinnacle System, Inc.;
EDIUS 4.5, Grass Valley Inc.).

The interpretation of the results of VESS required the
consensus of two physiatrists who had at least 2 years of
experience in dysphagia management. The videofluoro-
scopic dysphagia scale (VDS) [23] and functional oral
intake scale (FOIS) [24] were rated for functional evalua-
tion of swallowing based on the VFSS findings. The VDS
includes 14 items that represent oral and pharyngeal
swallowing functions in the VFSS. Each item was evalu-
ated in consideration of all tested food consistencies. The
VDS is a negative rating system and provides a maximum
possible score of 100. A score of zero reflects a completely
normal finding. The FOIS is a 7-point ordinal scale
developed to document the functional level of oral intake
of solid foods and liquids in stroke patients.

Two-Dimensional Kinematic Analysis

The VESS video clips were analyzed by two-dimensional
motion analysis. VFSS images were recorded at 30 frames
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per second. The lateral projection of the VFSS taken during
the 2-ml thin-liquid swallowing was analyzed as previously
described [25, 26]. All kinematic analyses were performed
by a blinded researcher. The initial frame for the analysis
was the 15th frame (0.5 s) before the frame in which the
head of the bolus passed the angle of the mandibular ramus
at the base of the tongue. The last frame was the frame in
which the tail of the bolus passed the upper esophageal
sphincter.

Motion analysis was performed using a motion analysis
software system (Ariel Performance Analysis System;
Ariel Dynamics, Inc., Trabuco Canyon, CA, USA) using
the landmarks shown in Fig. 1. The anterior—superior
margin of the hyoid bone, the larynx represented by the
anterior—superior margin of the subglottic airway column,
and base-to-tip margin of the epiglottis were digitally
coordinated at each frame. We defined the zero point as the
anterior—inferior margin of the fourth cervical vertebral
body. The y-axis was defined as the straight line connecting
the zero point and the anterior—inferior margin of the sec-
ond cervical vertebral body and the x-axis as the line per-
pendicular to the y-axis, passing the zero point.

Data were transformed into actual distances and angles
using the known diameter of the coin attached to the sub-
ject’s chin and mastoid process. Spatial and temporal
measurements were performed automatically using our in-
house software built-in MATLAB R2009a (The

Fig. 1 A digital correlation of the hyoid bone (black arrow), larynx
(black arrowhead), epiglottis (black dotted line with white arrow),
with the control frame for the x- and y-axes. The zero point was
defined as the anterior—inferior margin of the fourth cervical vertebral
body, the y-axis as the straight line connecting the zero point with the
anterior—inferior margin of the second cervical vertebral body, and the
x-axis as the line perpendicular to the y-axis. Coins were used as the
scale for length

MathWorks Inc., Natick, MA, USA). The maximum dis-
tances (mm) of the vertical and horizontal displacements of
the hyoid bone and larynx during swallowing were calcu-
lated and defined as the differences between the highest
and lowest values. The two-dimensional distances from the
initial points to the maximum excursion points of the hyoid
bone and the larynx during swallowing were also calcu-
lated as the shortest distance between the two points.
Maximum velocities of the hyoid and laryngeal displace-
ments during swallowing were calculated in the vertical,
horizontal, and two-dimensional directions. Instantaneous
velocity was calculated using the distance between two
adjacent time points throughout the swallowing cycle, and
then the maximal value was obtained. The maximum angle
(°) of the epiglottic tilt was measured from the initial
position.

Intra- and inter-rater reliabilities of the kinematic anal-
ysis showed good-to-excellent agreement, with ICC values
ranging from 0.752 to 0.996, in our previous study [25].
The accuracy of our method in measuring distances, linear
velocity, and angular velocity has also been described
previously [27].

Statistical Analysis

Since this was a matched case—control study, continuous
variables in the patients’ characteristics and the kinematic
measurements of swallowing were analyzed using a paired
t test [28, 29]. McNemar’s and Wilcoxon signed ranks tests
were used to compare the dichotomous variables and
ordinal scales between the TRACH and NO-TRACH
groups, respectively. As a subgroup analysis, the kinematic
difference between the cuffed and uncuffed cannula in the
TRACH group was analyzed using an independent 7 test. A
p value less than 0.05 was considered significant.

Results

The patient demographics are shown in Table 1. There was
no difference in age, sex, and type of the stroke between the
two groups. The mean interval between stroke onset and
VEFSS was 152.42 £ 153.60 days in the TRACH group and
195.54 £ 356.08 in the NO-TRACH group (p = 0.612).
The number of patients with underlying cardiopulmonary
disease was also comparable between the two groups. MBI at
the time of VFSS was 21.76 4+ 25.23 in the TRACH group
and 47.75 & 27.95 in the NO-TRACH group (p = 0.019).
Mean duration of presence of the tracheostomy was
132.38 £ 150.46 days in the TRACH group. Mean inner
diameter of the cannulas was 6.90 £ 0.66 (ranging from 5.0
to 7.5) mm. In the TRACH group, 11 subjects had cuffed
cannulas and 3 subjects had fenestrated cannulas.
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Table 1 Demographic characteristics of the study population

TRACH group (N = 24) NO-TRACH group (N = 24) p value

Age 58.71 £ 13.26 58.67 £ 14.05 0.962
Sex

Male/female 9/15 9/15
Type of stroke

Supratentorial stroke 15 15

Infratentorial stroke 2 2

SAH 7 7
Interval between stroke onset and VFSS (days) 152.42 £+ 153.60 195.54 £ 356.08 0.612
Mean duration of tracheostomy (days) 132.38 £+ 150.46 -
Inner diameter of cannula (mm) 6.90 £+ 0.66 -
Type of cannula

Cuff () 11/13 -

Fenestration (%) 3/21 -
Underlying cardiopulmonary disease 5 6 1.000
Modified Barthel Index 21.76 &+ 25.23 (n = 21) 47.75 £ 27.95 (n = 20) 0.019

The data were analyzed by paired ¢ test for continuous variables, by Wilcoxon signed rank test for the ordinal scales, and by McNemar’s test for
the dichotomous variables. Values are presented as mean £+ SD and number of patients

Statistically significant p values are shown in bold (p < 0.05)

TRACH group stroke patients with tracheostomies, NO-TRACH group stroke patients without tracheostomies, SAH subarachnoid hemorrhage,

VFSS videofluoroscopic swallow study

Tracheostomy tubes were removed within 2 weeks after
VESS in 11 patients. The other patients remained tra-
cheostomy-dependent due to aspiration in 7, secretion con-
trol in 4, and other airway problems in 2 patients.

Table 2 presents the differences of swallowing function,
including each component of the VDS, VDS total score,
and FOIS between the TRACH and NO-TRACH groups.
Among the components of the VDS, bolus formation and
mastication were significantly more deteriorated in the
TRACH group than in the NO-TRACH group. There was
no significant difference in the total VDS score between the
TRACH (35.17 £ 15.30) and NO-TRACH groups
(29.25 £ 16.66, p = 0.247). FOIS was significantly lower
in the TRACH group (2.33 £+ 1.40) than that in the NO-
TRACH group (4.33 £ 1.79, p = 0.001).

Table 3 shows the differences of swallowing kinematics
between stroke patients with and without tracheostomies.
The TRACH group showed significantly lower maximum
vertical displacement (15.23 & 7.39 mm, p = 0.011) and
velocity (54.99 4+ 29.59 mm/s, p = 0.011), and two-di-
mensional velocity (61.07 & 24.89 mm/s, p = 0.013) of the
larynx than the NO-TRACH group (20.18 £ 5.70 mm,
82.23 £ 37.30 mm/s, and 84.40 £ 36.05 mm/s, respec-
tively). Maximum horizontal velocity (36.77 mm/
s £ 16.97) of the hyoid bone was also significantly lower
than NO-TRACH group (47.49 + 15.73 mm/s, p = 0.032).
However, there was no significant difference in the maxi-
mum angle of epiglottic tilt between two groups.
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From Table 4, the patients with cuffed cannulas had a
lower horizontal velocity of the larynx (13.59 £ 6.71 mm/
s) than those with uncuffed cannulas (23.66 = 10.91 mm/
s, p = 0.014). There was no difference in hyoid bone
movement and the angle of the epiglottis between the two
subgroups.

Discussion

Our study demonstrated that compared to the NO-TRACH
group, the TRACH group had poorer functional outcome of
swallowing and impaired hyolaryngeal movements during
swallowing. In particular, distance of laryngeal elevation
and the velocity of hyoid horizontal excursion and laryn-
geal elevation during swallowing were shorter and slower,
respectively, in the TRACH group. Patients with cuffed
cannulas had an even lower velocity of horizontal laryngeal
movement during swallowing. Because laryngeal elevation
is an important mechanism for airway protection, reduced
laryngeal elevation may contribute to a higher risk of
aspiration/penetration in the TRACH group.

Results from the present study are consistent with the
results of prior studies that also show that the swallowing
mechanism is significantly disturbed by a tracheostomy
[10-13, 30, 31]. It has been reported that a tracheostomy
structurally restricts laryngeal elevation [11] and could
change vocal cord kinetics [31]. Goldsmith summarizes



H. G. Seo et al.: Swallowing Function and Kinematics in Stroke... 397
Table 2 Differences of swallowing function between stroke patients with and without tracheostomies
TRACH group [N = 24, n (%)] NO-TRACH group [N = 24, n (%)] p value
Lip closure 0.083
Inadequate 7 (29.2%) 3 (12.5%)
None 1 (4.2%) 0 (0.0%)
Bolus formation 0.012
Inadequate 15 (62.5%) 8 (33.3%)
None 2 (8.3%) 0 (0.0%)
Mastication 0.010
Inadequate 13 (54.2%) 8 (33.3%)
None 4 (16.7%) 0 (0.0%)
Apraxia 0.276
Mild 4 (16.7%) 2 (8.3%)
Moderate 4 (16.7%) 3 (12.5%)
Severe 2 (8.3%) 1 (4.2%)
Tongue to palate contact 0.527
Inadequate 3 (12.5%) 7 (29.2%)
None 1 (4.2%) 0 (0.0%)
Premature bolus loss 0.771
<10% 4 (16.7%) 5 (20.8%)
10-50% 6 (25.0%) 5 (20.8%)
>50% 1 (4.2%) 2 (8.3%)
Oral transit time 1.000
>1.5s 8 (33.3%) 7 (29.2%)
Triggering of pharyngeal swallow 1.000
Delayed 10 (41.7%) 11 (45.8%)
Vallecular residue 0.239
<10% 10 (41.7%) 4 (16.7%)
10-50% 1 (4.2%) 6 (25.0%)
>50% 0 (0%) 1 (4.2%)
Laryngeal elevation 0.549
Impaired 18 (75.0%) 15 (62.5%)
Pyriform sinus residue 0.560
<10% 4 (16.7%) 6 (25.0%)
10-50% 1 (4.2%) 1 (4.2%)
>50% 3 (12.5%) 1 (4.2%)
Coating of pharyngeal wall 0.774
Yes 6 (25.0%) 8 (33.3%)
Pharyngeal transit time 0.109
>1.0s 9 (37.5%) 3 (12.5%)
Aspiration 0.953
Supraglottic penetration 7 (29.2%) 7 (29.2%)
Subglottic aspiration 11 (45.8%) 11 (45.8%)
VDS total score 35.17 £ 15.30 29.25 £+ 16.66 0.247
FOIS 2.33 £ 140 433 £ 1.79 0.001

The data were analyzed by Wilcoxon signed rank test for the ordinal scales and by McNemar’s test for the dichotomous variables. Values are
presented as number of patients (%) and mean £ SD

Statistically significant p values are shown in bold (p < 0.05)

TRACH group stroke patients with tracheostomies, NO-TRACH group stroke patients without tracheostomies, VDS videofluoroscopic dysphagia

scale, FOIS functional oral intake scale
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Table 3 Differences of swallowing kinematics between stroke patients with and without tracheostomies

TRACH group (n = 24) NO-TRACH group (n = 24) p value

Hyoid bone Vertical Distance (mm) 10.44 4+ 5.20 12.29 4+ 5.66 0.205
Velocity (mm/s) 38.43 £+ 21.99 40.62 £ 25.69 0.782

Horizontal Distance (mm) 8.09 + 4.43 9.09 £+ 2.29 0.380

Velocity (mm/s) 36.77 £ 16.97 47.49 + 15.73 0.032

Two-dimensional Distance (mm) 10.73 + 4.48 11.88 + 4.30 0.375

Velocity (mm/s) 48.81 £ 18.10 53.45 + 19.77 0.316

Larynx Vertical Distance (mm) 15.23 £ 7.39 20.18 £ 5.70 0.011
Velocity (mm/s) 54.99 £ 29.59 82.23 + 37.30 0.011

Horizontal Distance (mm) 4.89 £ 2.66 496 £+ 1.92 0.934

Velocity (mm/s) 19.05 £ 10.39 23.41 + 10.60 0.217

Two-dimensional Distance (mm) 14.70 £+ 8.04 18.56 + 6.38 0.055

Velocity (mm/s) 61.07 £ 24.89 84.40 + 36.05 0.013

Epiglottis Tilt angle (°) 79.45 £ 30.01 83.64 £ 32.44 0.631

The data were analyzed by paired ¢ test. Values are presented as mean £+ SD

Statistically significant p values are shown in bold (p < 0.05)

TRACH group stroke patients with tracheostomies, NO-TRACH group stroke patients without tracheostomies

Table 4 Differences of swallowing kinematics between stroke patients with cuffed and uncuffed cannulas

Cuffed (N = 11) Uncuffed (N = 13) p value

Hyoid bone Vertical Distance (mm) 10.15 £+ 5.59 10.69 + 5.05 0.807
Velocity (mm/s) 34.52 + 22.81 41.75 £ 21.62 0.435

Horizontal Distance (mm) 8.25 £+ 4.65 7.96 + 4.41 0.877

Velocity (mm/s) 35.46 £ 16.85 37.88 £ 16.85 0.737

Two-dimensional Distance (mm) 10.59 + 4.91 10.85 + 4.280 0.890

Velocity (mm/s) 46.29 £+ 20.03 50.94 + 16.82 0.543

Larynx Vertical Distance (mm) 13.63 + 5.69 16.59 + 8.57 0.340
Velocity (mm/s) 47.19 £ 25.94 61.59 + 31.84 0.243

Horizontal Distance (mm) 411 £ 1.92 5.54 + 3.07 0.195

Velocity (mm/s) 13.59 £ 6.71 23.66 + 10.91 0.014

Two-dimensional Distance (mm) 12.71 £ 6.33 16.39 + 9.16 0.273

Velocity (mm/s) 58.27 £ 17.92 63.44 £ 30.11 0.623

Epiglottis Tilt angle (°) 78.26 £ 22.99 80.46 + 35.83 0.858

The data were analyzed by independent ¢ test. Values are presented as mean £ SD

Statistically significant p values are shown in bold (p < 0.05)

that tracheostomy tubes have a negative physiological and
mechanical impact on swallowing and airway protection
due to an impaired glottis closure reflex, diversion of
pulmonary airflow, reduced cough at the glottis, reduced
subglottic pressure, reduced laryngeal elevation, disuse
muscle atrophy, and desensitization of larynx and
hypopharynx [30]. Recently, Prigent et al. [18] demon-
strated that expiratory flow towards the upper airway after
swallowing was negligible in patients with an open tra-
cheostomy tube and was restored by adding a speaking
valve. Therefore, an open tracheostomy may abolish sev-
eral benefits of expiration during swallowing for laryngeal
protection. In addition, Ding et al. [32] proposed that the
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cuffed cannula lowered the laryngeal elevation and
increased the aspiration risk. All these structural and
functional changes by a tracheostomy might have a detri-
mental effect on swallowing in stroke patients.

However, differing opinions on whether a tracheostomy
directly impairs swallowing still exists. Donzelli et al. [14]
reported that the incidence of aspiration and/or penetration
was not changed after tracheostomy tube removal. Leder
et al. [15] also demonstrated that aspiration status did not
change in most patients between pre- and post-tra-
cheostomy. They evaluated the immediate and short-term
(mean of 9.0 days) effect of tracheostomy on aspiration in
tracheostomized patients due to various etiologies. Terk



H. G. Seo et al.: Swallowing Function and Kinematics in Stroke...

399

et al. [16] reported that the presence of a tracheostomy tube
did not significantly alter hyoid bone movement and
laryngeal excursion during swallowing immediately fol-
lowing placement; however, this study only had 7 patients.
Kang et al. [17] reported no significant changes in swal-
lowing kinematics, including time variables and the extent
of laryngeal elevation, before and after tracheostomy
removal (mean interval of 6.6 days). These results suggest
that there is no causal relationship between tracheostomies,
aspiration events, and swallowing kinematics, at least
during a short period.

On the other hand, in patients with post-stroke dysphagia,
most problems resolved over a 6-month period [21], and about
90% of stroke patients returned to their pre-stroke diet [22].
Both compensatory and rehabilitative approaches are neces-
sary for swallowing recovery in stroke patients. Tracheostomy
tubes disturb compensatory maneuvers such as chin tuck and
supraglottic swallow. A tracheostomy causes several physio-
logical changes, such as reduced laryngeal elevation, disuse
muscle atrophy, and desensitization of larynx and hypophar-
ynx [30]. These changes may also impair swallowing recovery
after stroke when a tracheostomy is needed for a longer period
of time. Results from the present study suggest that a tra-
cheostomy could be an inhibiting factor for recovery of the
swallowing function in patients with post-stroke dysphagia.

During swallowing, the closure of laryngeal vestibule
occurs by contact of the epiglottic petiole with the ary-
tenoids, which makes laryngeal elevation an important
mechanism for airway protection [33]. Although there was
no significant difference in the maximum angle of epiglottic
tilt, which is also related to the risk of aspiration in stroke
patients [34], it is most likely the decreased laryngeal ele-
vation in the TRACH group that is contributing to worse
swallowing function. Investigators have recently started
using kinematic analysis to evaluate the velocity of hyola-
ryngeal movements during swallowing [34, 35]. Seo et al.
[34] reported that sluggish hyolaryngeal movements during
swallowing are a remarkable feature of post-stroke dyspha-
gia. Nagi et al. [35] suggested that increased hyoid velocity
with thickened liquids may be a mechanism contributing to
improved airway protection by facilitating more timely
laryngeal vestibule closure. Therefore, decreased velocity of
laryngeal elevation and hyoid horizontal excursion in the
TRACH group and decreased velocity of horizontal laryn-
geal movement in patients with cuffed cannulas may reflect
the negative impact a tracheostomy has on the swallowing
function of dysphagic stroke patients.

Significant difference in MBI between the two groups
may represent more severe medical or neurological con-
ditions in the TRACH group than in the NO-TRACH
group, although tracheostomy itself can limit functional
activities. Inferior swallowing function and kinematics in
the TRACH group could in part result from the patient’s

premorbid or post-stroke disease condition, independent of
the effect of the tracheostomy. Our results also show that
the TRACH group had some decreased oral motor func-
tions, such as bolus formation and inadequate mastication,
although the tracheostomy does not appear to have a direct
effect on oral motor function. This could be attributed to
the TRACH group’s limited oral intake, as indicated by the
lower FOIS. However, a decline in general functional or
cognitive status may also contribute to poor oral motor
function in TRACH group. Therefore, the results of the
present study should be interpreted cautiously by consid-
ering the potential limitations of a retrospective study.

Our study has certain limitations. First, our main finding
was a more deteriorated swallowing function and kinematics
in dysphagic stroke patients with tracheostomies compared to
those without. These differences found between the two
groups may have been a manifestation of their disease rather
than an effect from the tracheostomy since the central control
of swallowing and respiration are closely interrelated [36]. As
mentioned above, the probable differences in medical and
neurological status between the two groups may also con-
tribute to the results. Second, this was a retrospective case—
control study. Although age, sex, and stroke-type were mat-
ched and there was no significant difference in the duration of
disease, there could have been differences in their clinical
status, such as cognitive state and respiratory function, that
contributed to the differences seen in their swallowing func-
tion. Adequate clinical information could have allowed for
better statistical matching, such as propensity score matching,
which would have produced a more reliable result.

Conclusions

This study demonstrated that stroke patients with tra-
cheostomies had inferior swallowing function and kine-
matics compared to those without tracheostomies.
Tracheostomy weaning and cuff deflation may help them
overcome their swallowing difficulties. Based on our
findings, a prospective longitudinal study is warranted in
order to elucidate the effects of a tracheostomy on swal-
lowing recovery in stroke patients.
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