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ORIGINAL ARTICLE

Efficacy of a Compound Swallowing Training
Program Incorporating Neuromuscular
Electrical Stimulation on Postoperative
Chronic Dysphagia in Patients with
Tongue Cancer

U-Hin Lai a, Yu-Chi Huang a,b, Ching-Yi Liao a,
Xiao-Rou Ding a, Chau-Peng Leong a, b,*

a Department of Physical Medicine and Rehabilitation, Kaohsiung Chang Gung Memorial Hospital, Kaohsiung City,
Taiwan
b School of Medicine, Chang Gung University, Taiwan

Abstract

Objective: To investigate therapeutic effects of a compound swallowing training program(CSTP) that
includes neuromuscular electrical stimulation, swallowing muscle strengthening, posture training, food
texturemodification, and the use of adaptive feedingdevices on chronic dysphagia after surgical treatment
of tongue cancer(TC), and review the long-term swallowing outcomes and possible adverse effects.
Materials and methods: In this retrospective longitudinal study, we included patients with chronic

dysphagia after surgical treatment of TC, who received a total of 10 CSTPs three times weekly, for 1 h
each time. Penetration-Aspiration Scale (PAS), Functional Dysphagia Scale (FDS), and Swallowing
Performance Rating Scale (SPS) scores were compared before and after curative treatment and at the 6-
month follow-up.
Results: Twelve patients were included in this study (11 men and one woman; mean age: 56 years;

range: 42e74 years). The initial assessment was performed an average of 11.9 months after surgery
(range: 6e34 months). There was a significant improvement in the SPS scores one month and six
months after completing CSTP (p ¼ 0.015, p¼ 0.024). Six months after completing CSTP, the total FDS
scores of 5 mL of thin liquids and 5 mL of thick liquids significantly improved compared with those
before training (p ¼ 0.007, p ¼ 0.011). Three of seven patients requiring chronic tube feeding had the
nasogastric tube successfully removed after training.
Conclusion: This study suggested that CSTP has positive effect on improving the swallowing function,

based on the SPS and FDS score on the liquid swallowing test in TC patients with chronic dysphagia.
CSPT may increase the likelihood of feeding tube removal in TC patient with chronic dysphagia.

Keywords: Tongue cancer, Dysphagia, Neuromuscular electrical stimulation, Swallowing training

1. Introduction

O ral cancers are a form of malignant
head and neck tumors (HNC) that are

associated with significant morbidity and

mortality, and account for a 4.98e7.25% of
all malignant tumors.1 Tongue cancer (TC)
is the one of the most common oral cancers.
The proportional rate of TC to all oropha-
ryngeal cancer accounted for 26.4e26.67% in
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men and 28.77e34.85% in women in
Taiwan.2

More than 50% of patients with isolated
tongue resection or tongue resection mixed
with anterior floor resection (including
partial mandibular, anterior floor, sublin-
gual gland, and neck dissection) have sig-
nificant swallowing impairments.3 Removal
of the floor of the mouth and the base of the
tongue may affect the oral and pharyngeal
stages of swallowing.3,4 Patients with
advanced cancer usually require radiation
and/or chemotherapy, which often results
in reduced salivary secretion, further dam-
age to tiny blood vessels, fibrosis of adjacent
muscles and soft tissues, long-term xero-
stomia, and prolonged food transit time
during the oral and pharyngeal phases of
swallowing.4 Dysphagia owing to adverse
effects caused by cancer treatments may
further lead to malnutrition, dietary re-
strictions, choking, pneumonia and even
life-threatening complications.4,5

Traditional swallowing therapy, including
the Shaker exercise, Mendelsohn maneuver,
supraglottic swallow maneuver, tongue-
holding maneuver, repeated swallow,
effortful swallow, and food texture modifi-
cation, are promising to improve swallow-
ing function in patients with HNC.4,6

Prophylactic swallowing exercises have
been shown to be effective in maintaining
pharyngeal muscle tone and improving
swallowing function at 3 and 6-month post
treatment.7 Zhang et al.8 used direct and
indirect swallowing therapy in patients with
dysphagia after TC surgery and found that it
effectively improved postoperative
dysphagia and quality of life. Recent studies
suggest that motor exercise before and
during radiation may reduce chronic
dysphagia in patients with advanced
HNC.6e9 Research reported that in 12e69%
of patients with HNC, dysphagia did not
improve 3e6 months after treatment, and it
even got worse in 8e20% of patients.6,10

Therefore, an effective swallowing treat-
ment protocol should be developed in order
to improve the swallowing function of pa-
tients with HNC suffering from chronic
dysphagia.
Decrease hyolaryngeal excursion caused

by muscle weakness can affect swallowing
performance and increase the risk of aspi-
ration.4 Head lifting exercise, focused on

strengthening the submental muscles, were
suggested effective for pharyngeal
dysphagia in HNC.10 Post exercise surface
electromyography demonstrated signs of
fatigue by reducing muscle activity. This
evidence provides support of swallowing-
related fatigue from exercise.10 For physi-
cally debilitated patients, they may not be
able to fully cooperate with these exercise
training and the treatment may fail. There-
fore, the efficacy for exercise depends on the
compliance of the patients.11 Continual
eating over the course of a meal requires
endurance. For patients with dysphagia,
impaired endurance or fatigue may affect
swallowing performance and increases the
risk of aspiration.12 Clinically treatment
recommendations include shortening meal
time, taking more frequent meals, adjusting
food texture, and shortening treatment ses-
sion duration to minimize fatigue effects.12

As there is still a lack of clinical guidelines,
further study is required to establish a
common framework for clinician.
Neuromuscular electrical stimulation

(NMES) has been suggested as a potential
treatment strategy for oropharyngeal dys-
phagia.13e15 When applied to the neck
muscles, NMES may lead to more powerful
contractions of the swallowing muscles,
thus enhancing the hyoid excursion and
strength laryngeal elevation, which leads to
better swallowing effort.16 Most early
studies have focused on the treatment of
neurological dysphagia and how to increase
the removal rate of nasogastric and gastro-
stomy tubes.13,15 Research has demon-
strated that using NMES as a conjunction
therapy can improve oropharyngeal func-
tion and enable greater oral intake of
normal food consistencies, but no relevant
effect was found when used alone.15 Lin
et al.14 studied the use of functional elec-
trical stimulation for the treatment of
dysphagia after radiotherapy for nasopha-
ryngeal carcinoma. Compared with home
exercises, functional electrical stimulation is
superior in terms of the improvement of
various indicators of swallowing and quality
of daily life. Ryu et al.15 studied the use of
NMES combined with traditional swallow-
ing exercise therapy to treat dysphagia in
the acute treatment phase of HNC, and
found that its effect was better than that of
traditional therapy alone. However, a large,
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randomized, controlled clinical trial deter-
mined that NMES did not add any benefit to
traditional dysphagia therapy for post-radi-
ation dysphagia in HNC after 12 weeks of
training, and the active NMES group had
significantly worse penetration aspiration
scale scores than did the sham group.17

Although NMES has been used as a sup-
plement for swallowing training, its efficacy
is still inconsistent. Reference evidence and
standard protocols are lacking for the
treatment of chronic dysphagia in patients
with TC.
A compound swallowing training pro-

gram (CSTP) that combines NMES, swal-
lowing muscle strengthening exercise,
posture adjustment, stepwise food texture
modification and instructions on the use of
adaptive feeding devices was used to treat
dysphagia in patients with HNC. Premising
that NMES can be considered as an
adjunctive treatment modality for
dysphagia, and considering the patients’
ability to eat each meal and possible swal-
lowing-related fatigue from exercise ther-
apy in patients with HNC, in this 1- hour
training protocol, combined therapy was
only performed in second 30 min of the
hour, while NMES is performed in the first
30 min. We hypothesized that strengthening
the atrophy or fibrotic muscles by using
non-active locomotor tools (NMES), fol-
lowed by active exercise and various swal-
lowing techniques, can also effectively
improve swallowing function for chronic
severe dysphagia in TC. Therefore, the
present study aimed to investigate the effi-
cacy of CSTP for postoperative chronic
dysphagia in patients with TC and evaluate
its long-term benefits to serve as a reference
for clinical treatment and rehabilitation.

2. Materials and methods

2.1. Participants sampling

This was a retrospective longitudinal
study that included patients with chronic
dysphagia, who were referred by the HNC
team to the rehabilitation department after
TC surgery, radiation and/or chemotherapy,
from 2013 to 2016. The TC was diagnosed,
localized, and staged based on the medical
history, physical examination, computed
tomography or magnetic resonance

imaging, and postoperative pathology re-
ports of the patients. The inclusion criteria
were as follows: (1) Patients with single-site
TC, had undergone surgery more than 6
months earlier and had received traditional
swallowing training, and had a persistent
swallowing disorder with a functional oral
feeding scale (FOIS) score �4. Their skin
condition at the treatment site was stable,
and had no signs of wound, inflammation,
or cancer recurrence. (2) Those had finished
10 sessions of CSTP, and had completed
three videofluoroscopic swallowing studies
(VFSS). We excluded (1) patients with
dysphagia caused by other neuromuscular
and skeletal lesions that existed before the
TC treatment, (2) those aged under 18 years,
and (3) those underwent laryngectomy. The
participants were selected from the data-
base of our “Head and Neck Cancer
Research Proposal” (CMRP101-2397A3).
This study was approved by the Institu-
tional Review Broad (IRB) of the Chang
Gung Medical Foundation (IRB number:
202201217BO). The IRB approved the waiver
of the participants’ consent.

2.2. Research design

2.2.1. Collection of basic participants’ data
The following information was recoded

for analysis and comparison: age, sex, can-
cer site, classification, stage, time of occur-
rence, and date of referral.

2.2.2. Treatment protocol
A CSTP that combines neuromuscular

electrical stimulation, swallowing muscle
strengthening exercises, posture adjustment
(chin-up, chin-down, head rotation, head
tilting),4 stepwise food texture modification,
and instructions on the use of adaptive
feeding devices (compressible long-mouth
bottle, long-arm spoon, syringe, and chop-
sticks)4 was performed in this study.
A dual-channel electrical stimulation

therapy device (VitalStim TM, Chattanooga
Group, Hixon, TN) and a compatible spe-
cific electrode patch were used.
This is a 1-h training protocol, involving

30 min of NMES for the swallowing mus-
cles, followed by 30 min of combined ther-
apy of NMES and compound swallowing
training. During the first half hour of the
process, only NMES was performed,
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followed by synchronous therapy with oral
exercise, compensatory postural training,
Mendelsohn maneuver, and stepwise food
preparation guidance combined with NMES
in the following half hour. The need for
adaptive feeding devices was also suggested
individualized according to the first swal-
lowing evaluation and the patients were
educated to use the device during the
treatment process. Treatments were
administered three times per week, each
session lasted 1 h, and a total of 10 sessions
were performed.
NMES adopts a dual-channel synchro-

nous electrical stimulation: the first pair of
electrodes was placed horizontally above
the hyoid bone, and the second pair of
electrodes was placed longitudinally under
the hyoid bone and in the recess of the
thyroid cartilage. If there was a flap or hy-
pertrophic scar in the area above, the elec-
trodes were applied laterally on the
unaffected side (Fig. 1). Placing the second
pair of electrodes longitudinally under the
hyoid bone may keep away from carotid
sinuses on both sides, reducing the risk of
carotid sinus massage during electrical
stimulation. The electrodes were also placed
as close as possible to the thyrohyoid mus-
cle belly to enhance the upward movement
of thyroid cartilage.11,14,18 While monitoring

the patient's feelings, the current intensity
was gradually increased until the throat
became tightened. This was regarded as the
current intensity of muscle contraction, and
this intensity was maintained for a period of
1 h.18

2.2.3. Swallowing assessment and scoring
method

a. Videofluoroscopic Swallowing Studies
(VFSS)

VFSSwas performed at three different time
points to evaluate various data; namely,
before treatment (T0), one week after
completing the treatment course (T1), and six
months after completing the course of treat-
ment (T2). A retrospective chart review was
made five years after the treatment (T3) to
investigate the patient's swallowing perfor-
mance and health status in the chronic phase.
This examination, performed in collabo-

ration with a radiologist and speech thera-
pist, used the lateral and anterior-posterior
views to assess swallowing. Each patient
used 3 and 5 mL of thin liquid, equivalent to
the International Dysphagia Diet Stand-
ardisation Initiative (IDDSI) level 1, respec-
tively. If there was no severe difficulty with
oral delivery (oral transit time [OTT] greater

Fig. 1. Electrodes placement.
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than 5 s) and no significant aspiration, we
proceeded to the next 3 and 5 mL thick
liquid (IDDSI level 2) tests and puree
(IDDSI level 4) test. The test was terminated
once overly prolonged OTT or significant
aspiration was observed.19 In this study, we
defined “significant aspiration” as the aspi-
rated bolus dropped into the lower 1/3 of
the trachea and/or coated on the trachea
wall.
The results were graded by a senior

speech therapist experienced in performing
VFSS. The presence or absence of pene-
tration and aspiration was defined accord-
ing to the Penetration-Aspiration Scale
(PAS), which is an eight-points scale used
to define the severity of choking and aspi-
ration. A score of 2e5 was defined as
penetration and a score of 6e8 was defined
as aspiration.20

b. Functional Dysphagia Scale (FDS)

Based on the indicators of the video
swallowing examination, FDS was used to
evaluate the severity of the dysphagia, bolus
advancement, oral residues, and transit
time. A total of 10 items were used, with the
total score ranging from 0 to 100, the higher
the score, the more serious the dysphagia.
The items included in the scale were lip
closure, bolus formation, oral residues (%),
oral transit time (OTT), triggering of the
pharyngeal swallowing reflex, laryngeal
elevation and epiglottis closure, nasal
penetration (%), residues in the vallecula
and pyriform sinus (%), pharyngeal wall
coating after swallowing, and pharyngeal
transit time (PTT). Oral residue was defined
as any residue in the mouth after swallow-
ing. The OTT was defined as the time in-
terval from the beginning of the movement
of the bolus in the mouth until the first
(front) part of the bolus enters the pharynx
through the intersection of the mandible
and the base of the tongue. A delay was
defined when the OTT exceeded 1.5 s. PTT
was defined as the time interval from the
passage of the front of the bolus (through
the intersection) to the passage of the tail of
the bolus through the upper esophageal
sphincter. A delay was defined as a PTT
>1 s. Higher scores on this scale indicate
worse swallowing performance in the
VFSS.21

c. Clinical swallowing assessment using
the swallowing performance scale (SPS)

This is an assessment tool of swallowing
disorders and feeding plan recommenda-
tion that combines clinical and VFSS find-
ings. The scale grades swallowing disorders
with scores ranging from 0 to 7, with higher
scores representing more severe swallowing
disorders; a score of 1 corresponds to
normal oral intake, meanwhile a score of 7
corresponds to severe impairment with
significant aspiration, or insufficient transit
from the oropharynx to the esophagus,
requiring enteral nutritional support.22

2.2.4. Statistical methods
The collected data were encoded and

input for statistical analysis. Wilcoxon's
Signed Rank test was used for the analysis
of median changes over time in SPS, PAS
and FDS for comparison of the values be-
tween different time points during the
treatment course.
The results based on continuous variables

are presented as median and IQR due to the
skewed distribution of most variables. IBM
SPSS Statistics version 25 (IBM Corp.) was
used for all tests and the level of statistical
significance was set at P < 0.05. For multiple
comparisons, the Bonferroni correction was
applied, and the level of statistical signifi-
cance was corrected to P < 0.017.

3. Results

Twelve patients (11 males and 1 female)
with chronic dysphagia secondary to TC
surgery were included in this study. The
average age of the patients was 56 (range,
42e74) years. Four (33.3%) patients had
cancer of the base of the tongue. At the time
of participation in the treatment plan, the
clinical stage of the patients was ranged
from stage II to IV, with 58% among them
having stage IV cancer. The histopatholog-
ical diagnosis was squamous cell carcinoma.
All patients underwent surgery and radia-
tion therapy. Among them, six (50%) un-
derwent total tongue resection and eight
received mandibulectomy. The initial
assessment was performed at 11.9 (range,
6e34) months postoperatively. The basic
patient information is listed in Table 1.
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Table 2 shows the results of the VFSS
assessment (using liquid barium) before the
treatment. All patients had limited tongue
movement, more than half had a delayed
oral transit time, 83.7% had oral residue,
and 75% had varying degrees of difficulties
in mouth opening. The main problems in
the pharyngeal phase were the presence of
residues in the vallecular and pyriform
sinus, and 10 patients (83.3%) had penetra-
tion or aspiration.

After the intervention of CSTP, swallow-
ing function improved generally, and five
patients (41.3%) had improved PAS scores.
Five patients had improved PAS scores at T2
compared to the scores at T0. Changes in
PAS scores at different time points are
shown in Fig. 2. Seven patients (58%) had
improved SPS grades after treatment, and
four patients (33%) showed further im-
provements at T2. The changes in the SPS
scores at different time points are shown in
Fig. 3. There was a significant difference in
the SPS grades at T1 and T2 (p ¼ 0.015,
p ¼ 0.01). Regarding the VFSS, the FDS
scores of different barium bolus textures
improved after treatment but not signifi-
cantly. In the follow up study, the FDS
scores of 5 mL thin liquid and 5 mL thick
liquid bolus at T2 were significant improved
when comparing to those at T0 (p ¼ 0.007,
p ¼ 0.011). In the comparison between T2
and T1, we also found a significant
improvement in 5 mL thin liquid and 3 mL
thick liquid bolus (p ¼ 0.007, p ¼ 0.017).
These finding showed that the swallowing
function in our patients continued to
improve after completing treatment
(Table 3).
In 5 years review of the 12 patients after

CSTP, three among the seven patients who
required long-term tube feeding before
treatment could successfully get nourished
without the nasogastric tube after the treat-
ment. Two patients developed facial cellulitis
during the follow-up period; however, they
recovered after antibiotic treatment. After

Table 1. Basic characteristics of patients.

Number
of people
(n ¼ 12)

%

Age(y/o) 56 ± 8.13
Gender

Male 11 91.7
Female 1 8.3

BMI 21.79 ± 3.14
Site

Oral tongue 9 75
Basal tongue 3 25

Stage
T
1/2/3/4 0/4/1/7 0/33.3/8.3/58.3

N
0/1/2 10/1/1 83.3/8.3/8.3

M
0/1 12/0

Resection 12 100/0
Total tongue resection 6 50
2/3 tongue resection 3 25
Wide excision 3 25

Radiation therapy 12 100
Chemotherapy 4 33.3
Time to start treatment

(months)
11.8 ± 8.59

Table 2. Results of VFSS assessment of liquid barium before treatment.

Patient Difficulty
in mouth
opening

Limited
tongue
movement

Oral
residue

Delayed
OTT

Nasal
penetration

VR PR Penetration Aspiration

1 þ þ þ þ þ þ þ e e

2 þ þ þ þ þ þ þ þ e
3 þ þ e e e e e þ e

4 þ þ þ þ e þ e þ e

5 e þ þ þ e þ þ þ þ
6 þ þ þ þ e þ e þ e
7 e þ þ þ e þ þ þ þ
8 e þ e e e e e þ þ
9 þ þ þ e e e e þ e
10 þ þ þ þ e þ þ þ þ
11 þ þ þ þ e þ þ þ e

12 þ þ þ þ e þ þ e e

N (%) 9(75) 12(100) 10(83.7) 9(75) 2(16.6) 9(75) 7(58.3) 10(83.3) 4(33.3)

OTT: oral transit time, VR: vallecular residue, PR: Pyriform sinuses residue.
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CSTP, one of the patients was followed up
for only 3 years, while the remaining 11
cases were regularly followed up for 5 years.
Among the latter, four (33.3%) developed
pneumonia, and two were diagnosed with

lung metastasis and pneumonitis. The latter
two patients later on died. Furthermore,
there were two cases of carotid arterioscle-
rosis and one case of stroke. Relevant
comorbidities are listed in Table 4.

Fig. 2. Changes in the score Penetration-Aspiration Scale of 12 patients at different time points. T0: before treatment, T1: 1 week
after treatment, T2: 6 months after treatment.

Fig. 3. Changes in the grade of the swallowing performance scale of 12 patients in different time points. T0: before treatment,
T1: 1 week after treatment, T2: 6 months after treatment.
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4. Discussion

This study investigated the efficacy of
CSTP in the treatment of chronic dysphagia
after TC surgery. This treatment program
included a combination of 1-h NMES,
swallowing muscle strengthening exercises,
food texture adjustment, swallowing
compensatory posture training, and training
to use adaptive feeding devices. Our results
revealed that after using this treatment
strategy, patients’ short- and mid-term
swallowing functions improved.
Radiation treatment can induce lingual

and pharyngeal muscle fibrosis, diminish
laryngohyoid elevation, and reduce opening
of the upper esophageal sphincter.4,5,16 The
VFSS before CSTP revealed that more than
half of our patients had vallecular residue,
pyriform sinus residue and penetration.
These findings are consisted with previous
reports and indicated that, in addition to
difficulty in oral transition following glos-
sectomy, the patients also had pharyngeal

dysphagia.22 Chronic dysphagia in TC pa-
tients may be multifactorial, and the above
findings may be related to the late effect of
radiation, which may cause lingual and
pharyngeal muscle fibrosis, and pharyngeal
and esophageal stricture. Thus, it reduces
the laryngeal elevation and the opening of
the upper esophageal sphincter, and causes
bolus residue.23 Sensory receptors in the
oropharyngeal region are stimulated by the
passage of a bolus and send signals via in-
terneurons to the medullary swallowing
center, triggering the swallowing reflex and
protecting the airway.23,24 For patients with
chronic feeding tube dependence, a
decrease in oral alimentation may further
induce disuse atrophy and decrease the
sensory feedback of swallowing, thus
increasing the risk of aspiration.24 The
associated weakening of the swallowing
muscles may increase the difficulty in
rebuilding the swallowing function and
affect the patient's willingness to participate
in exercises.4,24 Therefor, for patients with
chronic dysphagia, swallowing rehabilita-
tion should not only consider increasing
muscle strength and improving swallowing
performance but also should try to improve
the willingness of the participants.4,23,25

Normal swallowing muscles include type
I and type II muscle fibers, with different
distribution ratios depending on the loca-
tion. A lack of daily swallowing can result in
disuse atrophy of the oropharyngeal mus-
cles.23,24 Type II muscle fibers predominate
in high-speed contractions of certain
oropharyngeal muscles important for
normal swallowing, and may be the first

Table 3. Comparison of swallowing performance at different time points.

T0 median [IQR] T1 median [IQR] T2 median [IQR] p value

T1/T0 T2/T0 T2/T1

SPS 5[4.0e6.0] 3.5[3.0e6.0] 3[2.25e5.5] .015b .010b .059
PAS 4[2.0e7.5] 2[1.0e6.5] 3[1.0e6.0] .292 .395 .288
Thin liquid 3 mL 32[23.75e39.5] 26[13.0e32.5] 18[5.0e30.0] .102 .050a .059
Thin liquid 5 mL 32[26.5e38.0] 31.5[23.5e36.5] 18[12.0e30.0] .635 .007b .007b

Thick liquid 3 mL 49[34.0e56.0] 44[40.0e48.0] 34[26.0e42.0] .594 .037a .017b

Thick liquid 5 mL 49.5[41.75e60.0] 45[38.0e58.0] 39.5[27.0e44.5] .192 .011b .027a

Puree 3 mL 38[26.0e48.5] 31[23.0e40.0] 28[14.5e41.0] .046a .028a .345
Puree 5 mL 46[26.0e52.0] 40[20.0e45.0] 19[11.0e48.0] .176 .075 .400

Statistical analysis by Wilcoxon's Signed Rank test.
Values are expressed as median [IQR: interquartile range].
T0: before treatment, T1: 1 week after treatment, T2: 6 months after treatment; SPS: Swallowing Performance Scale,
FDS: Functional Dysphagia Scale, PAS: Penetration-Aspiration Scale.
a Statistical significance: P < 0.05
b Statistical significance after Bonferroni correction: P < 0.017.

Table 4. Relevant comorbidities of patients after treatment.

T0 T1 T2 T3

N (%) 12 (100) 12 (100) 12 (100) 12 (100)
Tube feeding 7 (58.3) 4 (33.3) 3 (25) 4 (36.3)
Pneumonia 0 (0) 0 (0) 0 (0) 4 (36.3)
Other oral cancer 0 (0) 0 (0) 0 (0) 2 (16.6)
Facial cellulitis 0 (0) 1 (8.3) 0 (0) 1 (9)
Metastasis 0 (0) 0 (0) 0 (0) 2 (18.1)
Carotid

arteriosclerosis
0 (0) 0 (0) 0 (0) 2 (18.1)

Stroke 0 (0) 0 (0) 0 (0) 1 (9)
Dead 0 (0) 0 (0) 0 (0) 2 (16.6)

T0: before treatment, T1: 1 week after treatment, T2: 6
months after treatment, T3: 5 years after treatment.
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reflected in disuse atrophy.4 In addition to
muscle atrophy, the central sensory circuit
may also be affected in patients with chronic
dysphagia.24 For these reasons, in the CSTP
protocol, we considered using NMES ther-
apy alone in the first 30 min. First, NMES
stimulates forceful muscle contractions,
especially in type II muscle fibers, reverses
normal voluntary recruitment, and en-
hances sensory feedback to the cortical and
subcortical swallowing centers, thus pro-
moting swallowing recovery.15,17 Second,
NMES will help achieve passive contraction
in patients who are unable to perform oral
exercises and movements.
In CSTP, we also combined swallowing

muscle strengthening exercises predomi-
nantly targeting type I muscle fibers, which
can generate greater muscle strength and
enhance the therapeutic effect.
In contrast to non-surgical patients, surgery

can cause oral defects; thus, compensatory
feeding posture and/or adaptive feeding de-
vices were included in the CSTP to overcome
the difficulties of food transportation in the
oral phase. In CSTP, the posture strategies
and/or special adaptive feeding devices were
individualized according to the first VFSS.
VFSS evaluation of swallowing for patient
with chronic dysphagia after glossectomy is
necessary for verifying the auto-regulatory
mechanisms used by the patient before
starting our training program. This study can
also help the researchers to define the
possible risk of aspiration for their swallow-
ing strategy in real-time swallowing study.19

Chin-down posture, in addition to improving
the basal tongue contact to the posterior
pharyngeal wall, was recommended also to
increase laryngeal elevation and airway pro-
tection.4 Chin-up and head tilt to the intact
side, which provides gravity to assist in bolus
transfer to the pharynx, was recommended
for partial glossectomieswith difficulty in oral
transition.4 For those patients underwent
total glossectomy, if their epiglottis move-
ment reduced or completely immobilized,
affecting the protection of the airway during
swallowing was found in VFSS. Chin - up
posture was not recommended, because of
increasing risk of aspiration.26,27 When limi-
tation of mouth opening, increasing oral
transit time, limitation of tonguemotion, and/
or leakage of bolus content during swallows
were observed in VFSS, adaptive feeding

devices including compressible long-mouth
bottle, long-arm spoon, syringe and chop-
sticks were optionally used to improve the
efficiency of bolus passing through the oral
cavity.4,19

Participants in this study were chronic
tube-feeding dependence and had ever
received different swallowing therapy or
home-base swallowing exercise before
participating CSTP. They were still unable to
eat bymouth. In the evaluationwithin 1-week
after CSTP (T1), the nasogastric tube was
successfully removed in three patients (3/7;
42.8%), the improvement may be related to
CSTP. For the long-term effect assessment,
the nasogastric tube removal rate continued
to increase to 57.1%at 6-month followupafter
CSTP. Although many restrictions remained
on the types of food that could be consumed
orally, 58% of patients showed improved SPS
after treatment. Even dysphagia was
improved in ourparticipants, this study failed
to explain for spontaneous recovery because
of no control group was included. Further,
because of the different treatment regimens
patients received, we were unable to use the
data fromVFSS before CSTP as a comparison
of between CSPT and other treatment pro-
grams, thus the effectiveness of CSTP for
chronic dysphagia inTCpatients couldnot be
definitely confirmed.
Our study also demonstrated that the FDS

scores of thin and thick liquid, obtained by
VFSS analysis were significantly improved
compared with those before treatment.
Our positive findings are in consistent with

the NMES study for dysphagia in acute phase
after HNC treatment.15 This study demon-
strated the limitation of eating different food
texture that may be resulted from the
damaged of oral structures and mechanical
component following surgical treatment.15

The curative effect of CSTP on chronic
dysphagia may be related to the designs of
CSTP. In this program, the possible swallow-
ing-related fatigue and the endurance that
patients need to complete a meal were taken
into the consideration. NMES facilitated the
contraction of the disused swallowing mus-
cles in the state of rest. Fatigue during training
session can be prevented by shortening syn-
chronize volitional swallowing exercise and
cooperated with feeding devices in next stage
of treatment, thus compliance can be
improved. As their swallowing performance
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improved, which reflected in the improve-
ment of SPS and FDS, the patients were rela-
tively more willing to cooperate with
swallowing exercises. For those whose naso-
gastric tube could be successfully removed
after CSTP, they continued to experience im-
provements in their results during the 6-
month follow-up. This may be related with
their continued oral feeding practice after the
success of removing the feeding tube.
Although the conclusions of studies on

the application of NMES to treat dysphagia
in patients with HNC remain controversial,
most studies have concluded that NMES is
effective in the treatment of dysphagia after
radiotherapy and chemotherapy and can be
regarded as a tool for swallowing train-
ing.13e15 Our results are consistent with
those described above, suggesting that
NMES can be used as an additional tool to
increase the effects of therapy combined
with swallowing training for TC with
chronic dysphagia. Furthermore, in combi-
nation with oropharyngeal exercise, further
evaluation of adaptive devices and
compensatory techniques is recommended.
The use of swallowing NMES also entails

some limitations: it is not suitable for pa-
tients with severe neuromuscular damage.
Therefore, not all patients with TC can use
the CSTP treatment plan and whether the
surgical resection site affects the aforemen-
tioned muscles and structures must be
determined. During the mid-term follow-up
period of this study, only four patients
(33.3%) had improved PAS after treatment.
During the long-term medical record re-
view, four patients developed pneumonia
during the 5- year follow-up period after
treatment; two of them were mainly due to
lung cancer metastasis (which led to lung
infection and death). The incidence of
pneumonia in this study was 33.3%, which
was higher than 23.8e25.4% reported in the
literature.28e30 Dysphagia-related aspiration
and aspiration pneumonia are serious and
potentially fatal treatment complications in
advance HNC patients.29,30 The significant
risk factors of aspiration pneumonia in
advance cancer included tube feeding,
advance clinical stage, severe dysphagia and
incomplete response to treatment.30 The
increased rate of pneumonia may be related
to the fact that all the participants in this
study had advance cancer with chronic

severe dysphagia. 58.3% of them were
nasogastric tube dependence, thus
increased risk of aspiration pneumonia.
The main limitation of this study was its

small sample size, as this could not enable a
more precise analysis of the treatment out-
comes with regard to the classification of
oral tongue cancer and tongue base cancer
or tongue resections of different sizes. In
this study, most patients with advanced TC
(91.6%), underwent resection of more than
half of their tongue were the high-risk
group for HNC with chronic dysphagia;
consequently, in this small sample size
study, most of the patients who participated
in the treatment plan may have had better
compliance than those who did not meet the
inclusion criteria, because we did not
compare patients with different compliance,
whether there is still a therapeutic effect
using this treatment program is undeter-
mined. Additionally, this study did not
include a control group with different
treatment tools or procedures. Although
most of our patients had received swallow-
ing training or instructions before this
treatment plan, pre-training was inconsis-
tent and could not be used as a control for
this treatment strategy. Therefore, our re-
sults may be used as a reference for pre-
liminary reports, and more cases should be
included in further research and analysis.

5. Conclusion

This study suggested that CSTP has pos-
itive effect on improving the swallowing
function, based on the SPS and FDS score
on the liquid swallowing test in TC patients
with chronic dysphagia. CSTP may increase
the likelihood of feeding tube removal in TC
patient with chronic dysphagia. The results
of pre-training VFSS could guide the choice
of feeding devices and postural strategies
for TC patents with dysphagia.
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