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Abstract: Swallowing difficulties are a common complaint among patients with a variety of dis-
eases. To address these concerns, a singing-enhanced swallowing protocol was constructed, and its
differential benefits for two patient populations were investigated. Two patients with Parkinson’s
disease (PD) and two patients with head and neck cancer (HNC) participated in this study. Each
patient participated in 30-min individual sessions of a singing-enhanced swallowing protocol two
times per week for 12 weeks. Following the intervention, laryngeal diadochokinesis and quality-
of-life measurements were found to be higher in all four patients. However, the Videofluoroscopic
Dysphagia Scale showed this improvement was associated with different swallowing tasks for each
patient group. In addition, the maximum phonation time decreased for patients with HNC, while
it increased for patients with PD. The findings support the use of a singing-enhanced swallowing
protocol for patients whose swallowing difficulties are due to neurological or structural impairment.
In addition, the study results suggest that different intervention components should be considered
depending on the etiology of the patient’s swallowing difficulties.

Keywords: dysphagia; singing; laryngeal elevation; head and neck cancer; Parkinson’s disease

1. Introduction

Difficulty in swallowing is a severe and even life-threatening condition. While there
are various causes of dysphagia [1], it commonly leads to malnutrition and the degradation
of a patient’s immune functions. It is associated with dehydration, laryngeal penetration,
and aspiration pneumonia, which can delay patients’ functional recovery and limit their
ability to independently engage in daily life activities [2]. Since dysphagia is a frequent
complaint among patients with neurological impairment, various approaches to rehabilita-
tive treatment for this population have been developed [3,4]. Although such attempts are
advancing, their outcomes remain mixed [5,6], and efforts to examine these interventions
with specific populations of patients with neurological disorders, such as patients with
Parkinson’s disease (PD) [7], are only just beginning. Alongside patients with neurological
impairment, patients with structural impairment (e.g., resulting from head and neck cancer
[HNC]) are the most vulnerable to swallowing difficulties and resulting malnutrition [8].
Research on patients with HNC found that their swallowing difficulties were typically
severe and even remained after the termination of their cancer treatment [9]. As a result,
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there is increasing interest in developing a rehabilitative intervention for this patient popu-
lation. Unlike other diseases, the etiology of HNC, its treatment, and the complications
associated with HNC treatment can all directly affect the patient’s swallowing mechanism,
resulting in the need for a population-specific intervention.

Singing-based interventions have been introduced to address dysphagia-related symp-
toms and consequences [10–12]. Since singing requires breathing, vocalization, and artic-
ulation with a high respiration volume and vocalization intensity [13] and also involves
the same organs that are used during speaking and swallowing, singing-based exercises
have the potential to improve swallowing-related functions. In a preliminary study [14], a
therapeutic singing technique was used to promote laryngeal elevation, which leads to the
closure of the epiglottis and prevents aspiration during swallowing. The singing protocol
was shown to enhance the swallowing function by strengthening the larynx muscles of
patients with dysphagia.

Such laryngeal elevation-based singing techniques have recently been found to offer
desirable outcomes for some patients with neurological impairment [15]. This is likely due
to laryngeal movements that are involved in breathing and phonation as well as swallowing.
Disorders that result in neurological impairment of the airway can disrupt swallowing
apnea, which is one of the critical mechanisms that prevents airway aspiration [16]. For
patients experiencing dysphagia due to neurological impairment, laryngeal elevation
exercises that strengthen the larynx muscles are recommended alongside breathing or
vocalization training. Such exercises can be adjusted to alter the intensity of the training
and the difficulties of the task based on the specific needs of the patient with dysphagia
and the etiology of the patient’s symptoms [14,17].

According to this perspective, singing can address the diverse needs of patients with
dysphagia. Singing involves breathing and vocalization, and it can require a broad range
of vocalization and articulatory movement depending on the type of syllables, words, or
combination of words included in the lyrics or musical elements. Vocalization required for
singing can improve the muscular functions of the articulation organs, such as the chin, the
lips, and the tongue. In addition, the breathing control required for singing can strengthen
the mobility and breathing functions of the facial and oral cavity muscles by inducing the
coordination of vocalization organs as well as inducing regular and stable breathing [18].
Research has shown that repetition of vocalization with different musical notes assists
maintenance of the elevation of the larynx through the up and down movement of the
larynx [14]. With the possibility to adjust the multifaceted features of singing at different
levels, singing for rehabilitation may differentially affect patients with different diagnoses
(e.g., neurological or structural impairment).

Despite differences in etiology, the swallowing difficulties of patients with neurological
impairment can resemble the swallowing difficulties of patients with structural impairment.
It remains unclear whether singing-based interventions differentially impact patients
based on the etiology of their dysphagia. As such, this study implemented a singing-
enhanced swallowing protocol with two patient groups: patients whose dysphagia was
due to neurological impairment (PD) and patients whose dysphagia was due to structural
impairment (HNC) and compared the results of a singing-enhanced swallowing protocol
for patients with different diagnoses in terms of outcomes and protocol considerations.
The results of this study present baseline data and clinical implications for applying more
diversified singing-based swallowing interventions for patients with dysphagia.

The research questions were the following:
Are there changes in the patients’ swallowing function, speech-language function,

and swallowing-quality of life after their engagement in the singing-enhanced swallow-
ing protocol?

Are there differences between the two patient groups (i.e., PD and HNC) in terms of
their repetition rate for each component of the protocol?
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2. Materials and Methods
2.1. Research Design

This research involved an empirical case study. Four participants were recruited.
Before and after implementation of the protocol, observation-based measurements and task-
based objective data were collected from the sample and analyzed in order to investigate
changes in the patients following their participation in the protocol.

2.2. Participants

All procedures in this study were reviewed and approved by the Institutional Review
Board of Severance Hospital (IRB No. 4-2012-0483). Four patients with dysphagia partici-
pated in this study: two were diagnosed with PD and two were diagnosed with HNC (one
with tongue cancer and the other with mandibular gland cancer). The patients’ mean age
was 65.8 years (ranging from 54 to 77 years), and the duration since diagnosis ranged from
3 to 7 years. Prior to their participation, each patient completed the informed consent form.
Patients’ demographic information is displayed in Table 1.

Table 1. Demographic information of participants.

Patient Sex Age Diagnosed Disorder Duration Since Diagnosis (Years)

A Female 77 Parkinson’s disease 5.2
B Male 72 Multiple system atrophy 7.0
C Female 54 Tongue cancer 3.0
D Female 60 Mandibular gland cancer 4.8

2.3. Procedures

Each patient participated in individual 30-min sessions of the singing-enhanced swal-
lowing protocol two times per week for 12 weeks. Some sessions were missed due to
patient illness, resulting in patients receiving 20 to 24 sessions. Pretest measures were
administered during the week prior to the patient’s first intervention session, and posttest
measures were taken within 1 week after the patient completed the protocol.

2.4. Singing-Enhanced Swallowing Protocol

The singing-enhanced swallowing protocol consisted of five parts: respiratory muscle
relaxation, vocal folds relaxation, laryngeal elevation, and two types of modified singing
(i.e., singing focused on oral motor movement and respiration). The protocol was a modi-
fied version of the music-based swallowing enhancement protocol developed by one of
the investigators of this study [12]. For the original protocol, swallowing exercises focused
on laryngeal elevation as the primary activity. To investigate whether the swallowing
enhancement protocol could effectively be applied to an expanded population, this study
constructed a modified version of the protocol by adding singing that targeted oral motor
movement and respiratory movement [15,19].

The first part of the protocol involved respiratory muscle relaxation. This was achieved
through upper body movements: turning the neck right and left, lifting and lowering the
shoulders, and stretching by fully extending the arms forward. These movements were
accompanied by live keyboard playing, and the tempo and dynamics of the music were
adjusted to match the movement executed by the patients and to provide a cue for each
target movement.

The second part involved vocal folds relaxation and consisted of vocalizing single
vowels, humming, and gliding a sound. This required the patients to vocalize the vowel
/a/ while exhaling after inhaling sufficiently and holding their breath for a short while to
achieve the effects of strengthening diaphragm resistance and lifting the soft palate. Since
swallowing occurs during a state of momentary apnea, repetition of such training can help
prevent airway aspiration. The patients were then instructed to hum or vocalize with a
low voice to open-up the vocalization organs. Since humming can relax a tensed larynx
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and cause the vocal folds to become gradually introverted within a narrow range, it is
appropriate as a preparatory process for vocalization [20].

Then, the patients executed vocal sound gliding using a single vowel from the lowest
to the highest musical notes within their range. This aimed to induce the up and down
movement of laryngeal muscles along with the movement of the oral cavity muscles; this
can be deemed an appropriate activity for indirect observation of a patient since the range
of the musical notes changes following the adjustment of the length of the vocal cords.

The third part of this protocol targeted laryngeal elevation, and this was the primary
component of the protocol. This involved inducing laryngeal elevation by executing se-
quential vocalization of two vowels, /ooh/ and /i:/, following two different pitches. Each
patient was instructed to vocalize the back vowel /ooh/ at a low pitch, the front vowel
/i:/ at a high pitch, and both sounds with different musical pitches. Vocalizing from
/ooh/ to /i:/ in a sequence without a break in phonation was repeated, which involves
the movement of lingual muscles and larynx elevation as the tongue changes for each
articulation position. Furthermore, jumping between two different pitches induces the
elevation of laryngeal muscles [21]. This activity was designed to augment the upper
esophageal sphincter (UES) opening by prolonging laryngeal elevation during swallow-
ing. Maintaining this shape of the mouth may help to increase the duration of laryngeal
elevation. While each patient was instructed to vocalize the two vowels differently by
changing the pitch, they were assured that they did not have to produce an accurate pitch
that matched the accompanying music (i.e., the piano).

Finally, the last two parts are the modified singing for respiratory control and for
articulation based on the use of extended musical phrases or accents on regular beats in
a song. For these parts, musical elements were modified to require controlled breathing
or vocalization at different levels. While the patients’ preferred pieces were used, the
original song’s lyrics, melody, or rhythm was modified. For respiratory control, repeated
short phrases of melodies were included in the song while requiring regular breathing
between phrases. For oral motor movement for articulation, repetition of a target vowel or
a combination of syllables requiring patients to perform the target movement was included
in the song.

2.5. Measures
2.5.1. Videofluoroscopic Dysphagia Scale for Assessment of Swallowing Function

To analyze the changes in each patient’s swallowing function from pretest to posttest, a
Videofluoroscopy Swallowing Study (VFSS) was administered, which recorded the patients
engaging in swallowing tasks. Each patient swallowed three types of barium with the level
of viscosity adjusted: 35% w/v of liquid barium solution with three-fold volume and two
solid types of powder barium mixed at 12% (i.e., thick) and 6% (i.e., thin). A total of six
swallowing tests were administered: 5 cc and 15 cc of high viscosity barium (thick solid),
5 cc and 15 cc of low viscosity barium (thin solid), and 5 cc and 15 cc of liquid barium
(liquid). Each swallowing test was recorded at two phases (i.e., oral cavity phase and
pharyngeal phase) and analyzed using the Videofluoroscopic Dysphagia Scale (VDS) [21].
Two evaluators (i.e., the first author and a researcher in rehabilitation medicine blind to
the patients’ diagnoses) watched the recorded video and rated each patients’ swallowing
function using the VDS. This scale consists of 14 items with seven items representing oral
functions (i.e., closure of the lips, formation of food, mastication, swallowing apraxia,
tongue-palate contact, early phase loss of food, and time for the swallowed substance
to pass the oral cavity) and seven items representing pharyngeal functions (induction of
pharynx swallowing, residue in the laryngeal flexure, laryngeal lift, residue in the pyriform
sinus, pharyngeal wall coating, time for the swallowed substance to pass through the
pharynx, and aspiration). The maximum score is 100, and a higher score signifies greater
severity of dysphagia. The interrater reliability exceeded 90%.
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2.5.2. Voice Data Collection for Assessment of Speech-Language Function

Patients’ voice data were recorded in a quiet room with an ambient noise of less than
50 dB. A 20 cm distance was maintained between the mouth and the voice recorder, and the
recorded voice data were analyzed using the Praat program. As a voice measure, maximum
phonation time (MPT) was recorded. Each patient was asked to make the /ah/ sound and
maintain it for as long as possible. Three trials of phonation were administered, and each
patient’s longest MPT was included in the analysis. Furthermore, to evaluate the range and
speed of movement of the vocal folds, each patient was asked to repeat the glottal syllable
/∧/ as quickly, consistently, and accurately as possible for 5 s, and the rate of laryngeal
diadochokinesis (L-DDK) was measured by calculating the number of syllables spoken per
second [22–25].

Lastly, to evaluate patients’ oral motor articulatory function, alternating motion rate
(AMR) and sequential motion rate (SMR) were measured. For the AMR measure, patients
were asked to repeat /puh/, /tuh/, and /kuh/ as fast and as accurately as possible for
5 s. For SMR, the patients were asked to repeat /puh-tuh-kuh/ in a sequence over 5 s. The
number of repeated target sounds during the 5 s was calculated.

2.5.3. Swallowing Quality-of-Life Questionnaire

In this study, the Korean version of the Swallowing Quality-of-Life (SWAL-QOL)
measure was used. The original SWAL-QOL has been validated in Korea and found
to be a clinically valid and reliable tool for assessing the quality of life of Koreans with
dysphagia [26]. SWAL-QOL is a 44-item tool that takes about 15 min to complete and
assesses 10 quality-of-life concepts. It consists of eight dysphagia-related categories (food
selection, burden, mental health, social functioning, fear, eating duration, eating desire,
and communication) and two general quality-of-life categories (sleep and fatigue). The
questions were intended to reflect the patient’s swallowing experience over the preceding
month. SWAL-QOL also includes a 14-item symptom frequency battery, three questions
related to nutritional intake, and one question on general health. The questions are scored
on a 5-point Likert scale that can be transformed to scores ranging from 0 to 100 (least
favorable to most favorable).

2.5.4. Repetition Rate of Each Component in the Protocol

Each patient engaged in each of the five parts of the protocol. After completing
the target tasks as planned, additional repetition of target tasks was requested if the
patient did not complete the task to an expected level. While a lower repetition rate
of a particular component indicates the patient’s higher performance in that part of the
protocol, a higher repetition rate indicates lower performance with greater demand for that
specific component.

3. Results
3.1. Data on the Swallowing Function

The results of the VDS are presented in Table 2. All four patients showed decreases in
their VDS scores, particularly for the thick solid form of barium (both at 5 cc and 15 cc),
which indicates an improved swallowing function. They also tended to swallow the thin
solid form of barium more quickly at posttest, except one patient with PD (B) who showed
no changes in their swallowing score for 15 cc of thin barium at any of the phases. For
the liquid barium, there were group differences. Patients with PD (A and B) showed no
changes for both 5 cc and 15 cc of liquid, while patients with HNC (C and D) showed
decreases (i.e., improved swallowing function) when passing the 5 cc of liquid through the
oral cavity.
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Table 2. Results of VDS measurements.

Food
Texture Volume Swallowing

Phase

Dysphagia Patients with PD Dysphagia Patients with HNC

A B C D

Pre Post Change Pre Post Change Pre Post Change Pre Post Change

Thick
solid

5 cc
Oral 28.0 26.5 + 21.0 19.0 + 18.0 15.0 + 18.5 13.0 +

Pharyngeal 43.0 32.0 + 38.5 37.0 + 26.0 21.5 + 32.5 2.0 +
Total 71.0 58.5 + 59.5 56.0 + 44.0 36.5 + 51.0 15.0 +

Thick
solid

15 cc
Oral 24.0 19.5 + 16.5 16.5 / 19.5 18.0 + 14.0 10.0 +

Pharyngeal 43.0 41.0 + 43.0 40.0 + 26.0 23.5 + 22.0 2.0 +
Total 67.0 60.5 + 59.5 56.5 + 45.5 41.5 + 36.0 12.0 +

Thin
solid

5 cc
Oral 28.0 23.5 + 16.5 13.5 + 15.0 15.0 / 15.5 10.0 +

Pharyngeal 40.0 40.0 / 38.5 35.5 + 30.5 12.5 + 26.5 2.0 +
Total 68.0 63.5 + 55.0 49.0 + 45.5 27.5 + 42.0 12.0 +

Thin
solid

15 cc
Oral 25.0 22.0 + 12.0 12.0 / 15.0 15.0 / 14.0 8.5 +

Pharyngeal 35.5 32.5 + 34.0 34.0 / 30.5 14.5 + 26.5 11.0 +
Total 60.5 54.5 + 46.0 46.0 / 45.5 29.5 + 40.5 19.5 +

Liquid 5 cc
Oral 18.0 18.0 / 15.0 15.0 / 22.0 15.5 + 10.0 8.5 +

Pharyngeal 30.5 30.5 / 30.5 30.5 / 30.5 6.5 + 2.0 2.0 /
Total 48.5 48.5 / 45.5 45.5 / 52.5 22.0 + 12.0 10.5 +

Liquid 15 cc
Oral 16.5 16.5 / 13.5 13.5 / 22.0 15.5 + 8.5 8.5 /

Pharyngeal 30.5 30.5 / 30.5 30.5 / 21.5 21.5 / 2.0 2.0 /
Total 46.5 46.5 / 43.5 43.5 / 43.5 37.0 / 10.5 10.5 /

Note. Data in the table are the scores of VDS. Shaded area and + represent improved swallowing function, given that the increased VDS
score indicates increased severity of dysphagia, / indicates no change at posttest compared to pretest.

3.2. Data on the Vocal and Speech-Language Functions

The results of vocal and speech-language function measures before and after the
intervention are presented in Table 3.

Table 3. Results of vocal and speech-language function measurements.

Measurement

Patients with PD Patient with HNC

A B C D

Pre Post Change Pre Post Change Pre Post Change Pre Post Change

MPT (seconds) 13.3 16.0 + 3.7 8.8 + 10.5 9.8 − 14.2 12.0 −
AMR (times)

/puh/ 8 9 + 6 7 + 14 18 + 19 24 +
/tuh/ 7 9 + 6 7 + 17 17 / 19 24 +
/kuh/ 8 12 + 5 6 + 15 16 + 18 24 +

SMR (times) 4 6 + 2 2 / 7 7 / 6 8 +
L-DDK (times) 10 13 + 5 8 + 14 20 + 15 20 +

Note. Shaded area and + indicate improvement; − indicates decreases in measures and / indicates no change from pretest to posttest.

In terms of MPT, both patients A and B, who were diagnosed with PD, showed
increases, while patients C and D, who were diagnosed with HNC, showed decreases (see
Table 3 and Figure 1).
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Table 4. Evaluation scores for SWAL-QOL 

Patient A B C D 
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Eating duration 2 4 6 7 3 6 3 6 
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Symptom frequency 33 37 43 46 27 40 25 31 
Food selection 2 5 8 7 5 5 6 8 
Communication 4 4 6 8 5 5 4 7 
Fear 5 8 14 15 9 12 6 10 

Figure 1. Results of MPT before and after intervention for each patient.

For AMR and SMR, which indicate the oral motor movement rate, patients generally
showed increases in AMR, except for patient B who exhibited no change on the AMR
subtask with /tuh/, and in each patient group, one patient (A and D) showed an increase
on SMR for /puh-tuh-kuh/ while the other patients (B and C) showed no changes.

In terms of L-DDK, as illustrated in Figure 2, this measure increased after the interven-
tion for all four patients. When it was converted into speed per second, greater increases
were observed for patients with HNC (increase from 3.8 to 4.6 for patient D and from 2.8 to
3.8 for patient C) than for patients with PD (increase from 2.6 to 3.6 for patient A and from
1 to 1.6 for patient B).
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Figure 2. Results of L-DDK measurement before and after the intervention for each patient.

3.3. Data on the SWAL-QOL

The SWAL-QOL scores are presented in Table 4. All of the patients’ total scores in-
creased after the intervention. Items in which all patients showed improvement included
burden of swallowing, sustained period of eating, and frequency of swallowing difficul-
ties, which indicate that all patients perceived positive changes directly related to their
swallowing-related symptoms.

3.4. Repetition Rate of Each Component within the Protocol

Additionally, we also analyzed the repetition rate of each component within the
protocol when applying the task in order for the patient to complete the task at the expected
level. Each target task related to the protocol component was categorized into relaxation of
respiratory muscles, relaxation of the vocal folds, laryngeal elevation, or modified singing.
An increased repetition rate indicates that the patient needed more time to complete the
task at an expected level, which means the patient needed to practice that component more.
Patients showed a clear difference in their repetition rates. It is interesting to note that
patients A and B (with PD) demonstrated similar results as did patients C and D (with
HNC), indicating that the diagnostic group may be a factor in these results (see Figure 3).
While patients with PD spent more time on relaxation of respiratory muscles, singing
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focused on respiration, and laryngeal elevation, patients with HNC spent most of their
time on oral motor movement-based singing. In other words, patients A and B (with PD)
needed to engage in exercises for laryngeal elevation for a longer period of time than the
other group, while patients with HNC needed to engage in vocalization and singing that
included syllables and words requiring substantial oral motor movements (e.g., the oral
cavity and facial muscles) for more time than the patients with PD.

Table 4. Evaluation scores for SWAL-QOL.

Patient A B C D

Measurement Pre Post Pre Post Pre Post Pre Post

Burden 2 4 4 8 4 5 2 4
Eating duration 2 4 6 7 3 6 3 6
Eating desire 11 10 12 11 10 9 9 10
Symptom frequency 33 37 43 46 27 40 25 31
Food selection 2 5 8 7 5 5 6 8
Communication 4 4 6 8 5 5 4 7
Fear 5 8 14 15 9 12 6 10
Mental health 5 10 20 19 8 11 7 9
Social functioning 7 10 20 25 10 10 10 13
Fatigue 3 3 6 10 8 9 6 5
Sleep 5 5 4 7 6 6 4 6

Total 79 100 143 163 95 118 82 109

1 

 

 

Figure 3. Repetition rate of each component within the protocol for each patient.

4. Discussion

This study investigated whether a singing-enhanced swallowing protocol led to
improvement in swallowing function, speech-language function, and quality of life for
patients with dysphagia due to PD or HNC. This study also compared the benefits of the
protocol between the two diagnostic groups.

In terms of changes in swallowing function measured by VDS, both patient groups
tended to show improvements in swallowing thick solid barium, while improvements
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in swallowing the liquid type of barium were only observed in the HNC group. Given
that voluntary swallowing exercises are important [27], behavioral techniques, including
supraglottic swallow, Mendelsohn maneuver, effortful swallow, Masako maneuver, and
Shaker exercise, have traditionally involved repeated exercises that strengthen the relevant
muscles [28]. These techniques require complex coordination and maintenance of high-
intensity exercises [29]. As such, the need for more diversified strategies is increasing,
and the patient population itself is becoming more diverse. The results of this study
indicate that singing-enhanced protocols are effective in promoting motor coordination
(e.g., laryngeal elevation) in patients with dysphagia. Singing, as a complex process
involving breathing and oral motor movements, can involve diverse types and levels
of coordination of different muscles engaged in the swallowing process with various
combinations of breathing patterns and target syllables requiring different oral motor
movements [30]. In addition to patients with neurological impairment, this study supports
the wider applicability of the singing-enhanced swallowing protocol for patients with
structural damage, such as associated with HNC.

It is interesting to note that while both patient groups showed an improved ability in
swallowing thick and thin solid barium, an improved ability in swallowing the liquid type
of barium was only found in patients with HNC. Such group differences are attributed to
the fact that direct damage to the oral motor structure causes swallowing difficulties in
patients with HNC, while dysfunction of motor control at the neural level is involved in
patients with PD. Although this finding calls for verification through a long-term applica-
tion of the protocol, the results of this study indicate that high-intensity strengthening of
the involved muscles should be the primary intervention focus for patients with dysphagia
due to HNC, while range of motor control should be the main focus for dysphagic patients
with PD.

In this study, vocal and speech-language functions were measured along with the
swallowing function. Given that singing tasks are based on breathing, phonation, and
articulation, which are also the main issues for patients with dysphagia, changes in such
measures would support how a singing-enhanced protocol can influence patients with
dysphagia in multiple domains. Notably, the study results show that laryngeal AMR and
L-DDK increased after the intervention compared to before the intervention for all of the
patients. These changes align with previous studies applying singing-based interventions
for patients with dysphagia due to neurological impairment [12]. The singing tasks in
this study targeted laryngeal elevation and were based on articulation of target syllables
with demand for more precise coordination, which led to improvements in motor speech
control [12,15]. Improvement in the speech-language measures was evidenced in the HNC
group, who experienced resection of speech-related structures (e.g., jawbone or tongue),
which affected not only their lower-level laryngeal coordination but also their coordination
during the oral phase. Although singing-based training to maintain laryngeal elevation
was initially developed for neurological patients, this study supports its effective use in
more diverse patient populations, including those needing laryngeal muscle rehabilitation
due to PD.

In terms of MPT as an index for breathing control, increases were found in patients
with PD but not in patients with HNC. This can be explained by differences in respiratory
symptoms between the two groups. Patients with PD show problems in the breathing
control required for speech production [31,32], which is related not only to speech disorders
but also swallowing disorders. Patients with HNC show relatively less impairment in their
respiratory control. Accordingly, engagement in singing demands more of patients with
PD than HNC. The slight decrease in MPT observed in patients with HNC may be partially
attributed to the ceiling effect because these patients exhibited MPTs in the normal range
prior to the study. Furthermore, structured singing tasks with an emphasis on respiratory
control may effectively address muscle coordination, which leads to greater benefits for
patients with PD whose symptoms are directly related to such control issues. Controlling
their singing within music-based timing structures might require intentional coordination
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of breathing patterns for patients with PD, while a higher demand may be involved in
exercising oral motor movements and facial muscles related to articulation for patients
with HNC.

All of the patients showed increased SWAL-QOL scores. This is indicative of the func-
tional effects of the singing intervention and its psycho-emotional impact. Reports from the
patients also indicated positive changes in their perception of their voice. They reported
that they had a negative perception of their voice before the intervention and had little ex-
perience with musical performance, but they were able to increasingly experience positive
benefits from singing as the intervention progressed. Specifically, they reported improved
confidence in their singing and vocal functions as a result of the musical intervention.
These results support the psycho-emotional benefits of a singing-based intervention for
patients with dysphagia, including positive changes in their perception of their own voice,
which may have clinical implications, particularly for patients with structural damage.

Finally, this study analyzed the repetition rate of each component within the protocol
and compared the rate depending on the diagnosis of the patients (i.e., PD versus HNC).
Given that a higher repetition rate of a particular component indicates lower performance
and greater demand for that component, a comparison of such rates between the PD
patients and those with HNC highlights which components required more effort by the
different patient groups. Based on this information, the intensity level of a specific compo-
nent in the protocol could be adjusted for targeting a particular patient population, more
specifically the cause of the dysphagia. In this study, while patients with PD required
more repetition of respiratory exercises, laryngeal elevation, and modified singing tasks
targeting respiratory control, patients with HNC needed to spend more time complet-
ing the modified singing tasks related to articulatory control at the expected level. This
highlights how singing-based interventions may need to be differentially implemented
for different patient groups, even though the swallowing difficulties they experience are
similar. This is also supported by the fact that dysphagia due to PD is more related to
involuntary abnormal movements during swallowing and related processes [33] and that
dysphagia due to HNC is more related to deterioration of oral and pharyngeal muscles,
particularly due to treatment (e.g., radiation therapy) [34]. This study suggests that the
cause of a patient’s dysphagia should be considered when determining the components
of a singing-based intervention. Such a consideration makes it possible to provide more
targeted interventions within a limited period of time that are more intensive and efficient
for the patient.

Despite the promising results of this study, readers are cautioned against generalizing
the findings due to the study’s small sample size. While this study presents clinical
implications for what should be considered in the design of a singing-enhanced swallowing
protocol, the efficacy of such a protocol must be demonstrated through future studies with
larger sample sizes and more diverse patient populations.

5. Conclusions

This study investigated the applicability of a singing-enhanced swallowing protocol
for diverse populations (i.e., patients with dysphagia due to HNC). It also examined the
differential benefits for two different diagnostic groups (i.e., patients with dysphagia due
to neurological damage versus patients with dysphagia due to structural damage). Inter-
vention activities focused on relaxation of respiratory muscles and auxiliary respiratory
muscles through physical activities, vocalization preparation, and vocalization and modi-
fied singing to target respiratory control, oral motor control, and laryngeal elevation in an
integrated manner.

Since singing can be used for a wide range of therapeutic purposes, more detailed
specification of which singing activities best support specific problems and diagnoses is
needed. Furthermore, it is important to note that the objective of singing and the contents
of the intervention’s activities were selected based on the underlying cause of dysphagia
and the specific problems each patient was experiencing. This highlights the need for
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further specification and systematization of therapeutic singing activities for treating the
numerous symptoms of patients with dysphagia based on their etiology. It is hoped
that future research will propose more efficient compositions for music interventions
and more specific application methods for treating patients with dysphagia arising from
diverse causes.

Author Contributions: Conceptualization, S.J.K. and M.S.Y.; project administration, S.J.K.; method-
ology, M.S.Y.; investigation, S.J.K.; writing—original draft preparation, S.J.K. and M.S.Y.; writing and
editing, G.E.Y.; review, G.E.Y. and S.-R.C. All authors have read and agreed to the published version
of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The study was conducted according to the guidelines of the
Declaration of Helsinki and approved by the Institutional Review Board of Severance Hospital (IRB
No. 4-2012-0483).

Informed Consent Statement: Informed consent was obtained from all subjects involved in the study.

Conflicts of Interest: The authors declare no conflict of interest.

References
1. Nigro, C.L.; Denaro, N.; Merlotti, A.; Merlano, M. Head and neck cancer: Improving outcomes with a multidisciplinary approach.

Cancer Manag. Res. 2017, 9, 363. [CrossRef] [PubMed]
2. Via, M.A.; Mechanick, J.I. Malnutrition, dehydration, and ancillary feeding options in dysphagia patients. Otolaryngol. Clin. N.

Am. 2013, 46, 1059–1071. [CrossRef]
3. Ashley, J.; Duggan, M.; Sutcliffe, N. Speech, language, and swallowing disorders in the older adult. Clin. Geriatr. Med. 2006, 22,

291–310. [CrossRef] [PubMed]
4. De Pinho, N.B.; Martucci, R.B.; Rodrigues, V.D.; D’Almeida, C.A.; Thuler, L.C.S.; Saunders, C.; Jager-Wittenaar, H.; Peres, W.A.F.

Malnutrition associated with nutrition impact symptoms and localization of the disease: Results of a multicentric research on
oncological nutrition. Clin. Nutr. 2019, 38, 1274–1279. [CrossRef] [PubMed]

5. Carnaby, G.; Madhavan, A. A systematic review of randomized controlled trials in the field of dysphagia rehabilitation. Curr.
Phys. Med. Rehabil. Rep. 2013, 1, 197–215. [CrossRef]

6. Pisegna, J.M.; Kaneoka, A.; Pearson, W.G., Jr.; Kumar, S.; Langmore, S.E. Effects of non-invasive brain stimulation on post-stroke
dysphagia: A systematic review and meta-analysis of randomized controlled trials. Clin. Neurophysiol. 2016, 127, 956–968.
[CrossRef]

7. López-Liria, R.; Parra-Egeda, J.; Vega-Ramirez, F.A.; Aguilar-Parra, J.M.; Trigueros-Ramos, R.; Morales-Gázquez, M.J.; Rocamora-
Pérez, P. Treatment of dysphagia in Parkinson’s disease: A systematic review. Int. J. Environ. Res. Public Health 2020, 17, 4104.
[CrossRef] [PubMed]

8. Govender, R.; Smith, C.H.; Taylor, S.A.; Barratt, H.; Gardner, B. Swallowing intervention for the treatment of dysphagia after head
and neck cancer: A systematic review of behavioural strategies used to promote patient adherence to swallowing exercises. BMC
Cancer 2017, 17, 43. [CrossRef] [PubMed]

9. Einarsson, S.; Laurell, G.; Tiblom Ehrsson, Y. Experiences and coping strategies related to food and eating up to two years after
the termination of treatment in patients with head and neck cancer. Eur. J. Cancer Care 2019, 8, e12964. [CrossRef]

10. Jung, J.S.; Park, J.H. The treatment of dysphagia in total thyroidectomy patients: A case study. J. Korean Soc. Occup. Ther. 2015, 23,
95–106.

11. Jomori, I.; Hoshiyama, M. Effects of music therapy on involuntary swallowing. Nord. J. Music Ther. 2010, 19, 51–62. [CrossRef]
12. Stegemöller, E.L.; Hibbing, P.; Radig, H.; Wingate, J. Therapeutic singing as an early intervention for swallowing in persons with

Parkinson’s disease. Complement. Ther. Med. 2017, 31, 127–133. [CrossRef]
13. Lindblom, B.; Sundberg, J. The human voice in speech and singing. In Handbook of Acoustics; Rossing, T.D., Ed.; Springer: New

York, NY, USA, 2014; pp. 703–746.
14. Kim, S.J. Music therapy protocol development to enhance swallowing training for stroke patients with dysphagia. J. Music Ther.

2010, 47, 102–119. [CrossRef] [PubMed]
15. Yeo, M.S.; Kim, S.J. Therapeutic singing-based music therapy for patients with dysphagia: Case studies. J. Rehabil. Res. 2018, 22,

169–194. [CrossRef]
16. Costa, M.M.; Lemme, E.M. Coordination of respiration and swallowing: Functional pattern and relevance of vocal folds closure.

Arq. Gastroenterol. 2010, 47, 42–48. [CrossRef]
17. Jomori, I.; Mutou, S.; Kikuchi, Y.; Mukaikubo, K.; Hoshiyama, M. Modulation of swallowing movement during music therapy.

Jpn. J. Music Ther. 2009, 9, 88–93.
18. Thaut, M.H. Rhythm, Music, and the Brain: Scientific Foundations and Clinical Applications; Routledge: Oxfordshire, UK, 2005.

http://doi.org/10.2147/CMAR.S115761
http://www.ncbi.nlm.nih.gov/pubmed/28860859
http://doi.org/10.1016/j.otc.2013.08.002
http://doi.org/10.1016/j.cger.2005.12.008
http://www.ncbi.nlm.nih.gov/pubmed/16627080
http://doi.org/10.1016/j.clnu.2018.05.010
http://www.ncbi.nlm.nih.gov/pubmed/29853223
http://doi.org/10.1007/s40141-013-0030-1
http://doi.org/10.1016/j.clinph.2015.04.069
http://doi.org/10.3390/ijerph17114104
http://www.ncbi.nlm.nih.gov/pubmed/32526840
http://doi.org/10.1186/s12885-016-2990-x
http://www.ncbi.nlm.nih.gov/pubmed/28068939
http://doi.org/10.1111/ecc.12964
http://doi.org/10.1080/08098130903086354
http://doi.org/10.1016/j.ctim.2017.03.002
http://doi.org/10.1093/jmt/47.2.102
http://www.ncbi.nlm.nih.gov/pubmed/21141768
http://doi.org/10.16884/JRR.2018.22.1.169
http://doi.org/10.1590/S0004-28032010000100008


Brain Sci. 2021, 11, 997 12 of 12

19. Kim, J.H.; Kim, S.J. Production parameters in head and neck cancer patients: Case studies. J. Rehabil. Res. 2018, 22, 108–189.
20. Yiu, E.M.; Ho, E.Y. Short-term effect of humming on vocal quality. Asia Pac. J. Speech Lang. Hear. 2002, 7, 123–137. [CrossRef]
21. Baker, F.; Uhlig, S. Voicework in Music Therapy: Research and Practice; Jessica Kingsley Publishers: London, UK, 2011.
22. Han, T.R.; Paik, N.J.; Park, J.W.; Kwon, B.S. The prediction of persistent dysphagia beyond six months after stroke. Dysphagia

2008, 23, 59–64. [CrossRef] [PubMed]
23. Lombard, L.; Solomon, N.P. Laryngeal diadochokinesis across the adult lifespan. J. Voice 2020, 34, 651–656. [CrossRef] [PubMed]
24. Louzada, T.; Beraldinelle, R.; Berretin-Felix, G.; Brasolotto, A.G. Oral and vocal fold diadochokinesis in dysphonic women. J.

Appl. Oral Sci. 2011, 19, 567–572. [CrossRef] [PubMed]
25. Ollivere, B.; Duce, K.; Rowlands, G.; Harrison, P.; O’Reilly, B.J. Swallowing dysfunction in patients with unilateral vocal fold

paralysis: Aetiology and outcomes. J. Laryngol. Otol. 2006, 120, 38–41. [CrossRef]
26. Domer, A.S.; Leonard, R.; Belafsky, P.C. Pharyngeal weakness and upper esophageal sphincter opening in patients with unilateral

vocal fold immobility. Laryngoscope 2014, 124, 2371–2374. [CrossRef] [PubMed]
27. Kim, J.Y.; Kim, D.Y.; Kim, H.H.; Cho, S.R. A validation study of the Korean version of the swallowing-quality of life scale.

Commun. Sci. Disord. 2013, 18, 341–347. [CrossRef]
28. Krisciunas, G.P.; Castellano, K.; McCulloch, T.M.; Lazarus, C.L.; Pauloski, B.R.; Meyer, T.K.; Graner, D.; van Daele, D.J.; Silbergleit,

A.K.; Crujido, L.R.; et al. Impact of compliance on dysphagia rehabilitation in head and neck cancer patients: Results from a
multi-center clinical trial. Dysphagia 2017, 32, 327–336. [CrossRef]

29. Speyer, R. Behavioral treatment of oropharyngeal dysphagia. In Dysphagia; Ekberg, O., Ed.; Springer: Cham, Switzerland, 2017;
pp. 669–686.

30. Tamplin, J.; Baker, F.A. Therapeutic singing protocols for addressing acquired and degenerative speech disorders in adults. Music
Ther. Perspect. 2017, 35, 113–123. [CrossRef]

31. Motta, S.; Cesari, U.; Paternoster, M.; Motta, G.; Orefice, G. Aerodynamic findings and voice handicap index in Parkinson’s
disease. Eur. Arch. Oto-Rhino-Laryngol. 2018, 275, 1569–1577. [CrossRef] [PubMed]

32. Castillo, A.; Castillo, J.; Reyes, A. Association between subglottic pressure and pulmonary function in individuals with Parkinson’s
disease. J. Voice 2020, 34, 732–737. [CrossRef]

33. Kwon, M.; Lee, J.-H. Oro-pharyngeal dysphagia in Parkinson’s disease and related movement disorders. J. Mov. Disord. 2019, 12,
152–160. [CrossRef]

34. Gresco, E.; Simic, T.; Ringash, J.; Tomlinson, G.; Inamoto, Y.; Martino, R. Dysphagia treatment for patients with head and neck
cancer undergoing radiation therapy: A meta-analysis review. Int. J. Radiat. Oncol. Biol. Phys. 2018, 101, 421–444. [CrossRef]

http://doi.org/10.1179/136132802805576436
http://doi.org/10.1007/s00455-007-9097-0
http://www.ncbi.nlm.nih.gov/pubmed/17602263
http://doi.org/10.1016/j.jvoice.2019.04.004
http://www.ncbi.nlm.nih.gov/pubmed/31076138
http://doi.org/10.1590/S1678-77572011000600005
http://www.ncbi.nlm.nih.gov/pubmed/22230989
http://doi.org/10.1017/S0022215105003567
http://doi.org/10.1002/lary.24779
http://www.ncbi.nlm.nih.gov/pubmed/24925230
http://doi.org/10.12963/csd.13038
http://doi.org/10.1007/s00455-016-9760-4
http://doi.org/10.1093/mtp/mix006
http://doi.org/10.1007/s00405-018-4967-7
http://www.ncbi.nlm.nih.gov/pubmed/29687184
http://doi.org/10.1016/j.jvoice.2019.03.001
http://doi.org/10.14802/jmd.19048
http://doi.org/10.1016/j.ijrobp.2018.01.097

	Introduction 
	Materials and Methods 
	Research Design 
	Participants 
	Procedures 
	Singing-Enhanced Swallowing Protocol 
	Measures 
	Videofluoroscopic Dysphagia Scale for Assessment of Swallowing Function 
	Voice Data Collection for Assessment of Speech-Language Function 
	Swallowing Quality-of-Life Questionnaire 
	Repetition Rate of Each Component in the Protocol 


	Results 
	Data on the Swallowing Function 
	Data on the Vocal and Speech-Language Functions 
	Data on the SWAL-QOL 
	Repetition Rate of Each Component within the Protocol 

	Discussion 
	Conclusions 
	References

