
NEURAL REGENERATION RESEARCH｜Vol 16｜No.2｜February 2021｜375

In breath Out breath

Singing

Lung

Diaphragm

Tummy 
rises

Diaphragm 
contracts down

Diaphragm 
relaxes up

Respiratory 
pathway

After singing 
for 12 wk

In
sp

ira
to

ry
 c

ap
ac

ity
 (L

)

4

3

2

1

0

4

3

2

1

0

S
in

g-
lo

ud
 S

P
L 

(d
B

A
)

20
18
16
14
12
10

22
20
18
16
14
12
10

**

** **

**

More inhalation

  0         6 wk    12 wk

  0        6 wk   12 wk   0        6 wk   12 wk

  0        6 wk    12 wk

Fo
rc

ed
 e

xp
ira

to
ry

 
vo

lu
m

e 
in

 1
 s

 (L
)

S
us

ta
in

de
d 

no
te

 
le

ng
th

 (s
)

Tummy 
falls

More evenly exhalation

More louder volumn More longer time

Effectiveness of oral motor respiratory exercise and 
vocal intonation therapy on respiratory function and 
vocal quality in patients with spinal cord injury: a 
randomized controlled trial

Xiao-Ying Zhang1, 2, 3, 4, 5, Yi-Chuan Song1, 5, Chang-Bin Liu1, 2, 3, 4, 6, Chuan Qin1, 2, 3, 4, 7, 
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Abstract  
Singing, as a method of combining respiratory function exercise and vocal intonation therapy, provides a new direction for respiratory 
function exercise in patients with spinal cord injury. This randomized controlled trial investigated the effects of oral motor respiratory 
exercise and vocal intonation therapy on respiratory function and vocal quality in patients with spinal cord injury. Among 31 included 
patients with spinal cord injury, 18 completed the treatment. These 18 patients were randomly assigned to undergo music therapy 
(intervention group, 30 min/d, 5 times a week, for a total of 12 weeks; n = 9, 7 males and 2 females; 30.33 ± 11.74 years old) or normal 
respiratory training (control group, n = 9; 8 males and 1 female; 34.78 ± 11.13 years old). Both patient groups received routine treatment 
concurrently. Before and at 6 and 12 weeks after intervention, a standard respiratory function test, a voice test, the St. George’s Respiratory 
Questionnaire, and a quality of life questionnaire were administered. The results showed that the inspiratory capacity, forced expiratory 
volume in 1 second, forced vital capacity, maximal mid-expiratory flow rate, sing-loud pressure level, and sustained note length were 
significantly increased in the intervention group compared with the control group. The St. George’s Respiratory Questionnaire and quality 
of life results of patients in the intervention group were significantly superior to those in the control group. These findings suggest that oral 
motor respiratory exercise and vocal intonation therapy, as respiratory training methods in music therapy, are effective and valuable for 
improving respiratory dysfunction and vocal quality in patients with spinal cord injury. This study was approved by the Ethics Committee of 
China Rehabilitation Research Center (approval No. 2019-78-1) on May 27, 2019 and was registered with the Chinese Clinical Trial Registry 
(registration number: ChiCTR1900026922) on October 26, 2019. 
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Introduction 
Traumatic spinal cord injury (SCI) is a serious condition 
that poses challenging health problems (Shin et al., 2019). 
Respiratory dysfunction is a major cause of morbidity 

and mortality in SCI (Hoh et al., 2013) and is of particular 
concern as a severe consequence of cervical SCI. Respiratory 
dysfunction causes a reduction in lung volume and disruption 
of the respiratory system. Among an estimated 12,000 new 
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cases of SCI annually, the reported respiratory failure rate 
among those hospitalized for cervical SCI is approximately 60% 
(Nguyen et al., 2020). Respiratory dysfunction is characterized 
by low lung volumes and a weak cough secondary to 
respiratory muscle weakness (Berlowitz et al., 2016). Weak 
respiratory muscles result in reduced lung volume, an 
increased number of respiratory tract infections, and reduced 
chest wall compliance (Alajam et al., 2019; DiMarco et al., 
2019b). In addition, respiratory dysfunction can negatively 
affect vocal sound by reducing vocal loudness and decreasing 
phonation length (Cho, 2018).

Current studies have shown that injuries above the phrenic 
motor neuron level (C3–5) cause virtually complete paralysis 
of muscles involved in both inhalation and exhalation; 
therefore, treatment is mainly dependent on mechanical 
ventilation or phrenic nerve stimulation (Hoh et al., 2013). 
Research has shown that participation in respiratory training 
can effectively improve lung function in SCI patients (Shin et 
al., 2019). This therapy mainly focuses on training of muscular 
endurance and strength, which has a training effect on 
patients’ respiratory muscles. Although training is effective, 
patients find it tedious, boring, and difficult to maintain (Chiou 
et al., 2019). 

Singing, as a vocal activity, has a great impact on the 
respiratory system, requiring strong and rapid inhalation, 
extension, adjustment of exhalation, and coordination of 
accessory respiratory muscles (DiMarco et al., 2019a). It is an 
important music therapy method. In recent years, increasing 
numbers of studies have examined the effectiveness of 
singing in lung function exercise, but most studies have 
focused on chronic obstructive pulmonary diseases (Lord et 
al., 2010, 2012, 2014; Pacheco et al., 2014; Skingley et al., 
2014; McNaughton et al., 2016; Lewis et al., 2018; Alajam 
et al., 2019; Hardy et al., 2019). Singing may have positive 
effects on respiratory function in SCI patients (Tamplin et al., 
2019) because accessory respiratory muscles are commonly 
recruited during singing (Tamplin et al., 2011). A previous 
report showed that singing could improve exercise endurance, 
ease breathing difficulties, and promote quality of life in SCI 
patients (Tamplin et al., 2013). Therapeutic singing refers 
to the use of singing activities for a variety of therapeutic 
purposes (Thaut and Hoemberg, 2014). This technique can 
synthesize a range of specific phonation, respiratory control, 
and vital capacity (VC) goals into an integrated therapeutic 
experience, thus providing follow-up exercise to other 
specific techniques such as oral motor respiratory exercise 
(OMREX) and vocal intonation therapy (VIT). In support of 
the respiratory function exercise, singing activities promote 
strengthening and control of the muscles used for breathing, 
thus increasing lung capacity (Santoni et al., 2020).

OMREX is a technique used to improve articulatory and 
respiratory control during singing (Thaut and Hoemberg, 
2014). Musical notes and exercises, mainly through sound 
vocalization, are applied to enhance respiratory control and 
function of the speech apparatus. This technique is often 
used for chronic obstructive pulmonary disease patients but 
is rarely used for SCI patients. VIT uses vocal exercises to train, 
maintain, develop, and rehabilitate issues of voice control 
caused by structural, neurological, physiological, or functional 
abnormalities of the voice apparatus (Thaut and Hoemberg, 
2014). It includes vocal control such as inflection, pitch, 
breath control, and timbre. Compared with singing alone, 
OMREX and VIT combined with singing could be used to train 
breathing and voice in a more systematic manner (Santoni et 
al., 2020). Both OMREX and VIT start with the melody interval 
of unit tone singing and gradually transition to a short melody 
line. When combined with singing, these techniques help SCI 
patients to gradually practice their respiratory function and 
improve voice quality. We hypothesized that OMREX and VIT 
could enhance respiratory function and improve voice quality 

and could be explored as a practical and effective non-invasive 
therapeutic method for patients with respiratory dysfunction 
after SCI.

Subjects and Methods  
This study was approved by the Ethics Committee of the 
China Rehabilitation Research Center (approval No. 2019-
78-1) on May 27, 2019 (Additional file 1), and informed 
consent (Additional file 2) was obtained from the participants 
before commencing the study. The study was registered 
with the Chinese Clinical Trial Registry (registration number:  
ChiCTR1900026922) on October 26, 2019. 

Subjects
Thirty-one participants were recruited from the China 
Rehabilitation Research Center, Beijing, China. The inclusion 
criteria were as follows: 1) hospitalized patients diagnosed 
with a B or C level of injury according to the American Spinal 
Injury Association (ASIA) classification (National Spinal Cord 
Injury Statistical Center, 2017) with an SCI duration of at 
least 3 months (inclusive); 2) aged 18 to 70 years; 3) Chinese 
Mandarin speaking; 4) able to sit for more than 30 minutes 
without postural hypotension; 5) receiving regular routine 
therapy; 6) no prior professional musical experience; and 7) 
patients and their families provided written informed consent 
participate in this study. The exclusion criteria were as follows: 
1) a history of speech disorder, psychiatric disorder, neurologic 
impairment, or respiratory disease prior to injury; 2) severe 
cognitive dysfunction or a Mini-mental State Examination (Clini 
et al., 2018) score < 17 (illiteracy) or < 20 (primary school); 
and 3) epilepsy, malignant arrhythmia, or other serious 
physical diseases. The criteria for withdrawal and termination 
of the study were as follows: patients could terminate the 
study if their condition changed, if they were discharged from 
the hospital, or if they voluntarily withdrew from the study. A 
total of 18 participants completed the experiment. Thirteen 
participants were excluded from the study because they did 
not meet the inclusion criteria (n = 12) or for other reasons (n 
= 1). The sample size was calculated according to the formula 
n = Z2·σ2/d2, where N is the minimum sample size; Z is the 
confidence interval, which is generally 90%; σ is the standard 
deviation; and D is the sampling error range, which is normally 
0.5. The minimum sample size was calculated as n = 17.99; 
thus, the sample size was approximately 18. The participants’ 
characteristics are shown in Table 1. 

Research design
The study was a randomized controlled trial with a pretest-
midtest-posttest design including two groups: the intervention 
group (n = 9) and the control group (n = 9). Participants were 
randomly assigned to one of the two groups, including a music 
therapy group that performed OMREX and VIT and a control 
group that performed respiratory training. This study was 
initiated in June 2019 in the Scientific Research Foundation of 
the China Rehabilitation Research Center.

Procedure
After obtaining approval from the Scientific Research 
Foundation of the China Rehabilitation Research Center, 
participants were first screened by SCI specialists. Patients 
diagnosed with ASIA classification B and C conditions who had 
respiratory dysfunction were referred to the Music Therapy 
Department. Participants were reviewed by the researchers 
to identify potential interventional objectives based on the 
inclusion and exclusion criteria of the study. Once potential 
participants were identified, an invitation to the study was 
sent to the potential participants or to the family members of 
participants who were not able to make decisions themselves 
with an explanation of the study, including the purpose, 
procedures, risks, benefits, confidentiality, and subjects’ rights. 
Once consent forms were acquired, the participants were 
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divided into two groups based on their ASIA classification. 
Music therapy researchers screened patients based on 
previous tracheotomy outcomes to determine whether the 
patients had abnormal articulation or impaired laryngeal 
function. After screening, computer-generated sequences 
(Excel 2013, Microsoft Office software, Seattle, WA, USA) 
were used to randomly assign patients to the two groups 
using a completely randomized design. The participants in 
the intervention group were trained by music therapists 
for 12 weeks to perform OMREX + VIT, while participants in 
the control group were trained in respiratory exercises for 
12 weeks. The enrollment and allocation of participants are 
shown in Figure 1.

Interventions
Once the participants for each group were identified, 
an intervention delivery schedule was developed. The 
intervention group was trained in OMREX to improve 
respiratory volume and was trained in VIT to improve vocal 
quality by music therapists. Each patient was trained by a 
music therapist for 30 minutes per session, five sessions 
a week, for 12 weeks. In the first 10 minutes, the music 
therapist helped participants to practice inhalation and 
exhalation on one long single note (Additional Figure 1 
bars 1–8) and staccato singing in short melodic intervals as 
preparation for the session (Additional Figure 1 bars 9–12). In 
the next 15 minutes, the patient performed vowel singing by 
melody intervals with alternating tonality practice (Additional 
Figure 1 bars 13–16), and then a short melody line consonant 
with alternating tonality practice was performed (Additional 
Figure 1 bars 17–21). In the last 5 minutes, the patient sang 
specific Chinese song tracks, such as “Orchid”, “Hawthorn 
Tree”, or “Country Road”. The control group received routine 
respiratory function training by a respiratory therapist, 
including breathing control and pursed-lip breathing (Clini 
et al., 2018). The therapy sessions of the two groups were 
both 30 minutes per day, five times a week, for a total of 12 
consecutive weeks. All patients underwent routine treatment 
during the study period. The routine treatment included 
taking regular medications and other routine care and 
support.

Measurements
All participants were assessed before recruitment into 
therapy to obtain baseline values. A mid-term evaluation 
was conducted after 6 weeks, and the final evaluation was 
performed after 12 weeks. The test sessions consisted of 
(1) respiratory function tests, (2) vocal assessment, and (3) 
questionnaires. No participant wore abdominal binders or 

other aids likely to affect lung function during assessment or 
training.

Respiratory function tests
Respiratory function tests were conducted according to 
the guidelines of the American Thoracic Society (National 
Spinal Cord Injury Statistical Center, 2017; Clini et al., 2018) 
and were modified to incorporate the limitations associated 
with SCI (Ashba et al., 1993; Kelley et al., 2003; Lemos et al., 
2019). Respiratory function tests were performed using an 
Anhui Anke FGC-A+ lung function measurement instrument 
(Anhui Anke Biotechnology Group Co., Ltd., Anqing, Anhui 
Province, China). Lung function was measured in liters 
or as a percentage of the predicted value [e.g., VC, total 
lung capacity, inspiratory capacity (IC), residual capacity, 
forced expiratory volume in 1 second (FEV1), forced VC 
(FVC), maximal mid-expiratory flow rate (MMF), and FEV1/
FVC] (Black and Hyatt, 1971). Ventilatory and upper airway 
functions were assessed by maximal inspiratory and 
expiratory flow volume loops using a spirometer (Anhui 
Anke Biotechnology Group Co., Ltd.). Data were collected 
using a portable Micro RPM respiratory pressure meter 
(Compumedics Sleep Pty. Ltd., Abbotsford, Australia) in 
accordance with the American Thoracic Society/European 
Respiratory Society guidelines (National Spinal Cord Injury 
Statistical Center, 2017; Clini et al., 2018).

Table 1 ｜ Characteristics of study participants

Intervention group Control group t P

n 9 9
Gender

Male 7 8
Female 2 1

Age (yr) 30.33±11.74 34.78±11.13 1.018 > 0.05
Time since injury (yr) 1.03±0.43 0.98±0.41 0.0114 > 0.05
Height (cm) 172.78±11.39 174.22±6.32 0.3294 > 0.05
Weight (kg) 63.00±11.41 69.22±11.22 1.423 > 0.05
AISA classification

ASIA B 7 6
ASIA C 2 3

Gender and AISA classification data are expressed as the number of 
participants. Other characteristics are expressed as the mean ± SD and were 
analyzed with a paired t-test. Intervention group: oral motor respiratory 
exercise and vocal intonation therapy; Control group: respiratory training. 
ASIA: American Spinal Injury Association.

Figure 1 ｜ Flow diagram, consort flowchart for participant recruitment 
and allocation.
31 participants were enrolled in the study; 13 participants were excluded 
from the study because they did not meet the inclusion criteria (n = 12) 
or for other reasons (n = 1). The intervention group was treated with oral 
motor respiratory exercise (OMREX) and vocal intonation therapy (VIT) (total 
n = 9, ASIA B n = 7, ASIA C n = 2); the control group underwent respiratory 
function training [total n = 9, American Spinal Injury Association (ASIA) B n 
= 6, ASIA C n = 3]. Among the nine participants in the intervention group, all 
participants were able to sing the items used for training during the entire 
study period. The data analysis included a sample of 18 spinal cord injury 
(SCI) patients.
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Figure 2｜ Comparison of respiratory function in spinal cord injury patients 
undergoing oral motor respiratory exercise and vocal intonation therapy or 
respiratory training. 
Intervention group: oral motor respiratory exercise and vocal intonation 
therapy; control group: respiratory training. (A–H) Vital capacity, total lung 
capacity, inspiratory capacity, residual volume, forced expiratory volume in 
one second (FEV1), forced vital capacity (FVC), FEV1/FVC, and maximal mid-
expiratory flow rate (MMF). Data are expressed as the mean ± SD (n = 9) and 
were analyzed by two-way analysis of variance. *P < 0.05, **P < 0.01. The 
baseline is indicated by 0.

Vocal quality assessment
Sound pressure analysis was performed by participants 
wearing headphones (Sony MDR-1A, 3–100,000 Hz, Sony, 
New York, NY, USA). Sound was recorded for a combination 
of vocal exercises, familiar song singing, and standardized 
paragraph reading. After recording the above content in a 
quiet soundproofed room, the sound pressure level (SPL) was 
analyzed with an MCS Real-Time Spectrum Analyzer 2.1.6 
(Gewerbegebiet Aaronia, Germany). The audio recordings from 
the vocal assessment were used to measure the SPL, including 
the sing-loud SPL, speak-loud SPL, and sustained note length. 
Voice quality was assessed both subjectively by the perceptual 
voice profile (Cohen et al., 2009) and objectively by computer 
analysis (Multidimensional Voice Profile, La Trobe University, 
Melbourne, Australia) (Oates and Russell, 1997).

Questionnaires
Questionnaires (Swigris et al., 2018; Chua et al., 2019) and 
a musical background questionnaire — Seashore Measures 
of Musical Talent (Colman, 2008) (Additional file 3) — were 
used in this study. The Seashore Measures of Musical Talent 
questionnaire was not included in the evaluation indications. 
Participants were interviewed before and after music 
interventions, which provided a measure of long-term effects 
on pleasure and arousal in patients.

Among the assessments, respiratory function tests and vocal 
assessments were performed by the same experienced 
operator. The St. George’s Respiratory Questionnaire (SGRQ) 
and quality of life (QoL) questionnaire were evaluated 
by professionals. All evaluators were registered research 
assistants who worked as health care professionals and had 5 
years of clinical experience. Participants were interviewed by 
professional evaluators before and after the interventions to 
ensure consistency and standardization of the training.

Statistical analysis 
Data were collected from the two groups at three time points 
as follows: before the intervention (t0, baseline), 6 weeks later 
(t1), and 12 weeks later (t2). Using the mean of each group and 
the standard deviation of the normal distribution, two-way 
analysis of variance analysis was used to analyze inter-group 
differences, time effects, and inter-group time interaction 
differences. The data from the 18 patients with respiratory 
disorders who completed this study were analyzed with SPSS 
22.0 (IBM, Armonk, NY, USA). All data from the intervention 
and control groups were collected before (t0), during (t1), and 
after the intervention (t2). Prior to analysis, basic frequencies 
were analyzed in the data to screen for missing values and 
outliers and to establish data entry accuracy. Data were 
analyzed using a repeated-measures analysis of variance to 
determine the specific effects of the interventions. 

Results
Effect of OMREX and VIT on respiratory function in SCI 
patients
Respiratory function was measured in both groups before the 
first session, during the middle of the sessions, and after the 
last session. Two-way analysis of variance was used to analyze 
the results of the intervention group and the control group at 
t0, t1, and t2. Compared with the control group, the IC (t2 = 1.93 
± 0.57 L, F = 5.565, P = 0.0224), FEV1 (t2 = 0.92 ± 0.06 L, F = 
9.988, P = 0.0027), FVC (t2 = 2.32 ± 0.81 L, F = 8.813, P = 0.0047), 
and MMF (t2 = 2.59 ± 0.27 L/s, F = 4.951, P = 0.0111) were 
increased, and the FEV1/FVC (t2 = 39.66 ± 8.51%, F = 15.96, 
P = 0.0002) was decreased in the intervention group at t2. A 
significant increase was observed in the intervention group 
for FEV1 from t0 to t1 (t1 = 0.83 ± 0.08 L, F = 18.61, P = 0.0001). 
Figure 2 shows a comparison of the results of the two groups. 

Effect of OMREX and VIT on vocal quality assessment in SCI 
patients
Compared with the control group, the sing-loud SPL (t2 = 17.6 
± 2.1 dBA, F = 7.828, P = 0.0011) and sustained note length (t2 
= 19.5 ± 4.9 seconds, F = 11.88, P = 0.0012) were increased 
in the intervention group at t2. A significant difference was 
observed in the intervention group for the sing-loud SPL 
from t0 to t1 (t1 = 14.2 ± 1.7 dBA, F = 6.837, P = 0.0024). No 
difference was observed for the SPL and speak-loud SPL 
between the two groups. Figure 3 shows a comparison of the 
results of the two groups.

Effect of OMREX and VIT on questionnaire assessment 
results in SCI patients 
A main effect of time was found for the SGRQ and QoL. The 
SGRQ (t2 = 50.91 ± 11.26, F = 6.345, P = 0.0170) and QoL (t2 = 
71.43 ± 13.53, F = 4.734, P = 0.0371) values in the intervention 
group were significantly lower than those in control group 
at t2. Figure 4 shows a comparison of the results of the two 
groups. 

Discussion
In this study, VIT and OMREX were used to train patients 
with respiratory dysfunction caused by SCI. Compared with 
the previously reported method that only used singing, the 
specific training method in this study was more targeted and 
trainable. Initially, 31 patients were enrolled in this study, and 
13 patients were excluded because they did not meet the 
inclusion criteria or for other reasons. Therefore, 18 patients 
completed the study. 

Respiratory function
Respiratory training is a common training method to treat 
respiratory dysfunction in patients with SCI. However, because 
of the limitations of the methods and the use of a single 
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training model, the training is difficult for patients to maintain 
(Tamplin et al., 2011, 2013). Vocal respiratory training involves 
the use of breath training and vocal training, which combines 
the action of the diaphragm, chest cavity, pharynx, and other 
organs to improve respiratory function and vocal quality. Vocal 
respiratory training can be divided into two specific training 
techniques — OMREX and VIT. Single-note singing is the first 
step of OMREX. When patients sang a single note, they were 
accompanied by harmonic piano playing. A music therapist 
also played a piano to aid patients during breath training 
(Thaut and Hoemberg, 2014). Patients in the intervention 
group were guided to inhale and exhale during note singing 
(Additional Figure 1 bars 1–8). During the second step, music 
therapists instructed patients to sing “staccato” notes through 
short rhythmic patterns — an action that requires quick and 
intense contractions of the diaphragm. Using this training, 
a rhythmic pattern, which is produced by the alternation of 
inhalation and exhalation, can be embedded within the short 
melody (Additional Figure 1 bars 9–12). After completing the 
respiratory and “staccato” singing training, vocal intonation 
was practiced using a long melody. Patients were guided 
by piano playing to sing vowels in the same long melodies 
with different tonality. Quick deep inhalation and exhalation 
combined with vocal singing, OMREX, and VIT can be used to 
integrate breathing physiology into the training of sound lines, 
which improves vocal quality as well as breathing function. 

At 6 weeks after OMREX and VIT singing training, the IC, FEV1, 
FVC, FEV1/FVC, and MMF of the intervention group showed 
obvious improvements, but the difference was not significant. 
However, after 12 weeks, a significant improvement was 
observed in the music training group compared with the 
control group. This finding suggests that specific targeted 
music training, for instance, OMREX and VIT combined 
with therapeutic singing in this study, is effective in treating 
respiratory dysfunction in SCI patients during long-term 
training. Time accumulation and training methods are both key 
factors. Among the measurements of respiratory function, the 
IC and FVC of the intervention group were enhanced after 12 
weeks, which indicated that inspiratory practice before singing 
a long melody by performing a rapid deep inhalation exercise 
is beneficial to improve respiratory volume. When comparing 
FEV1 and MMF, the intervention group showed an obvious 
difference from the control group after 12 weeks. This finding 
suggested that through singing long notes, staccato notes, 
and melodies in different tonalities, patients who performed 
music singing training could adjust their respiratory flow more 
normally during inhalation and exhalation. Therefore, the 
FEV1, FEV1/FVC, and MMF values of the intervention group 
showed more effective improvement than those in the control 

group. Furthermore, the FEV1 also showed an improvement 
in the intervention group from the beginning to the endpoint 
of the study. This result indicates that singing practice is an 
effective method to preserve the FEV1 and that singing long 
melodies helps to retain greater inspiratory volume. In the 
final evaluation, no obvious change was observed in VC, total 
lung capacity, or residual volume, indicating that no difference 
was found between the music training group and the normal 
respiratory training group. Patients who underwent regular 
respiratory training also showed enhanced VC, total lung 
capacity, and residual capacity measurement scores, which 
was beneficial for respiratory function. The melodies of 
“Orchid”, “Hawthorn Tree”, and “Country Road” are all within 
one octave, making them relatively easy to sing. Practicing 
any of these three songs after VIT and OMREX can consolidate 
the effect of respiratory training and improve the respiration 
and voice quality of participants. The speeds of “Orchid” and 
“Hawthorn Tree” are moderate, while the speed of “Country 
Road“ is faster than the other two songs. Patients in the 
intervention group could breathe more quickly and deeply.

In OMREX training, inhalation is based on abdominal breathing 
with the assistance of chest breathing, causing the diaphragm 
to move up and down quickly to increase its strength. When 
patients with SCI sing the staccato note “wu”, they need 
to use the abdominal breathing method to inhale quickly 
and sing. The staccato vocal exercise causes the intercostal 
muscles, external intercostal muscles, and diaphragm muscles 
to move quickly, thus supporting breathing while singing short 
notes. This technique is very similar to pursed-lip breathing 
in respiratory therapy but requires breathing with more 
emphasis on sound quality. The syllable “wu” is a lip-down 
closed accent that saves VC to generate longer sustained 
vocalization. Singing the tone of “la” requires more breathing 
support because the open mouth accent requires more 
breath in a short period of time than the lip-down closed 
accent “wu”; thus, more breath control is needed to maintain 
the long note. Therefore, the intervention group performed 
significantly better than the control group in the practice of 
long tones. These changes facilitated training using the short 
melody singing exercise. VIT can significantly enhance the 
experience by providing preparatory time cues, enhancing 
vocal and pitch support, creating relaxation and tension cues, 
supporting dynamic changes, and motivating SCI patients to 
engage in vocal exercises. During VIT, good breath control 
is necessary for every aspect of vocal output. Therefore, in 
this study, the music therapist chose “wu” or “me” as the lip-
down syllable to practice a closed accent and “la” as the open 
accent to practice vocal quality. The singing of a short melody 
from three melodic intervals and five scale degrees helped 
SCI patients in the intervention group to better practice vocal 
quality, especially in the middle voice area. 

Vocal quality and its relevance to respiratory function
In the voice quality assessment, the patients in the 
intervention group exhibited more improvement than those 
in the control group at 6 and 12 weeks. The sustained note 

Figure 3 ｜ Comparison of vocal quality in spinal cord injury patients 
undergoing oral motor respiratory exercise and vocal intonation therapy or 
respiratory training. 
Intervention group: oral motor respiratory exercise and vocal intonation 
therapy; control group: respiratory training. (A–D) Sound pressure level (SPL), 
sing-loud SPL, speak-loud SPL, and sustained note length. Data are expressed 
as the mean ± SD (n = 9) and were analyzed by two-way analysis of variance. 
**P < 0.01. The baseline is indicated by 0.

Figure 4 ｜ Comparison of the St. George’s Respiratory Questionnaire and 
quality of life results in spinal cord injury patients undergoing oral motor 
respiratory exercise and vocal intonation therapy or respiratory training. 
Intervention group: oral motor respiratory exercise and vocal intonation 
therapy; control group: respiratory training. (A) St. George’s Respiratory 
Questionnaire; (B) quality of life. Data are expressed as the mean ± SD (n = 9) 
and were analyzed by two-way analysis of variance. **P < 0.01. The baseline 
is indicated by 0.
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length was longer than that of the respiratory training group. 
In the speak-loud SPL test, patients who sang melodic lines 
had significantly better training effects after 12 weeks than 
patients with normal breathing training. Thus, it is suggested 
that vocal singing training had a greater effect than normal 
respiratory training, and a clear advantage was observed in 
improving sustained note singing quality. In the intervention 
group, some patients could stably sing the long vowel 
note “wu” or other closed accent notes after 20 training 
sessions, which resulted in a great improvement in sustained 
note length measures. Regarding relevant respiratory 
measurements, significant differences in FEV1, MMF, and 
FEV1/FVC were observed. Therefore, it can be inferred that 
training by singing long notes with vowels has a specific effect 
on the control of respiratory velocity (FEV1 and MMF). There 
was no obvious difference in patient gender. In addition, the 
mean SPL of the intervention group was higher than that of 
the control group. Patients with quadriplegia may benefit 
from OMREX and VIT. If their disabilities do not interfere with 
OMREX and VIT, many of these patients could learn to practice 
interval singing under guidance, which may be more beneficial 
than traditional respiratory training.

Quality of life
The SGRQ score can indirectly reflect patients’ respiratory 
function status. In this study, the total SGRQ scores of the 
intervention and control groups were negatively correlated; 
therefore, a lower score indicated better respiratory function. 
The symptom and disease effects measured by the SGRQ 
scores were lower in the intervention group than in the 
control group, suggesting that singing has a positive effect 
on improving respiratory symptoms and reducing disease 
effects in patients with SCI. The activity ability score on the 
SGRQ was higher in the intervention group than in the control 
group, suggesting that singing improved the motivation of 
SCI patients to participate in activities, and this score was 
positively correlated with the increase in QoL score. 

After the intervention, the SGRQ scores and overall QoL 
scores in both groups were improved, indicating that 
both music therapy and respiratory training had a positive 
impact on the QoL of patients with SCI. Among them, the 
psychological, social, and spiritual dimensions of the QoL 
assessment of the intervention group were significantly 
improved after performing singing activities compared with 
the control group, while the scores of the physiological 
and functional dimensions of the control group were all 
improved compared with the intervention group. This result 
suggests that participating in music activities can produce a 
more positive emotional experience and a more integrating 
social experience. The training method based on music and 
singing involves greater participation for patients with SCI. 
Additionally, singing is easier and more interesting for patients 
than regular respiratory training.

The scores of the two groups in different dimensions showed 
that both respiratory training and music therapy can improve 
the patient’s respiratory score and QoL score. Respiratory 
training has a positive effect on improving the physiological 
symptoms and functional scores, while music therapy has 
a more obvious advantage for the psychological, emotional 
experience, and social experience scores.

Limitations 
One limitation of this study was the small sample, as 
previously detailed. Thirteen participants were excluded 
from the study, which may have caused variance in group 
allocation. Addition of a blank control group to observe self-
healing could have improved the accuracy of the comparison. 
Furthermore, this study only recruited 18 patients. If larger 
studies are conducted in the future, the therapeutic outcomes 
could be more precisely observed. 

Implications for clinical practice
In regular respiratory training, breathing is not easy to 
observe because there is no sound or visual perception. In 
vocal training-based music therapy, the sound quality can not 
only provide a direct behavioral measure, the therapy is also 
interesting and easy to maintain. In long-term rehabilitation, 
music therapy can be used by health care professionals for 
respiratory training after SCI, which is a practical clinical 
application of music medicine. Additionally, music therapists 
need to recognize their practice as playing an active role 
in this therapy. Through training of medical staff in music 
therapy, music therapists provide professional guidance to 
improve the clinical effectiveness of the implementation of 
music medicine for many patients. Based on the results of the 
current study, it is possible to promote active singing groups 
on an individual basis and improve the function, participation, 
and self-worth of SCI patients during long-term rehabilitation. 
In addition, music therapists may be encouraged and trained 
by professionals and family caregivers to use active singing to 
improve the life satisfaction of patients.

Conclusions
OMREX- and VIT-based music therapy is beneficial for 
improving respiratory dysfunction and sound quality in 
SCI patients. These exercises are easy for the patients to 
participate in and adhere to, cause no trauma, and should be 
promoted in clinical practice.

Acknowledgments: This research was supported by the China 
Rehabilitation Research Center (CRRC). We thank our colleagues from 
Music Therapy Center, Department of Psychology, CRRC; Chinese 
Institute of Rehabilitation Science; Center of Neural Injury and Repair; 
Department of Spinal and Neural Functional Reconstruction and Beijing 
Key Laboratory of Neural Injury and Rehabilitation, CRRC; who provided 
technical support, modification advice, and statistical recommendations. 
It is greatly assisted to the research. We also thank Hong-Wei Liu (from 
Capital Medical University, China) for patient recruitment, and thank 
Liang-Jie Du and Ming-Liang Yang (both from Capital Medical University, 
China) for project application.
Author contributions: Study design and manuscript writing: XYZ; 
statistical description: CBL; allocation and statistical analysis: CQ; patient 
recruitment: HWL; music therapy: YCS; project application: LJD, MLY, 
SHL; study guidance: JJL. All authors approved the final version of the 
manuscript.
Conflicts of interest: We declare that there are no conflicts of interest in 
this work. No financial or associative interest that represents a conflict of 
interest in connection with the work submitted.
Financial support: This work was supported by Scientific Research 
Foundation of China Rehabilitation Research Center, No. 2019zx-23 (to 
SHL) and Beijing Municipal Natural Science Foundation of China, No. 
7192238. The funding sources had no role in study conception and design, 
data analysis or interpretation, paper writing or deciding to submit this 
paper for publication.
Institutional review board statement: This study was approved by the 
Ethics Committee of the China Rehabilitation Research Center (approval 
No. 2019-78-1) on May 27, 2019 and was registered with the Chinese 
Clinical Trial Registry (registration number: ChiCTR1900026922) on 
October 26, 2019. 
Declaration of patient consent: The authors certify that they have 
obtained the consent forms from patients. In the form, patients have 
given their consent for their images and other clinical information to be 
reported in the journal. The patients understand that their names and 
initials will not be published. 
Reporting statement: The writing and editing of the article were 
performed in accordance with the CONsolidated Standards Of Reporting 
Trials (CONSORT) Statement.
Biostatistics statement: The statistical methods of this study were 
reviewed by the epidemiologist of Capital Medical University, China.
Copyright license agreement: The Copyright License Agreement has been 
signed by all authors before publication.
Data sharing statement: The individual deidentified participant data 
(including data dictionaries) will be shared; the data in particular will 
be shared; the additional, related documents will be available (study 

Research Article



NEURAL REGENERATION RESEARCH｜Vol 16｜No.2｜February 2021｜381

protocol, statistical analysis plan, etc.). The data will become available 
in the future of 5 years. Research colleagues can access the data 
through the China Clinical Trials Registry, the Resman clinical trials public 
administration platform.
Plagiarism check: Checked twice by iThenticate. 
Peer review: Externally peer reviewed. 
Open access statement: This is an open access journal, and articles 
are distributed under the terms of the Creative Commons Attribution-
NonCommercial-Share Alike 4.0 License, which allows others to remix, 
tweak, and build upon the work non-commercially, as long as appropriate 
credit is given and the new creations are licensed under the identical 
terms.
Additional files: 
Additional file 1: Hospital Ethics Approval (Chinese).
Additional file 2: Informed Consent Form (Chinese).
Additional file 3: Seashore Measures of Musical Talent Tests.
Additional Figure 1: Inhalation and exhalation melodic exercise example.

References
Alajam R, Alqahtani AS, Liu W (2019) Effect of body weight-supported 

treadmill training on cardiovascular and pulmonary function in people with 
spinal cord injury: a systematic review. Top Spinal Cord Inj Rehabil 25:355-
369.

Ashba J, Garshick E, Tun CG, Lieberman SL, Polakoff DF, Blanchard JD, Brown R 
(1993) Spirometry--acceptability and reproducibility in spinal cord injured 
subjects. J Am Paraplegia Soc 16:197-203.

Berlowitz DJ, Wadsworth B, Ross J (2016) Respiratory problems and 
management in people with spinal cord injury. Breathe (Sheff) 12:328-340.

Black LF, Hyatt RE (1971) Maximal static respiratory pressures in generalized 
neuromuscular disease. Am Rev Respir Dis 103:641-650.

Chiou M, Bach JR, Albert O, Gonçalves MR (2019) Complete restoration of 
respiratory muscle function in three subjects with spinal cord injury? Am J 
Phys Med Rehabil doi: 10.1097/PHM.0000000000001337.

Cho HK (2018) The effects of music therapy-singing group on quality of life 
and affect of persons with dementia: a randomized controlled trial. Front 
Med (Lausanne) 5:279.

Chua JR, Albay AB, Jr., Tee ML (2019) Body composition of filipino chronic 
obstructive pulmonary disease (COPD) patients in relation to their lung 
function, exercise capacity and quality of life. Int J Chron Obstruct Pulmon 
Dis 14:2759-2765.

Clini E, Holland AE, Pitta F, Troosters T (2018) Textbook of pulmonary 
rehabilitation. Cham, Switzerland: Springer International Publishing.

Cohen SM, Statham M, Rosen CA, Zullo T (2009) Development and validation 
of the Singing Voice Handicap-10. Laryngoscope 119:1864-1869.

Colman AM (2008) A dictionary of psychology. 3rd ed. Oxford: Oxford 
University Press.

DiMarco AF, Geertman RT, Tabbaa K, Kowalski KE (2019a) Complete 
restoration of respiratory muscle function in subjects with spinal cord 
injury (SCI) interventional clinical trial. Am J Phys Med Rehabil doi: 10.1097/
PHM.0000000000001338.

DiMarco AF, Geertman RT, Tabbaa K, Nemunaitis GA, Kowalski KE (2019b) 
Restoration of cough via spinal cord stimulation improves pulmonary 
function in tetraplegics. J Spinal Cord Med doi:10.1080/10790268.2019.16
99678.

Hardy TA, Chadwick MR, Davies MJ (2019) Mechanisms of improved exercise 
capacity following respiratory muscle training in athletes with cervical 
spinal cord injury. J Physiol 597:5531-5532.

Hoh DJ, Mercier LM, Hussey SP, Lane MA (2013) Respiration following spinal 
cord injury: evidence for human neuroplasticity. Respir Physiol Neurobiol 
189:450-464.

Kelley A, Garshick E, Gross ER, Lieberman SL, Tun CG, Brown R (2003) 
Spirometry testing standards in spinal cord injury. Chest 123:725-730.

Lemos JR, da Cunha FA, Lopes AJ, Guimarães FS, do Amaral Vasconcellos FV, 
Dos Santos Vigário P (2019) Respiratory muscle training in non-athletes 
and athletes with spinal cord injury: A systematic review of the effects 
on pulmonary function, respiratory muscle strength and endurance, 
and cardiorespiratory fitness based on the FITT principle of exercise 
prescription. J Back Musculoskelet Rehabil doi:10.3233/BMR-181452.

Lewis A, Cave P, Hopkinson NS (2018) Singing for lung health: service 
evaluation of the British Lung Foundation programme. Perspect Public 
Health 138:215-222.

Lord VM, Cave P, Hume VJ, Flude EJ, Evans A, Kelly JL, Polkey MI, Hopkinson 
NS (2010) Singing teaching as a therapy for chronic respiratory disease-
-a randomised controlled trial and qualitative evaluation. BMC Pulm Med 
10:41.

Lord VM, Hume VJ, Kelly JL, Cave P, Silver J, Waldman M, White C, Smith C, 
Tanner R, Sanchez M, Man WD, Polkey MI, Hopkinson NS (2012) Singing 
classes for chronic obstructive pulmonary disease: a randomized controlled 
trial. BMC Pulm Med 12:69.

Lord VM, Hume VJ, Kelly JL, Cave P, Silver J, Waldman M, White C, Smith C, 
Tanner R, Sanchez M, Man WDC, Polkey MI, Hopkinson NS (2014) Erratum 
to: Singing classes for chronic obstructive pulmonary disease: a randomized 
controlled trial. BMC Pulm Med 14:181.

McNaughton A, Aldington S, Williams G, Levack WM (2016) Sing Your Lungs 
Out: a qualitative study of a community singing group for people with 
chronic obstructive pulmonary disease (COPD). BMJ Open 6:e012521.

National Spinal Cord Injury Statistical Center (2017) Facts and figures at a 
glance. Birmingham, AL: University of Alabama at Birmingham.

Nguyen DAT, Boswell-Ruys CL, McCaughey EJ, Gandevia SC, Hudson AL, 
Butler JE (2020) Absence of inspiratory premotor potentials during quiet 
breathing in cervical spinal cord injury. J Appl Physiol (1985) 128:660-666.

Oates JM, Russell A (1997) A sound judgment. Melbourne: La Trobe University.
Pacheco C, Costa A, Amado J, Almeida P (2014) Singing in chronic obstructive 

pulmonary disease patients: A pilot study in Portugal. Rev Port Pneumol 
20:225-228.

Santoni C, de Boer G, Thaut M, Bressmann T (2020) Influence of altered 
auditory feedback on oral-nasal balance in song. J Voice 34:157.e9-157.
e15.

Shin JC, Han EY, Cho KH, Im SH (2019) Improvement in pulmonary function 
with short-term rehabilitation treatment in spinal cord injury patients. Sci 
Rep 9:17091.

Skingley A, Page S, Clift S, Morrison I, Coulton S, Treadwell P, Vella-Burrows 
T, Salisbury I, Shipton M (2014) “Singing for Breathing”: Participants’ 
perceptions of a group singing programme for people with COPD. Arts 
Health 6:59-74.

Swigris JJ, Wilson H, Esser D, Conoscenti CS, Stansen W, Kline Leidy N, 
Brown KK (2018) Psychometric properties of the St George’s Respiratory 
Questionnaire in patients with idiopathic pulmonary fibrosis: insights from 
the INPULSIS trials. BMJ Open Respir Res 5:e000278.

Tamplin J, Loveridge B, Clarke K, Li Y, D JB (2019) Development and feasibility 
testing of an online virtual reality platform for delivering therapeutic group 
singing interventions for people living with spinal cord injury. J Telemed 
Telecare doi: 10.1177/1357633X19828463.

Tamplin J, Brazzale DJ, Pretto JJ, Ruehland WR, Buttifant M, Brown DJ, 
Berlowitz DJ (2011) Assessment of breathing patterns and respiratory 
muscle recruitment during singing and speech in quadriplegia. Arch Phys 
Med Rehabil 92:250-256.

Tamplin J, Baker FA, Grocke D, Brazzale DJ, Pretto JJ, Ruehland WR, Buttifant 
M, Brown DJ, Berlowitz DJ (2013) Effect of singing on respiratory function, 
voice, and mood after quadriplegia: a randomized controlled trial. Arch 
Phys Med Rehabil 94:426-434.

Thaut MH, Hoemberg V (2014) Handbook of neurologic music therapy. 
Oxford: Oxford University Press.

C-Editor: Zhao M; S-Editors: Yu J, Li CH; L-Editors: Yu J, Song LP; T-Editor: Jia Y



NEURAL REGENERATION RESERACH www.nrronline.org

Additional Figure 1 Inhalation and exhalation melodic exercise example.


