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Abstract 

Background: Respiratory disorders result in rehospitalization and premature death of patients with cervical spinal 
cord injuries (CSCI). Community game‑based respiratory muscle training (RMT) programs could reduce secondary 
complications.

Methods: We examined the feasibility and preliminary efficacy of RMT as a community‑based exercise program. 
Among the 10 included participants (eight male and two female), four, one, one, and four reported C3, C4, C5, and 
C6 complete injuries, respectively (eight graded by American Spinal Injury Association impairment scale [ASIA] A and 
two by ASIA B). Their mean age was 43 ± 12.3 y. The time since injury was 10 ± 6.7 y. The participants completed an 
RMT program for 60 min/day, twice weekly, for 8 weeks. The participants were trained in the use of a newly developed 
game‑based RMT device. The device provides consistent pressure for respiratory muscle strength and endurance 
training. Seven RMT devices were modified to allow 10 game‑based RMT programs. Forced vital capacity (FVC), forced 
expiratory volume in 1 s  (FEV1), peak expiratory flow (PEF), vital capacity (VC), inspiratory capacity (IC), inspiratory 
reserve volume (IRV), expiratory reserve volume (ERV), maximum inspiratory pressure (MIP), maximum expiratory 
pressure (MEP), and peak cough flow (PCF) were measured.

Results: There were improvements after RMT compared to pre‑RMT in FVC (p = 0.027, 10.62%, 0.22 effect size [ES]), 
PEF (p = 0.006, 23.21%, 0.45 ES), VC (p = 0.002, 35.52%, 0.60 ES), IC (p = 0.001, 46.94%, 0.81 ES), IRV (p = 0.001, 90.53%, 
1.22 ES), MIP (p = 0.002, 97.25%, 1.32 ES), MEP (p = 0.005, 141.12%, 1.07 ES), and PCF (p = 0.001, 35.60%, 0.74 ES). The 
participants reported a positive impact of the program.

Conclusions: Community game‑based RMT for individuals with CSCI appears to be safe and feasible. Community 
exercise with RMT use may have a positive impact on the respiratory measures for patients with CSCI who are vulner‑
able to respiratory compromise.

Trial registration: KCT0005980.
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Background
Spinal cord injury (SCI) has become increasingly wide-
spread [1]. Falls, violence, and motor vehicle accidents 
are the most common causes of SCI [2]. With advances 
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in medical technology and care over the past decades, 
the associated increase in life expectancy has led to a 
rising population of patients with SCI [3]. Further, 
these patients may have an increased risk of acquiring 
potentially fatal secondary health conditions [4, 5].

Dysfunctions owing to cervical SCI (CSCI) include 
complete or partial impairment of motor control and 
sensory function [6]. CSCI disrupts the respiratory 
function of inspiratory and expiratory muscles such as 
the diaphragm, intercostal muscles, accessory respira-
tory muscles, and abdominal muscles [7, 8]. The reduc-
tion of respiratory function is considered the major 
short- and long-term cause of morbidity and mortal-
ity in SCI cases owing to the associated complications, 
such as atelectasis or pneumonia [9, 10].

A common consequence of CSCI is the defective 
innervation of the inspiratory and expiratory muscles 
[11]. This defective innervation results in muscle dys-
function that contributes to changes in the chest wall 
compliance, lung capacity, ventilatory efficiency, and 
maximum expiratory and inspiratory muscle pressure 
[11]. Particularly, in CSCI cases, there is impairment in 
the control of the cervical spinal cord over the respira-
tory muscles located below the injury point [11]. The 
resulting paralysis of the respiratory muscles reduces 
the ability to cough and accumulates airway secre-
tions, thus causing various respiratory complications 
[12]. Furthermore, weakened respiratory muscles can-
not sufficiently inflate the lung to its maximum volume; 
in addition, they cannot compress the lung to its mini-
mum residual volume [13]. Therefore, prolonged insuf-
ficient thoracic expansion results in the shortening and 
hardening of the thoracic tissue and in muscular fibro-
sis, which reduces the compliance of the thoracic cavity 
and promotes atelectasis; in turn, it results in a lower 
compliance of the lungs [13, 14]. Such factors may 
reduce coughing and sputum secretion abilities, which 
may pose as serious disturbances in respiratory hygiene 
[15].

In the initial stage of spinal shock, pulmonary func-
tion is reduced due to flaccid paralysis of all the mus-
cles and paralysis of the respiratory muscles [16]. In 
patients with CSCI, recovery to the pre-SCI state of res-
piratory function is difficult. Individuals with CSCI may 
experience a vital capacity reduction of up to 50% and 
a functional residual capacity reduction of up to 75% 
[8]. As the reduced respiratory function can restrict the 
daily life of individuals with CSCI with challenges (i.e., 
dyspnea) and difficulties in sputum secretion [17], res-
piratory muscle training (RMT) seems to be essential to 
boost impaired pulmonary function and reduce respir-
atory complications [18, 19]. RMT demonstrated signif-
icant improvements in respiratory muscle strength and 

endurance, thereby ameliorating respiratory complica-
tions [16, 17].

Although the implementation of RMT interventions 
is crucial to prevent respiratory complications follow-
ing CSCI, participation in irregular RMT intervention 
may lead to obstructive pulmonary disease and worsen-
ing of respiratory failure [20]. In particular, as respira-
tory failure in individuals with CSCI increases the risk of 
respiratory complications, early implementation of the 
appropriate RMT intervention seems to be essential [16]. 
RMT interventions result in the improvement of res-
piratory function, effective coughing for the removal of 
secretions, and reduced secretions owing to autonomic 
dysfunction [15].

According to a Cochrane review [16], several studies 
have explored the mechanism of respiratory dysfunction 
and conducted various RMT interventions to improve res-
piratory function [16]; 11 studies have demonstrated that 
such interventions were safe and effective in improving 
the respiratory strength and coughing ability of patients 
with CSCI. Nevertheless, interventions to improve respir-
atory strength and coughing ability in patients with CSCI 
were usually performed in a hospital setting by perform-
ing everyday activities, such as blowing candles, blowing 
balloons, blowing a ping-pong ball, and singing, without 
using specialized medical devices [16, 21]. Although Ber-
lowitz and Tamplin advise repetitive RMT interventions 
[16], the procedure is considered monotonous and the 
level of improvement cannot be assessed during the inter-
vention. Breathing training is thus inconvenient. Game-
based RMT was developed to overcome these issues and 
provide engaging and more practical breathing training; 
this program incorporated the term “game” into RMT 
[22]. It was created to allow individuals with CSCI to be 
excited and engaged, thus enabling the easier perfor-
mance of RMT within the community. This program ena-
bles the continuous management of individuals with CSCI 
to prevent respiratory complications, along with the max-
imization of RMT. Our aim was to examine the feasibility 
and preliminary efficacy of game-based RMT on respira-
tory function and cough ability in individuals with CSCI.

Methods
Participants
This study was approved, and all methods were carried 
out in accordance with relevant guidelines and regula-
tions by the National Rehabilitation Hospital’s Institu-
tional Review Board (NRCIRB 2016-03-029). In this 
feasibility and preliminary study, participants were 
recruited on a voluntary basis from a rehabilitation sport 
(RS) class. This study was conducted following the prin-
ciples of the Declaration of Helsinki. The study protocol 
was registered and assigned the number KCT0005980 
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(first registration 09/03/2021). Both verbal and written 
consent for study participation was obtained from each 
participant prior to the commencement of the study. All 
the participants were informed of the objectives, proce-
dures, and potential risks or discomfort associated with 
study participation. The RS class was completed at The 
Korea National Rehabilitation Institute Project (Seoul, 
South Korea), a community-based organization that pro-
vides exercise opportunities for people with disabilities. 
The RS class was specifically designed for patients with 
CSCI and included all such cases irrespective of their age, 
time since injury, and injury levels. All the participants 
in the RS class were allowed to participate in this study 
(Fig. 1); volunteers for the study signed an informed con-
sent. The participants were included in the study if they 
had a CSCI and an American Spinal Injury Association 
(ASIA) impairment scale level of A or B. Additionally, 
the participants were included in the study if they were 
over 20  years of age. We excluded those who had any 
other neurological condition other than SCI; could not 
complete a single repetition using the RMT device; had 
no arthritis or neuromuscular disease in the spine that 
could affect lung function; or had any conditions limit-
ing participation in exercise, including but not limited to 
orthopedic, cardiac, or pulmonary diseases. Consenting 
participants self-reported the level of injury, complete 
versus incomplete, ASIA level, age, and time since injury.

Interventions
Rehabilitation sport class
The RS class was held at the Korea National Rehabilita-
tion Institute Project twice per week for 8 consecutive 

weeks. The program consisted of a warm-up, cool-down 
(accessory muscles stretching), game-based RMT pro-
gram, and arrangement exercise (breathing assistant 
muscle stretching).

Game‑based respiratory muscle training
The participants were trained in the use of a developed 
game-based RMT device [22]. The game-based RMT 
device provides consistent pressure for respiratory mus-
cle strength and endurance training, regardless of the 
breathing speed. The programs comprised 8 game-based 
RMT interventions for both inspiratory and expiratory 
muscle training. The program was conducted using 3 or 4 
devices per training day. The details of the programs per-
formed in this study are presented in Table 1.

An exercise instructor and physical therapist were 
trained in the administration of the RMT devices; the ini-
tial training level was set such that they could complete 
15 breaths/set without exhibiting symptoms of hyper-
ventilation. The RMT program (60 min/session) was per-
formed twice a week (8 weeks) using the developed RMT 
devices. Each training day program consisted of warm-up 
(10 min) with stretching muscles around the neck, cool-
down (10 min), and game-based RMT (40 min).

This training protocol was reported to be feasible and 
effective in patients with CSCI [22]. The participants 
were provided weekly training diaries noting the train-
ing repetition and set number, perceived rate of exertion, 
and adverse responses. If a training diary was forgotten, 
the report was recorded by an exercise instructor. All the 
participants received their own exercise instructor, and 
the resistance was advanced weekly.

Fig. 1 Consolidated Standards of Reporting Trials (CONSORT) diagram showing the flow of subjects through each stage of the study
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Measures
The outcome measures were evaluated before and after 
the 8-week program. Before the evaluation, the partici-
pants were taught regarding the test method. The respira-
tory function was measured using a digital respiratory 
function measuring device (Pony FX, COSMED, Rome, 
Italy) [22]. For accurate measurement, the examiner pro-
vided sufficient explanation to the participant to compre-
hend the test, presented the process, and measured the 
respiratory function [23]. In this study, the respiratory 
function of forced vital capacity (FVC), forced expira-
tory volume in 1  s  (FEV1), peak expiratory flow (PEF), 
vital capacity (VC), inspiratory capacity (IC), inspiratory 
reserve volume (IRV), and expiratory reserve volume 
(ERV) were measured.

The respiratory muscle strength was evaluated by the 
maximum inspiratory pressure (MIP) and the maximum 
expiratory pressure (MEP) measurement using the Pony 
FX (COSMED) [16].

The peak cough flow (PCF), which measures the abil-
ity to produce an effective cough, was assessed using a 
PCF meter (PF100, Microlife Corp., Cambridge, UK). The 
participants were instructed to inhale to the maximum 
capacity and then cough as strongly as possible [16]. 
Three measurements of each variable were obtained and 
the mean of the three values was analyzed.

Data analysis
All the statistical analyses were performed with SPSS 
version 21.0 (IBM Corp., Armonk, NY). The means and 
standard deviations of each variable were obtained using 
descriptive statistics. The number of samples (n = 10) 
was < 30. The normality test was performed using the 
Shapiro–Wilk test; however, the non-parametric test 
was conducted, since it satisfied the significance level 
(p < 0.05). The Wilcoxon test was conducted to assess the 

differences between the pre- and post-exercise measure-
ments of the participants’ performance. In addition to 
this null hypothesis testing, the data were also assessed 
for clinical significance using an approach based on the 
magnitudes of change. We calculated the magnitude 
of the size of differences by the effect size (ES) [24]. We 
considered an ES of 0.00–0.19, 0.20–0.49, 0.50–0.79, 
and ≥ 0.80 as trivial, small, moderate, and high, respec-
tively [24].

Results
Demographics
In total, 10 participants (sex, eight male and two female) 
with CSCI consented to participate, completed the train-
ing, and were included in the analysis. All participants 
had complete cervical level injuries (Table  2). Their age 
was 43.6 ± 12.3  years (mean ± standard deviation), and 
the time since injury onset was 10.3 ± 6.7 years (Table 2). 
Pre- and post-measures were obtained for all participants 
who completed the training.

Outcome measures
The mean difference for all measures across participants 
demonstrated an overall improvement in all the out-
come measures (Table 3). In the respiratory assessment, 
FVC (p = 0.027, 10.62%, 0.22 ES), PEF (p = 0.006, 23.21%, 
0.45 ES), VC (p = 0.002, 35.52%, 0.60 ES), IC (p = 0.001, 
46.94%, 0.81 ES), and IRV (p = 0.001, 90.53%, 1.22 ES) 
were significantly improved. MIP (p = 0.002, 97.25%, 1.32 
ES) and MEP (p = 0.005, 141.12%, 1.07 ES) significantly 
improved after the game-based RMT. The PCF values 
(p = 0.001, 35.60%, 0.74 ES) also significantly improved.

Safety, feasibility, adverse events
There was no study related to adverse events. Respira-
tory variables were examined for the 10 participants 

Table 2 Participant demographics

Level, injury level; C, complete injury; I, incomplete injury; ASIA, American Spinal Injury Association impairment scale level as reported by the participant; Years post, 
years post injury; F, female; M, male

Participant Level C/I ASIA Years post Age Sex

1 C3 C B 4 32 M

2 C6 C A 7 49 M

3 C3 C A 13 35 M

4 C6 C A 11 34 M

5 C6 C B 6 28 M

6 C3 C A 23 42 M

7 C3 C A 2 61 M

8 C5 C A 19 38 M

9 C4 C A 7 57 F

10 C6 C A 7 60 F
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who completed 16 training sessions during the 8  weeks 
(Table 3).

Discussion
In this study, we reported that game-based RMT sig-
nificantly improved the respiratory outcomes in patients 
with CSCI. This is the first study to demonstrate how a 
novel approach to game-based RMT with a community 
exercise program could be an encouraging intervention 
strategy for patients with CSCI.

A functional, effective method of RMT is required to 
support the repetitive, intensive training warranted for 
the respiratory rehabilitation of patients with CSCI. 
Additionally, participants’ active participation through-
out the lengthy rehabilitation.

RMT should easily attract the interest of participants. 
Patients with CSCI experience weakened respiratory 
muscles, leading to ineffective cough or sputum removal 
capacity [16]. Furthermore, secretions accumulate in the 
airway owing to dysphagia and inspiration, leading to 
various respiratory complications, such as pneumonia 
and atelectasis [16]. Thus, RMT interventions based on 
an accurate diagnosis of functional capacity and condi-
tion, prognosis, and severity in patients with CSCI are 
vital [25, 26]. The effects of RMT on overall respiratory 
function were quantitatively examined by performing 
a comparison between the pre-exercise and post-exer-
cise values. Interestingly, most outcome measures were 
improved, except for  FEV1 and ERV.

The program was conducted in two 60-min sessions per 
week, for 8 weeks. To examine the effectiveness of RMT, 

pre- and post-intervention evaluations of the partici-
pants’ respiratory function, respiratory muscle strength, 
and cough ability were evaluated. An observation of the 
study findings revealed significant improvements in the 
FVC, PEF, VC, IC, IRV, MIP, MEP, and PCF throughout 
the 8-week RMT intervention period.

After training, both the FVC and  FEV1 increased. The 
pulmonary function test (FVC and  FEV1) is the simplest 
and most comprehensive respiratory functional assess-
ment for the diagnosis and evaluation of airway diseases. 
The FVC and  FEV1 measure forceful expiration following 
maximum inspiration and forceful expiration in one sec-
ond, respectively [27]. Pulmonary function testing is used 
to measure the change and improvement of respiratory 
function in individuals with CSCI.

The observed significant improvement in FVC was 
consistent with the results of a previous study [19] that 
reported a similar improvement in the FVC of patients 
with SCI after 8  weeks of RMT training. However, this 
study used a combination of developed game-based RMT 
interventions instead of a traditional RMT. In addition, 
patients with CSCI (ASIA A or B) who have difficulty 
recruiting participants were included. The game-based 
RMT was used to strengthen the muscles involved in 
inhalation and exhalation, which resulted in an increase 
in the FVC and  FEV1. The observed significant improve-
ments suggested that game-based RMT interventions are 
effective in increasing the FVC in patients with CSCI.

After RMT completion, PEF, VC, IC, and IRV were sig-
nificantly improved.

Table 3 Summary of training effects for respiratory function test variables obtained before and after intervention

Values are presented as means ± standard deviations. The p value was derived from a paired t-test of the results before and after the intervention

CI, confidence interval; FVC, forced vital capacity;  FEV1, forced expiratory volume in one second; PEF, peak expiratory flow; VC, vital capacity; IC, inspiratory capacity; 
IRV, inspiratory reserve volume; ERV, expiratory reserve volume; MIP, maximum inspiratory pressure; MEP, maximum expiratory pressure; PCF, peak cough flow; MBorg, 
Modified Borg scale; SD, standard deviation

*p < 0.05; **p < 0.01

 #Small, ##Moderate, ###Large

Variables Before 
intervention, 
mean ± SD

After 
intervention, 
mean ± SD

% Change (95% CI) T p Effect size 
(Cohen’s d)

FVC (L) 2.26 ± 1.09 2.50 ± 1.14* 10.62 (− 0.45, − 0.04) − 2.65 0.027 0.22#

FEV1 (L) 1.96 ± 0.91 2.11 ± 0.92 7.65 (− 0.29, − 0.00) − 2.25 0.051 0.16

PEF (L/sec) 4.48 ± 2.08 5.52 ± 2.54** 23.21 (− 1.69, − 0.38) − 3.58 0.006 0.45#

VC (L) 1.83 ± 0.93 2.48 ± 1.21** 35.52 (− 0.99, − 0.31) − 4.33 0.002 0.60##

IC (L) 1.47 ± 0.68 2.16 ± 0.98** 46.94 (− 0.99, − 0.37) − 5.00 0.001 0.81###

IRV (L) 0.95 ± 0.47 1.81 ± 0.88** 90.53 (− 1.24, − 0.47) − 4.98 0.001 1.22###

ERV (L) 0.39 ± 0.37 0.37 ± 0.40 − 5.13 (− 0.24, 0.27) 0.15 0.884 0.05

MIP  (cmH2O) 29.10 ± 16.97 57.40 ± 25.03** 97.25 (− 42.82, − 13.78) − 4.41 0.002 1.32###

MEP  (cmH2O) 21.40 ± 21.87 51.60 ± 33.49** 141.12 (− 48.81, − 11.59) − 3.67 0.005 1.07###

PCF (L/min) 194.10 ± 82.24 263.20 ± 104.40** 35.60 (− 103.10, − 35.10) − 4.60 0.001 0.74##
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These results were similar to those of previous stud-
ies that reported a significant improvement in the PEF, 
VC, and IC after RMT in patients with SCI [10, 16, 28]. 
These results have been attributed to the changes in the 
chest wall characteristics [29], such as the recovery of 
diaphragmatic function [9, 30], improved ability of the 
accessory respiratory muscles, and increased stability 
and adaptability of the thoracic cavity [31]. Moreover, VC 
and expiratory flow decrease after CSCI, which can cause 
severe respiratory failure [32]; therefore, patients with 
CSCI should be managed with a steady RMT protocol to 
restore respiratory muscle function.

Evaluation of respiratory muscle strength is used to 
determine respiratory failure [33] and to evaluate the 
changes and improvement in coughing capacity in 
patients with SCI. Furthermore, the maximum cough 
flow is produced by an increase in the abdominal and 
chest pressure, generated by the contraction of the 
internal intercostal and abdominal muscles [34]. This 
method of evaluation is used as a measure to evalu-
ate the degree and change in the improvement of the 
respiratory muscle strength and coughing capacity 
of patients with SCI [35]. Following 8  weeks of game-
based RMT, improvements were observed in the MIP 
and MEP. The results of providing game-based RMT to 
patients with CSCI revealed significant improvements 
in the MIP and MEP. Our findings were consistent 
with those of a previous study [10], where significant 
improvements in the MIP and MEP were observed fol-
lowing 6  weeks of RMT among patients with spinal 
injuries (C4-C7, T1). These findings highlighted the 
possibility that the game-based RMT helped strengthen 
the muscles involved in inspiration and expiration, 
thus, improving the MIP and MEP. The improvements 
in the MIP and MEP may be attributed to the hyper-
ventilation that occurred due to the participants’ efforts 
to win, a part of the RMT protocol, which might have 
helped activate and strengthen the respiratory muscles 
of the participants [22]. Thus, the RMT intervention 
program proposed in this study could be used to effec-
tively improve the MIP and MEP.

Furthermore, the provision of game-based RMT for 
8  weeks among patients with CSCI showed a signifi-
cant improvement in the PCF. This finding was similar 
to that of a previous study that reported a significant 
improvement in the PCF following 4  weeks of RMT 
among patients with CSCI [36]. However, they used 
activation of the abdominal muscles using functional 
electrical stimulation with assisted RMT to improve the 
PCF. Coughing is an important protective mechanism 
to excrete secretions in an effort to prevent respira-
tory complications, such as atelectasis and pneumonia 
[37]. In order to cough effectively, the three stages of 

coughing (inhalation-compression-exhalation) should 
function normally [38]. Nevertheless, in cases where the 
spinal cord is damaged, the coughing mechanism could 
be abnormal, thus, requiring assistance in coughing to 
adequately excrete the secretions settling in the airway 
[15]. Intercostal and abdominal muscle paralysis makes 
expiratory muscle contraction following inhalation chal-
lenging [15]. Thus, the expiratory muscle contraction 
owing to lung expansion from the inspired air and chest 
wall recoil makes it more difficult for patients to cough 
effectively [39, 40]. Therefore, game-based RMT may be 
an effective intervention for the improvement of expira-
tory function and cough ability in patients with CSCI.

Conventional RMTs, such as diaphragmatic breath-
ing, isocapnic hyperpnea training, air stacking exercise, 
pursed-lip breathing, and air-shifting, are repetitive hos-
pital-based interventions, which could result in the loss 
of patients’ interest and in abandonment of the rehabili-
tation process [21]. The interventions suggested in a pre-
vious study [21] were mundane and did not demonstrate 
observable improvements, which resulted in challenges 
to the implementation of RMT. In this study, game-based 
voluntary hyperventilation was encouraged during RMT. 
The intervention was developed in an effort to alleviate 
the challenges and provide a more interesting and effec-
tive RMT procedure. Moreover, a combination of both 
game and RMT possesses several advantages compared 
to the conventional RMT protocols. First, game-based 
RMT can induce competition against other participants, 
thus promoting a more continuous participation in the 
program. Second, it provides an interactive environ-
ment for participants with the same condition. Third, the 
effectiveness of the RMT seems to be higher because of 
the increased interest and participation rate, which ulti-
mately can improve the quality of life of patients with 
CSCI.

Limitations
Since this was a preliminary pilot study, there were some 
limitations that should be acknowledged. First, it had a 
single group pre- and post-design, and there was no con-
trol group to compare the exercise effects. It is necessary 
to study the effects of RMT in future studies based on 
the principle of random allocation of participants with a 
control group. Second, the study had a small sample size 
and the participants were mostly male; thus, the results 
may not be generalizable to all patients with CSCI. Fur-
ther studies should include more women to examine 
sex differences in the results of the respiratory function 
tests performed in patients with CSCI. Third, it is nec-
essary to examine the effect of age, smoking status, loca-
tion of injury (e.g., C4–C7), and onset of injury on the 
participants’ respiratory function. Fourth, the results did 
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not indicate whether the improvements resulted from 
the performed exercise programs, as all the participants 
partook in various programs. Further studies with larger 
numbers of individuals with CSCI considering various 
injury characteristics (i.e., level, severity, and duration) 
and clinical information (i.e., smoking, tracheostomy, and 
use of ventilator) are warranted to identify the factors 
contributing to pulmonary function improvement and, 
ultimately, obtain favorable rehabilitative outcomes.

Conclusions
To our knowledge, this is the first feasibility and prelimi-
nary study to suggest the use of RMT in combination 
with a community exercise program for patients with 
CSCI. Overall, the participants demonstrated improve-
ment in all the respiratory outcomes. With increased 
education and expansion of these types of programs, 
compliance with an RMT program may increase.

Finally, we judged that the safety verification for the 
mechanical part should be carried out for the generaliza-
tion of the developed RMT devices.

Abbreviations
CSCI: Cervical spinal cord injury; ERV: Expiratory reserve volume; FVC: Forced 
vital capacity; FEV1: Forced expiratory volume in 1 s,; IC: Inspiratory capacity; 
IRV: Inspiratory reserve volume; MIP: Maximum inspiratory pressure; MEP: The 
maximum expiratory pressure; PEF: Peak expiratory flow; RMT: Respiratory 
muscle training; SCI: Spinal cord injury; VC: Vital capacity.

Acknowledgements
The authors would like to thank all the participants and research staff who 
assisted with the project’s data collection. The authors would like to thank 
the students at the Department of Industrial & Systems Engineering Dong‑
guk University for providing the parts for the development of the device to 
complete this study.

Author contributions
DK: Conceptualization, data curation, formal analysis, methodology, project 
administration, writing‑original draft; JP: Conceptualization, data curation, 
investigation, project administration, visualization, writing‑original draft; SDE: 
Conceptualization, funding acquisition, methodology, project administration, 
writing‑review&editing. All authors read and approved the final manuscript.

Funding
This research was funded by the National Rehabilitation Research Institute, 
Seoul, South Korea (16‑C‑01).

Availability of data and materials
The datasets used and/or analyzed during the current study are available from 
the corresponding author on reasonable request.

Declarations

Ethical approval and consent to participate
This study was approved by the National Rehabilitation Hospital’s Institutional 
Review Board (NRCIRB 2016‑03‑029) and was enrolled in the Clinical Research 
Information Service in compliance with the World Health Organization Inter‑
national Clinical Trials Registry Platform (KCT0005980).

Informed consent
Informed consent was obtained from all the participants involved in the study.

Consent for publication
Not applicable.

Competing interests
The authors declare that they have no competing interests.

Received: 27 December 2021   Accepted: 18 July 2022

References
 1. Ma VY, Chan L, Carruthers KJ. Incidence, prevalence, costs, and impact on 

disability of common conditions requiring rehabilitation in the United 
States: stroke, spinal cord injury, traumatic Brain injury, multiple sclerosis, 
osteoarthritis, rheumatoid arthritis, limb loss, and back pain. Arch Phys 
Med Rehabil. 2014;95:986‑995.e1. https:// doi. org/ 10. 1016/j. apmr. 2013. 10. 
032.

 2. Center NSCIS. Spinal cord injury (SCI) facts and figures at a glance. J 
Spinal Cord Med. 2016;39:370–1. https:// doi. org/ 10. 1080/ 10790 268. 2016. 
11773 48.

 3. Strauss DJ, DeVivo MJ, Paculdo DR, Shavelle RM. Trends in life expectancy 
after spinal cord injury. Arch Phys Med Rehabil. 2006;87:1079–85. https:// 
doi. org/ 10. 1016/j. apmr. 2006. 04. 022.

 4. Jensen MP, Truitt AR, Schomer KG, Yorkston KM, Baylor C, Molton IR. 
Frequency and age effects of secondary health conditions in individuals 
with spinal cord injury: a scoping review. Spinal Cord. 2013;51:882–92. 
https:// doi. org/ 10. 1038/ sc. 2013. 112.

 5. Savic G, DeVivo MJ, Frankel HL, Jamous MA, Soni BM, Charlifue S. Long‑
term survival after traumatic spinal cord injury: a 70‑year British study. 
Spinal Cord. 2017;55:651–8. https:// doi. org/ 10. 1038/ sc. 2017. 23.

 6. Hardy TA, Chadwick MR, Davies MJ. Mechanisms of improved exercise 
capacity following respiratory muscle training in athletes with cervical 
spinal cord injury. J Physiol. 2019;597:5531–2. https:// doi. org/ 10. 1113/ 
JP278 733.

 7. Linder SH. Functional electrical stimulation to enhance cough in quadri‑
plegia. Chest. 1993;103:166–9. https:// doi. org/ 10. 1378/ chest. 103.1. 166.

 8. McBain RA, Boswell‑Ruys CL, Lee BB, Gandevia SC, Butler JE. Abdominal 
muscle training can enhance cough after spinal cord injury. Neuroreha‑
bil Neural Repair. 2013;27:834–43. https:// doi. org/ 10. 1177/ 15459 68313 
496324.

 9. Brown R, DiMarco AF, Hoit JD, Garshick E. Respiratory dysfunction and 
management in spinal cord injury. Respir Care. 2006;51:853–68 (discus-
sion 869).

 10. Roth EJ, Stenson KW, Powley S, Oken J, Primack S, Nussbaum SB, et al. 
Expiratory muscle training in spinal cord injury: a randomized controlled 
trial. Arch Phys Med Rehabil. 2010;91:857–61. https:// doi. org/ 10. 1016/j. 
apmr. 2010. 02. 012.

 11. Slack RS, Shucart W. Respiratory dysfunction associated with traumatic 
injury to the central nervous system. Clin Chest Med. 1994;15:739–49. 
https:// doi. org/ 10. 1016/ S0272‑ 5231(21) 00966‑7.

 12. Carter RE. Respiratory aspects of spinal cord injury management. Paraple‑
gia. 1987;25:262–6. https:// doi. org/ 10. 1038/ sc. 1987. 48.

 13. Estenne M, Heilporn A, Delhez L, Yernault JC, De Troyer A. Chest wall stiff‑
ness in patients with chronic respiratory muscle weakness. Am Rev Respir 
Dis. 1983;128:1002–7.

 14. Estenne M, Gevenois PA, Kinnear W, Soudon P, Heilporn A, De Troyer 
A. Lung volume restriction in patients with chronic respiratory muscle 
weakness: the role of microatelectasis. Thorax. 1993;48:698–701. https:// 
doi. org/ 10. 1136/ thx. 48.7. 698.

 15. Galeiras Vázquez R, Rascado Sedes P, Mourelo Fariña M, Montoto Marqués 
A, Ferreiro Velasco ME. Respiratory management in the patient with 
spinal cord injury. BioMed Res Int. 2013;2013:168757. https:// doi. org/ 10. 
1155/ 2013/ 168757.

 16. Berlowitz DJ, Tamplin J. Respiratory muscle training for cervical spinal 
cord injury. Cochrane Database Syst Rev. 2013;7:CD008507. https:// doi. 
org/ 10. 1002/ 14651 858. CD008 507. pub2.

https://doi.org/10.1016/j.apmr.2013.10.032
https://doi.org/10.1016/j.apmr.2013.10.032
https://doi.org/10.1080/10790268.2016.1177348
https://doi.org/10.1080/10790268.2016.1177348
https://doi.org/10.1016/j.apmr.2006.04.022
https://doi.org/10.1016/j.apmr.2006.04.022
https://doi.org/10.1038/sc.2013.112
https://doi.org/10.1038/sc.2017.23
https://doi.org/10.1113/JP278733
https://doi.org/10.1113/JP278733
https://doi.org/10.1378/chest.103.1.166
https://doi.org/10.1177/1545968313496324
https://doi.org/10.1177/1545968313496324
https://doi.org/10.1016/j.apmr.2010.02.012
https://doi.org/10.1016/j.apmr.2010.02.012
https://doi.org/10.1016/S0272-5231(21)00966-7
https://doi.org/10.1038/sc.1987.48
https://doi.org/10.1136/thx.48.7.698
https://doi.org/10.1136/thx.48.7.698
https://doi.org/10.1155/2013/168757
https://doi.org/10.1155/2013/168757
https://doi.org/10.1002/14651858.CD008507.pub2
https://doi.org/10.1002/14651858.CD008507.pub2


Page 9 of 9Kang et al. BMC Sports Science, Medicine and Rehabilitation          (2022) 14:137  

•
 
fast, convenient online submission

 •
  

thorough peer review by experienced researchers in your field

• 
 
rapid publication on acceptance

• 
 
support for research data, including large and complex data types

•
  

gold Open Access which fosters wider collaboration and increased citations 

 
maximum visibility for your research: over 100M website views per year •

  At BMC, research is always in progress.

Learn more biomedcentral.com/submissions

Ready to submit your researchReady to submit your research  ?  Choose BMC and benefit from: ?  Choose BMC and benefit from: 

 17. Van Houtte S, Vanlandewijck Y, Gosselink R. Respiratory muscle training 
in persons with spinal cord injury: a systematic review. Respir Med. 
2006;100:1886–95. https:// doi. org/ 10. 1016/j. rmed. 2006. 02. 029.

 18. Kirshblum S, Lin VW. Spinal cord medicine. New York: Springer; 2018. 
https:// doi. org/ 10. 1891/ 97808 26137 753.

 19. Kim CY, Lee JS, Kim HD, Lee DJ. Short‑term effects of respiratory muscle 
training combined with the abdominal drawing‑in maneuver on the 
decreased pulmonary function of individuals with chronic spinal cord 
injury: a pilot randomized controlled trial. J Spinal Cord Med. 2017;40:17–
25. https:// doi. org/ 10. 1080/ 10790 268. 2016. 11985 76.

 20. Kacmarek RM, Durbin CG, Barnes TA, Kageler WV, Walton JR, O’Neil EH. 
Creating a vision for respiratory care in 2015 and beyond. Respir Care. 
2009;54:375–89.

 21. Wang X, Zhang N, Xu Y. Effects of respiratory muscle training on pulmo‑
nary function in individuals with spinal cord injury: an updated meta‑
analysis. BioMed Res Int. 2020;2020:7530498. https:// doi. org/ 10. 1155/ 
2020/ 75304 98.

 22. Park J, Kang D, Eun SD. Development and pilot testing of novel game‑
based respiratory rehabilitation exercise devices for patients with tetra‑
plegia. Technol Health Care. 2021;29:1119–27. https:// doi. org/ 10. 3233/ 
THC‑ 212860.

 23. Kim JS, Oh DW. Real‑time ultrasound imaging biofeedback training is 
diaphragmatic function in nontraumatic cervical spinal cord injury: 
a single‑subject experimental study. Eur J Physiother. 2017;19:69–75. 
https:// doi. org/ 10. 1080/ 21679 169. 2016. 12479 09.

 24. Cohen J. Statistical power analysis for the behavioral sciences. 2nd ed. 
New York: Lawrence Erlbaum Associates; 1988.

 25. Boswell‑Ruys CL, Lewis CRH, Wijeysuriya NS, McBain RA, Lee BB, McKenzie 
DK, et al. Impact of respiratory muscle training on respiratory muscle 
strength, respiratory function and quality of life in individuals with tetra‑
plegia: a randomised clinical trial. Thorax. 2020;75:279–88. https:// doi. org/ 
10. 1136/ thora xjnl‑ 2019‑ 213917.

 26. Skinner JS. Exercise testing and exercise prescription for special cases: 
theoretical basis and clinical application. 3rd ed. Philadelphia: Lippincott 
Williams & Wilkins; 2005. p. 3–4.

 27. Wanger J. Pulmonary function testing: a practical approach. 3rd ed. 
Sudbury: Jones and Bartlett Publishers Learning; 2012.

 28. Mueller G, Hopman MT, Perret C. Comparison of respiratory muscle train‑
ing methods in individuals with motor complete tetraplegia. Top Spinal 
Cord Inj Rehabil. 2012;18:118–21. https:// doi. org/ 10. 1310/ sci18 02‑ 118.

 29. McMichan JC, Michel L, Westbrook PR. Pulmonary dysfunction following 
traumatic quadriplegia. Recognition, prevention, and treatment. JAMA. 
1980;243:528–31. https:// doi. org/ 10. 1001/ jama. 1980. 03300 32002 0014.

 30. Oo T, Watt JW, Soni BM, Sett PK. Delayed diaphragm recovery in 12 
patients after high cervical spinal cord injury. A retrospective review of 
the diaphragm status of 107 patients ventilated after acute spinal cord 
injury. Spinal Cord. 1999;37:117–22. https:// doi. org/ 10. 1038/ sj. sc. 31007 75.

 31. Frisbie JH, Brown R. Waist and neck enlargement after quadriplegia. J Am 
Paraplegia Soc. 1994;17:177–8. https:// doi. org/ 10. 1080/ 01952 307. 1994. 
11735 933.

 32. Schilero GJ, Spungen AM, Bauman WA, Radulovic M, Lesser M. Pulmonary 
function and spinal cord injury. Respir Physiol Neurobiol. 2009;166:129–
41. https:// doi. org/ 10. 1016/j. resp. 2009. 04. 002.

 33. Mueller G, Hopman MT, Perret C. Comparison of respiratory muscle train‑
ing methods in individuals with motor and sensory complete tetraplegia: 
a randomized controlled trial. J Rehabil Med. 2013;45:248–53. https:// doi. 
org/ 10. 2340/ 16501 977‑ 1097.

 34. Shin JC, Han EY, Cho KH, Im SH. Improvement in pulmonary function 
with short‑term rehabilitation treatment in spinal cord injury patients 
[Sci. rep.:17091]. Sci Rep. 2019;9:17091. https:// doi. org/ 10. 1038/ 
s41598‑ 019‑ 52526‑6.

 35. Berlowitz DJ, Wadsworth B, Ross J. Respiratory problems and manage‑
ment in people with spinal cord injury. Breathe (Sheff ). 2016;12:328–40. 
https:// doi. org/ 10. 1183/ 20734 735. 012616.

 36. Chang WN, Min WK, Lee HK. The effects of assisted respiratory training 
using functional electrical stimulation on respiratory function in patients 
with tetraplegia, 20. Korean Soc Neurother. 2016;25:39–46.

 37. Leith DE, Brain JD, Proctor D, Reid L. Lung biol health dis. New York: Mar‑
cel Dekker; 1977. p. 545–92.

 38. Scanlan C, Wilkins R, Stoller J. Egan’s fundamentals of respiratory care. 7th 
ed. St. Louis: Mosby; 1999.

 39. Mansel JK, Norman JR. Respiratory complications and management of 
spinal cord injuries. Chest. 1990;97:1446–52. https:// doi. org/ 10. 1378/ 
chest. 97.6. 1446.

 40. Siebens AA, Kirby NA, Poulos DA. Cough following transection of spinal 
cord at C‑6. Arch Phys Med Rehabil. 1964;45:1–8.

Publisher’s Note
Springer Nature remains neutral with regard to jurisdictional claims in pub‑
lished maps and institutional affiliations.

https://doi.org/10.1016/j.rmed.2006.02.029
https://doi.org/10.1891/9780826137753
https://doi.org/10.1080/10790268.2016.1198576
https://doi.org/10.1155/2020/7530498
https://doi.org/10.1155/2020/7530498
https://doi.org/10.3233/THC-212860
https://doi.org/10.3233/THC-212860
https://doi.org/10.1080/21679169.2016.1247909
https://doi.org/10.1136/thoraxjnl-2019-213917
https://doi.org/10.1136/thoraxjnl-2019-213917
https://doi.org/10.1310/sci1802-118
https://doi.org/10.1001/jama.1980.03300320020014
https://doi.org/10.1038/sj.sc.3100775
https://doi.org/10.1080/01952307.1994.11735933
https://doi.org/10.1080/01952307.1994.11735933
https://doi.org/10.1016/j.resp.2009.04.002
https://doi.org/10.2340/16501977-1097
https://doi.org/10.2340/16501977-1097
https://doi.org/10.1038/s41598-019-52526-6
https://doi.org/10.1038/s41598-019-52526-6
https://doi.org/10.1183/20734735.012616
https://doi.org/10.1378/chest.97.6.1446
https://doi.org/10.1378/chest.97.6.1446

	A preliminary study on the feasibility of community game-based respiratory muscle training for individuals with high cervical spinal cord injury levels: a novel approach
	Abstract 
	Background: 
	Methods: 
	Results: 
	Conclusions: 
	Trial registration: 

	Background
	Methods
	Participants
	Interventions
	Rehabilitation sport class
	Game-based respiratory muscle training

	Measures
	Data analysis

	Results
	Demographics
	Outcome measures
	Safety, feasibility, adverse events

	Discussion
	Limitations
	Conclusions
	Acknowledgements
	References


