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Ventilatory muscle training in tetraplegic 
patients after traumatic medal injury: 
integration review

Treinamento muscular ventilatório em pacientes 
tetraplégicos pós lesão medular traumática: 
revisão integrativa

Literature Review

ABSTRACT | INTRODUCTION: Spinal trauma is a disabling clinical 
condition that can trigger quadriplegia, described as partial or 
complete paralysis of the trunk, respiratory muscles and limbs, 
favoring the onset of complications, mainly of a respiratory 
nature. Therefore, the Physiotherapist can use ventilatory muscle 
training (TMV) in order to increase the strength and fatigue 
resistance of the ventilatory muscles, in addition to preventing 
respiratory complications. OBJECTIVE: To describe which devices, 
protocols and techniques are most used for ventilatory muscle 
training and the associated effects in quadriplegic individuals 
after spinal cord trauma. METHODOLOGY: A bibliographic 
survey was carried out between November 2019 and February 
2020, in the Medline, LILACS and SciELO databases using the 
keywords: Breathing Exercises, Spinal Cord Injuries, Quadriplegia 
and synonyms using the Boolean operators “AND” and “ OR ”. 
RESULTS: After consulting the databases, 3334 articles were 
found, 36 were selected for reading the summary, with 23 being 
excluded for not meeting the selection criteria, leaving 12 articles 
for the full reading, resulting in the final selection of 12 articles. 
CONCLUSION: It is evidenced that protocols for TMV through 
linear resistors are the most used quadriplegics. In addition, 
execution of protocols with linear resistors to inspiration, using 
intensity around 30-60% of MIP, had significant effects on MIP. 
However, it was noticed that there are many disagreements 
regarding the training variables, mainly intensity and number 
of series proposed. However, it is clear that the use of TMV in 
quadriplegics presents certain divergences, mainly related to the 
choice of appropriate techniques and / or devices.

KEYWORDS: Breathing exercises. Spinal cord injuries. Quadriplegia.

RESUMO | INTRODUÇÃO: O Trauma Raquimedular é uma con-
dição clínica incapacitante que pode desencadear a tetraplegia, 
descrita como paralisia parcial ou completa do tronco, músculos 
respiratórios e membros, favorecendo o surgimento de com-
plicações, principalmente de caráter respiratório. Diante disso, 
o Fisioterapeuta pode utilizar treinamento muscular ventilató-
rio(TMV) objetivando aumentar a força e resistência à fadiga dos 
músculos ventilatórios, além de prevenir complicações respira-
tórias. OBJETIVO: Descrever quais os dispositivos, protocolos e 
técnicas mais utilizadas para treinamento muscular ventilatório 
e os efeitos associados em indivíduos tetraplégicos pós trau-
ma raquimedular. METODOLOGIA: Foi realizado levantamento 
bibliográfico entre novembro de 2019 e fevereiro de 2020, nas 
bases de dados Medline, LILACS e SciELO utilizando as palavras- 
chave: Breathing Exercises, Spinal Cord Injuries, Quadriplegia e os 
sinônimos utilizando os operadores booleanos  “AND” e “OR”. 
RESULTADOS: Após consulta nas bases de dados, foram encontra-
dos 3334 artigos, 36 foram selecionados para leitura de resumo, 
sucedendo que 23 foram excluídos por não atender aos critérios 
de seleção, restando 12 artigos para a leitura integral, resultando 
na seleção final de 12 artigos. CONCLUSÃO: Fica evidenciado que 
protocolos para TMV através de resistores lineares são os mais uti-
lizados tetraplégicos. Além disso, execução de protocolos com re-
sistores lineares a inspiração, empregando intensidade em torno 
de 30-60% da PImax, apresentou efeitos significativos em PImax. 
No entanto, percebeu-se que há muitas discordâncias quanto as 
variáveis de treinamento, principalmente intensidade e número 
de séries propostos. Contudo, é notório que a utilização do TMV 
em tetraplégicos apresenta certas divergências, principalmente 
relacionado a escolha das técnicas e/ou dispositivos adequados.

PALAVRAS-CHAVE: Exercícios respiratórios. Traumatismos da 
medula espinal. Quadriplegia.
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Introduction

The Spinal Cord Injury (SCI) is considered by the 
World Health Organization (WHO)  as a serious 
public health problem that occurs due to a traumatic 
event causing spinal cord injury1,2. The worldwide 
incidence of SCI is 10.5 cases per 100,000 people, 
resulting in an estimated 768,473 new cases of 
spinal cord injury annually worldwide3,4. The clinical 
manifestations depend on the extent and location 
of the injury. This clinical condition is disabling and 
generates autonomic dysfunctions, partial or total 
loss of voluntary motor skills and / or sensitivity 
(tactile, painful, profound), in addition to causing 
dysfunction of the respiratory muscles3.

Immediately after a traumatic spinal cord injury, 
there is a period of spinal shock, resulting in flaccid 
paralysis of the muscles below the level of the injury. 
This paralysis generates imbalance and mechanical 
disadvantage resulting in less efficient ventilation, 
increased respiratory work and a tendency to 
collapse the distal airways and microatelectasis, 
causing respiratory dysfunctions. These respiratory 
repercussions are the most common cause of 
mortality after spinal cord injury5,6 and are responsible 
for about 80% of deaths in hospitalized patients with 
cervical injuries, with pneumonia being responsible 
for 50% of them7.

In the multiprofessional scope of respiratory 
assistance, the physiotherapist can employ a set 
of procedures and techniques that enable better 
respiratory rehabilitation. Among them, ventilatory 
muscle training (VMT) stands out, which aims to 
improve or redistribute ventilation, increase strength, 
fatigue resistance and coordination of respiratory 
muscles, improve coughing capacity and improve the 
patient's functional capacity for activities of daily life. 

The indication of respiratory muscle strengthening is 
assessed by identifying weakness of these muscles8,9.

The objective of this integrative review was to 
describe which devices, protocols and techniques 
are most used for ventilatory muscle training and the 
associated effects in quadriplegic individuals after 
spinal cord trauma.

Methodology

This study is an Integrative Review, which is a review 
method elaborated based on a broader process, 
as it covers theoretical and empirical literature 
so that it includes studies with different types of 
methodological approaches that can be quantitative 
and / or qualitative10,11. To design this article, the 
electronic databases Scientific Electronic Library 
(SciELO), Latin American Literature in Health Sciences 
(LILACS), and PubMed / MEDLINE were consulted. The 
search was carried out between November 2019 and 
February 2020.

The keywords Breathing Exercises, Spinal Cord 
Injuries, Quadriplegia and synonyms were used 
according to the databases, identified in the Health 
Sciences Descriptors (HSD) and Medical Subject 
Headings (MeSH), using the Boolean operators 
“AND ”and“ OR ”as shown in Chart 1. The selection 
of articles should conform to the following inclusion 
criteria: year of publication between 2008 and 
2020; to address ventilatory muscle training only 
in quadriplegic patients after spinal cord injury, 
regardless of the level affected. In relation to the 
exclusion criteria: articles that have escaped the 
theme or that addressed ventilatory muscle training 
in other groups of patients.

Chart 1. Keywords used in the electronic search plus the Boolean operators “AND” and “OR” and their combination
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In the evidence selection process, the analysis of the titles and abstracts found in the initial search according to 
the established eligibility criteria. If the title and abstract were not cleaners, the article would be consulted in its 
entirety. After critically analyzing and evaluating all studies included in the review, the articles were presented in a 
table highlighting the items: authors, year of publication, study design, number of participants, comparison groups, 
brief description of the intervention protocol (duration, intensity, frequency and interval between sessions) and 
summaries of the results found.

Results

The search in the databases resulted in 3,334 articles (Medline: 3,304; Lilacs: 25; Scielo: 5), resulting in 3,311 
records after removing duplicates. Of these, 3,275 articles were excluded by the title because they did not meet 
the inclusion criteria; 36 were selected for reading the abstract, with 23 being excluded for not meeting the 
selection criteria, leaving 12 articles for full reading. Of these, it was found that the 12 fulfilled all inclusion criteria, 
resulting in the final selection of 12 articles, as shown in Figure 1. The studies included contemplated different 
clinical contexts and covered several types of methodological approaches, from report / case series to randomized 
clinical trials, as shown in Chart 2.

Figure 1. Research flow diagram

The selected publications presented in their content, the description of the devices used. Among the intervention 
possibilities found, there were training protocols with linear and nonlinear load resistors, normocapnic hyperpnea, 
as well as techniques and associated devices. It was noticed that a total of eight articles (66.6%) carried out the 
intervention protocols, using linear load resistors. 

A number of three studies (25%) carried out the intervention protocols, through the association between Threshold 
IMT® (resistance to inspiration) and Threshold PEP® (resistance to expiration), described in Chart 2. In the studies 
by Legg Ditterline et al.12 and Aslan et al.13, the devices were assembled using a three-way valve system with 

http://dx.doi.org/10.17267/2238-2704rpf.v10i2.2809


337

J. Physiother. Res., Salvador, 2020 May;10(2):334-345
Doi: 10.17267/2238-2704rpf.v10i2.2809 | ISSN: 2238-2704 

nozzle, following their respective protocols, while 
the article by Boswell-Ruys et al.14 did not provide 
descriptive reports of the devices used, detailing only 
the applied protocol. In view of this information, it was 
found that the application of protocols associating 
Threshold IMT® and Threshold PEP®, provided 
increases related to inspiratory (MIP) and expiratory 
(MEP) muscle strength, as well as vital capacity (VC), 
forced vital capacity (FVC), forced expiratory volume 
in the first second (FEV1), the peak expiratory flow 
(PEF) and, in addition to gains related to improved 
sleep, reduced orthostatic hypotension and apnea-
hypopnea index.

Still with regard to the use of devices with linear load 
resistors, it was observed that three articles15,16,17 
performed their protocols using only Threshold 
IMT® (25%) in their researches (Chart 2). Through 
these publications, an increase in inspiratory muscle 
strength was noted in both articles and an increase 
in expiratory muscle strength only in the study by 
Silveira et al.15, with no positive effects on endurance.

With regard to the use of PowerBreathe® for VMT, 
only one study performed a protocol using this 
device, as described in Chart 2. The authors point out 
that this relatively recent handheld electronic device 
provides a variable flow resistive load through an 
electronically controlled valve. Through this protocol, 
McDonald and Stiller18 highlight that a program of 
high resistance and low repetition of VMT is viable 
and safe, without causing complications registered 
before, during or after execution in adults with 
complete cervical or thoracic spinal cord injury with 
respiratory function stable, in the acute phase. 

The study by Russian et al.19 carried out concomitant 
respiratory resistance training using equipment that 
proposes simultaneous inspiratory and expiratory 
resistance, commercially described as PowerLung 
Performer®. This, like that of Boswell et al.15, was one 
of the few articles that assessed the effects of VMT on 
lung function, but specifically on sleep disorders. The 
post-training results indicated improvements in sleep 
quality, as well as a reduction in daytime sleepiness, 
as well as an increase in MIP and MEP(Chart 2).

Still in this context, Roth et al.20 conducted their 
research by applying training using a nonlinear 
load resistor, specifically the Boehringer meter. The 
authors evaluated the effects of expiratory muscle 
training using the Boehringer Meter, a device with 

a small portable plastic tube where individuals 
breathe out against a manometer. Resistance is 
given by the fact that it is a closed system, creating 
resistance to high pressure during exhalation. The 
results presented show that there was a statistically 
significant increase in the MEP variable (p <0.02), only 
in the resistance training group, shown in Chart 2. 

Only Van Houtte et al.21 used the Normocapnic 
Hyperpnea technique for VMT. This technique 
consists of a breathing bag connected to a tube and 
mouthpiece system, with a small hole in the tube 
where it allows additional inspiratory and expiratory 
flow. The volume of the bag is about 30 to 40% of the 
subject's forced vital capacity (FVC). It was observed 
that Maximum Voluntary Ventilation (MVV), respiratory 
muscle strength and endurance significantly improved 
and respiratory complications were reported less 
frequently in the experimental group compared to the 
control group, as shown in Chart 2.

Among the studies included, two carried out the 
proposed training, associating different techniques 
or devices (Chart 2). Mueller et al.22 compared 
the effects of a protocol using three different 
techniques: Inspiratory muscle training by means 
of a linear resistor with visual feedback of the 
achieved resistance, commercially called Respifit 
S®; Normocapnic hyperpnea through a device by 
the trade name Spirotiger®, which allows intensive 
hyperventilation through a new partial breath of 
ventilated air, supported by visual feedback; In 
addition to the group that performed incentive 
spirometry with a device known as Voldyne 5000®.

In their research, Kim et al.23 performed their protocols 
through the association of incentive spirometry and 
abdominal traction maneuver. Regarding incentive 
spirometry, they claim to be one of the current 
techniques used to train respiratory muscles. As 
for the abdominal traction maneuver, they describe 
that this technique is designed to activate the 
transverse muscle of the abdomen (muscle involved 
in forced expiration), being commonly used in lumbar 
stabilization training programs. To perform the 
maneuver, a pressure biofeedback unit was used, 
with the trade name Stabilizer®, inflated to 50 mmHg, 
placed between the treatment table and the lower 
abdomen of the individuals in the prone position, 
subsequently requested to maintain a pressure 
below 6 -10 mmHg, based on visual feedback from an 
analog pressure gauge.

http://dx.doi.org/10.17267/2238-2704rpf.v10i2.2809
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Discussion

This Integrative Review identified that there are 
several protocols for VMT in quadriplegics after spinal 
cord injury, using different methods in isolation or in 
association. Considering the evidence from studies 
carried out, the literature reports that, in general, 
the intensity recommended for VMT in other specific 
groups must be the highest supported by the patient 
and that it is between 50 to 70% of MIP. Regarding the 
training frequency, it is proposed to be performed 
twice a day for seven days a week, linked to a set of 
five sets and six repetitions, totaling 30 inspirations 
per session, with an interval of 60 seconds between 
each set8,9,24.

Among the articles eligible for this review, which 
describe VMT protocols with a focus on inspiratory 
muscles using linear load resistors, only the study by 
McDonald and Stiller18 used the intensity referring 
to 50% of the MIP and with progression of this load 
up to 90% of MIP. However, there is disagreement 
regarding the frequency, number of repetitions 
and duration of the interval, being smaller than 
proposed8,24. Mueller et al.22 used a protocol that made 
an initial use of 80% of MIP, but it also pointed out 
differences in the other variables, mainly in reducing 
training time. All other authors applied the protocols 
with an intensity between 20 and 30% of MIP. Only 
the work by Boswell-Ruys et al.14 was performed with 
the proposed frequency of 2 times a day, but only for 
5 days a week.

Regarding the parameters of number of sets 
/ repetitions and interval between sets, it was 
observed that the vast majority did not report and 
/ or made clear about these aspects. In addition, 
no description of evidence-based protocols was 
found in the literature, in order to compare it with 
what was proposed by the authors for training 
expiratory muscles with linear load (Threshold 
PEP®) or not (Boehringer's Meter), as well as for 
incentive spirometry and associated maneuvers. As 
for Normocapnic Hyperpnea, the protocols found in 
the literature suggest application at least three times 
a week, with an average duration of three months25. 
Van Houtte et al.21 performed protocols similar to the 
one recommended, diverging only in the duration 
less than three months. However, this technique 
seems to be limiting when its objective is VMT26.

Although other scientific evidence points to the 
intensity of VMT between 50-70%, Boswell-Ruys et 
al.15, Silveira et al.16 and Colman et al.17, carried out 
protocols that differ from the proposed8,9,24, using an 
initial intensity around 30% of the MIP and showed 
that the VMT through a linear load resistor is effective 
for increasing respiratory muscle strength, obtaining 
significant gains mainly in MIP. Colman et al.16, point 
out that one of the members of the study achieved 
one of the lowest responses, due to a lower number 
of attendance than the others, suggesting a possible 
influence on the responses regarding the intervention 
period, which can even be compared to the study 
of Silveira et al.15, where they obtained significant 
responses with longer training time. Another 
important aspect to be highlighted in this study is 
related to the early intervention in which two research 
participants evolved considerably, as was seen in the 
articles by McDonald and Stiller18 and Mueller et al.22 
and in which there was a positive influence in the 
studied groups, supporting the understanding that 
the shorter the injury time, the greater the capacity 
to increasing MIP27.

Mueller et al.22 applied a protocol with an intensity 
of 80% of MIP, pointing out significant effects on 
this variable and claiming that there is a strong 
relationship between MIP and coughing capacity. 
Park et al.28 show that if the pre-cough volume is 
insufficient due to inspiratory muscle weakness, the 
capacity for coughing decreases. In addition, greater 
inspiratory muscle strength increases diaphragmatic 
tension during inspiration and, consequently, 
provides greater elastic recoil during expiration and, 
therefore, increases the peak expiratory flow (PEF), 
directly proportional to the coughing capacity29. 
However, Postma et al.17, who used 60% intensity of 
MIP with a longer training time, show that IMT did not 
promote significant changes in the short, medium 
and long term, in PEF and peak cough flow (PCF), even 
showing an increase in MIP, which can be justified by 
the variability of injury levels as well as the time of 
spinal cord injury.

Roth and collaborators20 were the only ones who 
exclusively evaluated the effectiveness of expiratory 
muscle training, but there were no reports of 
proposed protocols for this purpose in the literature. 
However, employing a subjective intensity (breathing 
faster and stronger), it was noted that only the results 
corresponding to MEP were significantly higher in 
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the experimental group, however, it is not surprising 
that significant gains were obtained only at MEP, 
once the training was directed to the expiratory 
musculature. This finding brings a reflection on 
the specificity of the training, one of the bases of 
the VMT8. With these results it is suggested that a 
specific protocol for training expiratory muscles may 
have the effect of increasing the strength of and the 
effectiveness of the cough, promoting decreased 
retention of secretions in the airways and, thus, 
reducing the occurrence of pneumonia and other 
causes of respiratory morbidity30.

Another principle of VMT is the reversibility of muscle 
atrophy, which supports the idea that when training 
is interrupted (detraining), the body is readjusted 
according to decreased physiological demand, and 
beneficial adaptations can be lost8. Postma et al.17, 
followed the participants after the end of the training, 
in order to record the permanence or not of the gains. 
In this context, they point to a significant positive 
effect on MIP only in the short term. Perhaps for long-
term purposes, it is necessary to maintain training, 
as described by Weiner et al.31 in people with Chronic 
Obstructive Pulmonary Disease (COPD).

Still addressing about the aspects related to lung 
function, it was noted that the clinical trial by Kim 
et al.23 was the only one to use a ventilatory muscle 
training protocol associating incentive spirometry to 
the abdominal traction drawing maneuver in patients 
with spinal cord injury . However, no study has yet 
been carried out to assess the effects of an integrated 
protocol with both techniques on quadriplegics, 
despite this, the study points to an improvement 
in lung function by increasing the pressure of the 
abdominal muscles. Even though it is not considered 
a measure of lung function, the authors believe that 
the abdominal muscles contribute not only to the 
stabilization of the spine and posture, but also with 
regard to pulmonary mechanics, however, MIP e MEP 
were not evaluated before and after intervention, 
these parameters being important to affirm and 
quantify gains in muscle performance32.

The article by Van Houtte et al.21 was the only one 
that reported VMT using the normocapnic hyperpnea 
technique in isolation. The literature recommends 
that training using this technique is not the first 
intervention option for VMT, as it is believed that 

this type of training would increase the risk of 
muscle fatigue26. However, no reports of fatigue 
were observed during or after implementation of the 
protocol. In addition, it was observed that there was 
no significant increase in MEP, which differs from that 
found by Roth et al.21 through a specific protocol for 
expiratory muscles.

Regarding the effects of TMV on sleep-related 
parameters, Russian et al.19 point to positive changes 
after the protocol was performed. However, the 
participant did not have some predictors of sleep-
disordered breathing, such as overweight, thick 
neck and sleeping position in the supine position, 
therefore, a low respiratory disturbance index is 
expected33,34. It was also noted that the individual 
performed breathing exercises not specified in the 
study, however, even when associated with VMT, 
MIP did not point out significant changes, perhaps 
justified by the use of a device without reports found 
in the literature for use in this audience.

Boswell-Ruys et al.14, explored variables similar to 
those of Russian et al.19 in items related to sleep 
disorders, specifically Obstructive Sleep Apnea (OSA), 
but it is known that the problems inherent to sleep are 
very common in the evaluated population, although 
some of these problems are probably related to the 
high incidence of central sleep apnea, which is much 
more prevalent in this audience compared to OSA35. 
The authors believe that positive effects of VMT on 
sleep-related items may be related to the fact that 
this intervention favors the training of the upper 
airway dilator muscles, however, these muscles are 
not directly affected in spinal cord injured people36. 
Nevertheless, it can be deduced that these TMV 
protocols14,19 are a possible alternative to treat OSA 
and other sleep disorders, based on the low rate of 
adherence to the use of CPAP (continuous positive 
airway pressure) in these individuals, since this is the 
most used tool for this clinical profile35.

Regarding the impact of the VMT protocols on 
hemodynamic issues, Aslan et al.13 and Legg Ditterline 
et al.12, had similar objectives and presented the 
effects of VMT on the regulation of blood pressure 
(BP) as well as on orthostatic hypotension (OH) and 
baroreflex sensitivity. The effects pointed out by 
the authors are linked to the hypothesis that BP 
fluctuations during the VMT session can improve 
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and / or increase the elasticity of baroreceptors13. 
However, this hypothesis differs from the proposal 
by Frisbie, where he states that postural transfers 
(bench press for sitting) generate fluctuations in 
BP and greater respiratory effort, thus increasing 
the venous return to the chest, also favoring the 
increase in cardiac output, a variable that is of great 
value for the stimulation of baroreceptors and, thus, 
responding to fluctuations in blood pressure in a 
more physiological way37.

The heterogeneity of the study designs, as well as 
the applied protocols, is consistent with the findings 
of Sheel et al.38 and Tamplin and Berlowitz39, which 
may be explained by the great challenge of providing 
health care to this population, as that the most 
varied individuals can be affected by this condition, in 
addition to the divergence of injury levels, resulting in 
the impossibility of generalization the results.

Final considerations

Given this analysis, it is evident that protocols for 
VMT, through linear resistors, are the most used 
in individuals with quadriplegia, since they are also 
the most addressed in other audiences. In addition, 
it is concluded that the execution of protocols 
with linear resistors to inspiration, employing 
intensity around 30-60% of MIP, showed significant 
effects on MIP.  However, it was noticed that there 
are many disagreements regarding the training 
variables, mainly intensity and number of series 
proposed. However, it is notorious that the use of 
VMT in quadriplegics presents certain divergences, 
especially with regard to the choice of appropriate 
techniques and / or devices, since some studies 
have discussed VMT using methods that have never 
been used in this population. 
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