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Inspiratory muscle training is feasible and safe
for patients with acute spinal cord injury
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Objective: To investigate the feasibility and safety and, to a lesser extent efficacy, of inspiratory muscle training
(IMT) for patients with acute complete cervical or thoracic spinal cord injury (SCI).
Design: Prospective, observational pilot study comprising a series of case reports.
Setting: Tertiary care, public hospital.
Participants: Seven adult subjects with an acute complete cervical or thoracic SCI.
Interventions: Participants received IMT as soon as their respiratory condition was stable. A high-resistance, low-
repetition program of IMT using a POWERbreathe KH1 device was instituted. Training comprised 3–6 sets of 6
breaths, commenced at 50% maximum inspiratory pressure with the training load progressively increased.
Outcome measures: Feasibility (number of sessions when the criteria to participate in IMT were met/not met),
safety (symptoms and physiological stability) before, during and after IMT sessions and efficacy (lung
function) were measured.
Results: There were 50 sessions in total where participants met the criteria to receive IMT, with a mean (range) of
7.1 (3–11) IMT sessions per participant delivered over 10.7 (4–17) days. IMT was feasible, with all 50 planned
sessions of IMT able to be delivered, and safe, with stable physiological parameters and no adverse symptoms
or events recorded before, during or after IMT. Maximal inspiratory pressure increased for four participants and
forced vital capacity increased for three participants over the duration of their IMT sessions.
Conclusion: A high-resistance, low-repetition program of IMT was feasible and safe in adults with an acute
complete cervical or thoracic SCI whose respiratory status was stable.
Trial registration: Australian New Zealand Clinical Trials Registry (ACTRN 12614000975695).
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Introduction
The annual incidence of traumatic spinal cord injury
(SCI) is approximately 15 per million in Australia, 16
per million in western Europe and 39 per million in
North America.1,2 Of the injuries recorded in
Australia, 53% involved cervical segments and 32%
thoracic segments, with incidences of 15% and 19%
for complete tetraplegia and thoracic paraplegia respect-
ively.3 Respiratory complications are a leading cause of
morbidity and mortality in the SCI population as a
result of denervation of the inspiratory and expiratory
respiratory muscles.4–11 The risk of respiratory compli-
cations is further increased by the autonomic dysfunc-
tion associated with the initial period of spinal shock
post-SCI, resulting in mucus hypersecretion,

bronchoconstriction, bradycardia and hypotension.7,8

This predisposes patients with SCI to atelectasis,
sputum retention, respiratory infection and ultimately
respiratory failure.6,8,10–14

Inspiratory muscle training (IMT) uses progressive
resistance to load the inspiratory muscles to improve
the inspiratory muscle strength and endurance of
patients with a variety of chronic lung con-
ditions.5,12,15,16 In the setting of SCI, IMT is believed
to improve the strength and endurance of the accessory
respiratory muscles.5 Berlowitz and Tamplin, in a
Cochrane review of 11 studies, concluded that respirat-
ory muscle training was safe (i.e. no adverse events)
and effective at increasing respiratory muscle strength
and perhaps lung volumes in people with a cervical
SCI.5 With respect to IMT specifically (rather than res-
piratory muscle training), a systematic review by Sheel
et al. concluded there was level 1a evidence from two
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randomised controlled trials that IMT significantly
increased inspiratory muscle strength and level 5 evi-
dence from one case report that IMT improved inspira-
tory muscle strength and decreased the number of
respiratory infections.17 Similar conclusions were
drawn in other systematic reviews.8,12,14 One of the ran-
domised controlled trials referred to by Sheel et al.17 was
by Van Houtte et al.9 and investigated the effectiveness
of normocapnic hyperpnoea training for 14 patients
with complete SCI who were at least two months post-
SCI. Training resulted in significantly greater improve-
ment in respiratory muscle strength and endurance
and fewer respiratory complications compared to a
control group, however the authors noted that this
method of IMT was time-consuming, physically
demanding and at times associated with muscle
spasm/increased spasticity. The majority of studies
included in these reviews included patients at least two
months post-SCI, with this lag period included to
control for the effect of natural recovery on outcomes.
The only study identified where IMT was commenced
in the acute phase post-SCI was by Derrickson et al.,
where the mean time post-injury was 12 days for an
IMT group and 25 days for an abdominal weights
group (range 2–74 days).18 Flaws in this study included
the use of a very basic IMT resistor and non-standar-
dised training (e.g. inspiratory flow rates uncontrolled,
resistor selection not based on measurement of inspira-
tory muscle strength). Nevertheless, no adverse effects
associated with IMT were reported. Thus, while there
is evidence to support the use of IMT in the setting of
cervical or thoracic SCI, there are a paucity of data
regarding its use in the acute phase.
Given that research has shown that IMT is feasible,

safe and effective when used in the setting of an
Intensive Care Unit (ICU) for helping ventilator-depen-
dent patients wean from mechanical ventilation, we
believed it should be possible to commence IMT in
the acute phase post-SCI.15,19–24 We therefore under-
took a pilot study with the aim of documenting the
feasibility and safety and, to a lesser extent efficacy, of
IMT in a series of patients in the acute phase post-cervi-
cal or thoracic SCI.

Methods
Design
A prospective, observational pilot study comprising a
series of case reports was undertaken. This design was
chosen over a randomised controlled study as a slow
recruitment rate was anticipated and because the main
aims were feasibility and safety rather than efficacy.
The study was approved by the Royal Adelaide

Hospital Research Ethics Committee and registered
with the Australian New Zealand Clinical Trials
Registry (ACTRN 12614000975695). As the IMT
device was not on the Australian Register of
Therapeutic Goods, approval was obtained through
the Clinical Trials Notification scheme of the
Therapeutic Goods Administration (Trial No. 2014/
0587).

Setting and participants
The study was conducted at the Royal Adelaide
Hospital, a 650-bed, tertiary care, urban, public hospital
in Australia over a two-year period (December 2014 to
December 2016). Local databases revealed that approxi-
mately 15 patients per year are admitted to the Royal
Adelaide Hospital with a SCI between C4-T11.
Eligibility criteria were conservative given that IMT

was being commenced at an earlier phase post-SCI
than previously reported and were based on those
described by Van Houtte et al.9 Inclusion criteria were
adults (≥ 18 years) admitted to the Spinal Injuries
Unit (SIU) or ICU of the Royal Adelaide Hospital
with an acute complete (i.e. International Standards
for Neurological Classification of Spinal Cord Injury
[ISNCSCI] assessment classification A) cervical or
thoracic SCI (i.e. lesion level between C4 and T11), a
forced vital capacity (FVC) less than predicted normal
value and in a stable respiratory condition (defined,
for the purposes of this study, as spontaneously breath-
ing [room air or supplemental oxygen via nasal specu-
lae] for at least 2 days). Exclusion criteria were an
unwillingness to participate, inability to communicate
effectively in English (e.g. insufficient understanding of
English, cognitive impairment, psychiatric condition),
symptomatic infection (characterised by fever [tympanic
temperature ≥ 38° Celsius] and raised white cell count
[ > 10 800 cells/mm3]), sub-acute phase (i.e. spon-
taneously breathing on room air or with nasal speculae
for more than 7 days), pregnancy or other injuries/
conditions that would make IMT impossible (e.g.
facial injuries).
The principal investigator (TMcD) screened all new

patients admitted with a SCI and approached poten-
tially eligible patients, providing them with verbal and
written information about the study. Informed consent
(written or verbal for those unable to write and wit-
nessed by family or a staff member) was obtained
from those willing to participate. All participants
received usual medical, nursing and allied health care
with no aspect of this changing apart from the provision
of IMT.

McDonald and Stiller Inspiratory muscle training is feasible and safe for patients with acute spinal cord injury

The Journal of Spinal Cord Medicine 2019 VOL. 42 NO. 2 221



IMT protocol
The POWERbreathe KH1 device (Fig. 1) was used for
IMT based on the advice of a colleague experienced in
IMT (Prof Rik Gosselink, Faculty of Kinesiology and
Rehabilitation Sciences, University of Leuven,
Belgium), who believed it to be superior to traditional
threshold-loading IMT devices. In contrast to some
IMT devices where the inspiratory load can vary with
inspiratory flow rate, this relatively recent hand-held
electronic device provides a variable flow resistive load
via an electronically controlled valve, with loading
maintained at the same relative intensity throughout
the breath.25 This enables practitioners to quantify the
inspiratory load during IMT,26 whilst potentially being
less time-consuming and physically demanding than
the normocapnic hyperpnoea training described by
Van Houtte et al.9

The IMT protocol was high-resistance, low-repetition
and based on that described by Bissett et al.20 for use in
an ICU setting. All IMT sessions, supervised by the
primary investigator (TMcD), were carried out with
the participant sitting out of bed or supine in bed with
the backrest elevated to 30° (or as high as possible if
not medically cleared to sit to 30°), using a rigid
plastic flanged mouthpiece and wearing a nose-clip if
nasal speculae were not in situ. Positioning was consist-
ent for each participant across all IMT sessions. After a
1–3 day familiarisation period where the device was used
with little or no load, IMTwas commenced with a train-
ing load of 50% of maximum inspiratory pressure
(PImax), using the manual set-up option, with the aim
of producing a rate of perceived exertion (RPE) of 6–8
(modified Borg scale). Verbal instruction and encour-
agement were provided during IMT. Each session com-
prised 3–6 sets of 6 breaths, depending on RPE and
response to IMT, with rests allowed between sets as
desired and a total session time less than 10 minutes.

Once the participant’s RPE during IMT was < 6 and/
or they were able to complete the entire IMT session,
training pressure was increased by 10% per week to a
maximum of 90% PImax. Training frequency was
once per day for 4–5 days/week, with 2–3 rest days/
week included to reduce boredom, fatigue and/or
muscle injury and to coincide with our routine
weekday physiotherapy service. Signs and symptoms
of respiratory muscle fatigue (see Outcome measures)
were monitored and if detected a rest period of up to 3
days was instituted until these subsided, at which time
IMT training was recommenced at 50% PImax and pro-
gressed as tolerated. IMT sessions continued for the dur-
ation of each participant’s stay at the RAH to an
arbitrary maximum of four weeks.

Outcome measures
Demographic and descriptive data including sex, age,
level of SCI and ISNCSCI impairment classification
were recorded.
Feasibility outcomes comprised the number of ses-

sions when the criteria to participate in IMT were met
or not met (and reasons why).
Safety outcomes included the response to the previous

IMT session detected by reviewing the participant’s
medical records/charts to ascertain the occurrence of
any new respiratory complications (e.g. respiratory
infection, lobar atelectasis, sputum retention) or escala-
tion of respiratory support (e.g. higher level of sup-
plemental oxygen, invasive or non-invasive mechanical
ventilation). We also questioned participants regarding
their subjective response to the previous session includ-
ing symptoms that could potentially have resulted from
inspiratory muscle fatigue (e.g. long-lasting complaints
of general fatigue), hypercapnoea (e.g. headache, con-
fusion) or muscle injury (e.g. delayed-onset muscle sore-
ness [for participants with sufficient sensation]). Other
safety outcomes included the measurement of physio-
logical parameters before, during and after each IMT
session until measurements had returned to near-base-
line levels. These comprised respiratory rate (visual
count over 30 seconds), heart rate, percutaneous
oxygen saturation and blood pressure (Welch Allyn
Spot Vital Signs device), RPE and symptoms of respir-
atory distress/depression. The occurrence of spasticity
(visual observation) and any other adverse symptoms
or signs were also documented. Additionally, on the
first occasion of IMT, electrocardiograph monitoring
(automatic external defibrillator device [AED],
Medtronic) was undertaken before, during and after
IMT to detect cardiac arrhythmias.Figure 1 POWERbreathe KH1 device.
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To assess the efficacy of IMT, PImax
(POWERbreathe KH1 device), FVC and peak expira-
tory flow rate (PEFR) (EasyOne Spirometer) were
measured just prior to every IMT session. Position was
standardised during these measurements when possible
and the best of three attempts recorded.

Sample size and data analysis
Given the observational nature of this study, a sample of
10 patients was sought. However, only seven patients
were recruited over a 2-year period, in part because of
an increased number of patients with incomplete SCI.
In view of the small sample, data are reported for each
participant and analysed descriptively. Physiological
data recorded pre-IMT, immediately and 5 minutes
post-IMT were used in analyses.

Results
Twelve patients were screened over the 2-year study
period (Fig. 2) with five patients excluded: two with
acute delirium (cognitive impairment), one refused
consent and one had an ongoing symptomatic

respiratory infection. Staff time constraints prevented
recruitment of the final excluded patient. Descriptive
data for the seven participants are shown in Table 1.
All seven were males, ISNCSCI impairment classifi-
cation A (as per inclusion criteria), with a mean
(range) age of 33.6 (22–62) years, SCI level C4 to T6
and were 10.1 (5–17) days post-SCI. The variable time
post-SCI to commencement of IMT reflects the time it
took for patients to meet the eligibility criteria.

Feasibility
There were 50 sessions in total when the seven partici-
pants met the criteria to participate in IMT, with a
mean (range) of 7.1 (3–11) IMT sessions per participant
delivered over 10.7 (4–17) days (Table 1). The variability
in the number of IMT sessions and days over which it
was delivered resulted from the variability in partici-
pants’ length of stay at the RAH. There were no
occasions when participants failed to meet the pre-
session criteria to undertake IMT and no instances
when IMT had to be curtailed intra-session.

Safety
No adverse safety outcomes were identified prior to any
of the 50 sessions of IMT. Cardiorespiratory responses
to IMT are summarised in Table 2. Little change was
seen in physiological parameters from baseline pre-
IMT levels to those recorded immediately post-IMT,
with return to near-baseline values by 5 minutes post-
IMT training for all 50 sessions of IMT. RPE increased
from a mean (range) of 1.4 (0.0–6.0) pre-IMT to 3.9
(1.7–9.5) immediately post-IMT, decreasing to 1.9
(0.0–7.8) by 5 minutes post-IMT. No cardiac arrhyth-
mias were detected before, during or after the first
sessions of IMT. There were no instances of spasticity
or any other adverse symptoms or signs noted before,
during or after the 50 IMT sessions.

Figure 2 Flow of participants through the trial. C, cervical; FVC,
forced vital capacity; n, number; SCI, spinal cord injury; T, thoracic.

Table 1 Descriptive data for the seven participants.

Subject
number Sex

Age
(years)

Mechanism
of SCI Level of SCI Relevant PMH

Days post-
SCIa

Number of IMT
sessions

Duration of IMT
(days)

1 M 30 MBA T6 Nil 5 3 5
2 M 62 Fall C4 HT, anxiety 17 7 11
3 M 28 MVA C7 R, T1 L Nil 12 8 13
4 M 28 Diving C6 Limb fractures 9 10 17
5 M 22 MBA T4 Nil 10 7 10
6 M 23 Kite surfing C6 Scheurmann’s

disease
11 11 15

7 M 42 MVA C6 Nil 7 4 4

C, cervical; HT, hypertension; IMT, inspiratory muscle training; L, left; M, male; MBA, motor bike accident; MVA, motor vehicle accident;
PMH, past medical history; R, right; SCI, spinal cord injury; T, thoracic.
aDays from SCI to first session of IMT.
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Table 2 Cardiorespiratory response to IMT sessions for each participant.a

Subject
number

Respiratory rate
Heart rate (beats per

minute) SpO2 (%) Blood pressure (mmHg)
Rate of perceived

exertion

Pre-
IMT

Immed
post-
IMT

5′
post-
IMT

Pre-
IMT

Immed
post-
IMT

5′
post-
IMT

Pre-
IMT

Immed
post-
IMT

5′
post-

Pre-
IMT

Immed
post-
IMT

5′
post-
IMT

Pre-
IMT

Immed
post-
IMT

5′
post-
IMT

1 18.0 20.7 20.7 71.3 70.3 69.7 99.7 99.3 99.7 115.7/
50.7

110.3/
49.0

111.7/
51.7

1.3 3.2 2.7

2 17.0 19.1 17.0 53.7 51.1 51.3 96.9 97.7 96.4 111.0/
64.4

104.3/
62.3

107.6/
63.6

2.0 3.1 2.0

3 14.3 14.0 15.0 79.9 83.8 81.5 99.1 99.3 98.8 109.6/
67.6

104.5/
62.0

107.0/
63.1

0.4 2.3 0.4

4 8.6 8.7 8.9 64.7 65.2 62.6 96.9 96.4 96.5 111.3/
62.2

113.5/
66.8

115.3/
66.1

0.0 1.7 0.0

5 16.4 16.0 16.7 95.0 96.9 93.1 100.0 99.7 99.9 109.7/
58.0

111.4/
60.0

111.3/
60.6

0.1 3.6 0.0

6 13.9 13.2 13.6 60.9 60.5 57.7 98.6 98.8 98.0 103.2/
56.0

105.1/
59.1

107.6/
61.2

0.0 4.0 0.1

7 16.8 15.5 15.5 56.3 53.8 55.3 96.8 98.0 97.5 100.3/
57.3

104.0/
62.3

104.0/
57.8

6.0 9.3 7.8

aData are reported as mean values for each participant across their IMT sessions.
5′ = five minutes; immed, immediately; IMT, inspiratory muscle training; mmHg =millimetres of mercury; SpO2 = percutaneous oxygen
saturation.

Table 3 Efficacy data from the first to last session of IMT for each participant.

Subject number
PImax, cmH2O (% predicted)a FVC, litres (% predicted)b

PEFR, litres per second
(% predicted)b

First Last First Last First Last

1 44 (34.2) 38 (29.6) 1.96 (42.3) 1.43 (30.9) 3.54 (54.5) 3.12 (48.0)
2 30 (32.4) 30 (32.4) 1.63 (34.2) 2.10 (44.0) 1.87 (107.5) 3.13 (179.9)
3 63 (49.2) 92 (71.9) 2.40 (58.0) 2.66 (64.3) 2.68 (40.9) 3.55 (54.1)
4 73 (57.0) 79 (61.7) 2.38 (53.1) 2.75 (61.2) 4.40 (63.7) 4.74 (66.0)
5 56 (43.8) 66 (51.6) 3.38 (65.5) 3.59 (69.6) 5.51 (63.8) 6.04 (70.0)
6 40 (31.3) 64 (50.0) 2.37 (53.7) 2.19 (49.7) 4.28 (54.7) 3.54 (45.2)
7 109 (93.1) 102 (87.1) 3.08 (55.0) 2.73 (49.1) 2.54 (48.0) 3.71 (70.3)
Means 59.3 (48.7) 67.3 (54.9) 2.46 (51.7) 2.49 (52.7) 3.55 (61.9) 3.98 (76.2)

cmH2O = centimetres of water; FVC, forced vital capacity; PEFR, peak expiratory flow rate; PImax =maximal inspiratory pressure.
aPercentage predicted values based on those reported by Sclauser Pessoa et al.29
bPercentage predicted values calculated on-line (Dynamic MT) http://dynamicmt.com/dataform3.html30 and based on those reported
by Langhammer et al.31

Figure 3 PImax variability between and within participants
across IMT sessions.

Figure 4 FVC variability between and within participants
across IMT sessions.
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Efficacy
Efficacy data from the first and last sessions of IMT for
PImax and FVC are provided in Table 3 for each of the
seven participants, with session to session variability
illustrated in Figs. 3–4. Lung function parameters were
variable both between and within participants. On an
individual basis, four participants, who received 7–11
sessions of IMT over 10–17 days, demonstrated an
increase in PImax from the first to last IMT session.
Three of these four also recorded an increase in FVC
and PEFR with the other having a decline in these
values. Two participants, who received 3–4 sessions of
IMT over 4–5 days, had a decrease in PImax and FVC
over time, with one also having a decrease in PEFR
and the other an increase in PEFR. One participant
showed no change in PImax but an increase in FVC
and PEFR after 7 IMT sessions over 11 days. As
shown in Fig. 5, IMT training loads were able to be
increased over the sessions for each participant as
planned.

Discussion
This pilot study investigated the feasibility and safety of
commencing IMT in a series of medically stable adult
patients in the acute phase post-cervical or thoracic
SCI. For the seven participants, IMT was feasible with
all planned sessions of IMT able to be delivered, and
safe with stable physiological parameters and no
adverse events associated with IMT. Improvements in
lung function were seen for four of the seven partici-
pants over the duration of their IMT sessions.
Our sample, as planned, comprised patients at an

earlier stage post-SCI than previous research investi-
gating the effect of IMT for SCI patients.12 The
PImax and FVC values that we recorded were similar
to the means reported in the reviews by Berlowitz
and Tamplin5 and Van Houtte et al.,14 but somewhat
lower than those reported by Loveridge et al.27 and
Silveira et al.28 which most likely reflects the acuity

of our sample. Our findings of IMT being feasible
and safe in acute patients were similar to Bissett et al.
who investigated the use of IMT in ventilated ICU
patients.20

The efficacy of IMT was not a primary aim of our
study as we anticipated (and it was subsequently
shown) that participants’ duration of stay in the acute
hospital setting would be too short to enable a training
effect. Furthermore, the variability between partici-
pants in lung function parameters and study design
(i.e. lack of a control group) means the efficacy of
IMT is unclear. Nevertheless, our efficacy data merit
some further discussion. As noted earlier, training
loads were able to be increased over the duration of
the study for participants, four of whom showed
improvement in most measures of lung function over
time, one stayed the same and two deteriorated.
Whilst those participants whose lung function
improved tended to have a greater number and dur-
ation of IMT sessions (see Results), the uncontrolled
nature of our study means we cannot be sure whether
improvement reflects a training effect or spontaneous
recovery. Whilst the deterioration in lung function
seen over time for two participants (subject no. 1 and
7) could indicate an adverse effect of IMT (e.g. respir-
atory fatigue), we believe this is unlikely as both par-
ticipants remained clinically stable. Instead, it may
result from the considerable variability in lung function
seen from session to session (Figs. 3 and 4) which in
turn most likely reflects the effort-dependent nature
of these measures, which rely on participants’ full
understanding of the procedure, maximal effort and
enthusiastic coaching to optimise performance.29

Whilst body position during lung function testing was
standardised for each participant across the study, the
time of day was not which may have affected lung func-
tion. In view of the short-term variability in volitional
measures of lung function that we observed, our clini-
cal advice is to carefully monitor the patient’s overall
clinical status rather than relying solely on volitional
measures of lung function to detect adverse effects
from IMT in the acute phase post-SCI.
The main limitations of this study were the single

site, small sample size and uncontrolled design,
clearly limiting the generalisability of our results.
However, the slow recruitment rate justifies our
choice of study design, particularly given our focus
on the feasibility and safety of IMT. While the
inclusion of patients with incomplete SCI would have
increased our sample size, we believed that it was pre-
ferable to focus on those patients with complete SCI
in order to be consistent with previous studies.9,17,18

Figure 5 Training loads across IMT sessions.
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Despite these limitations, the current study provides
new evidence demonstrating that a high-resistance,
low-repetition program of IMT was both feasible and
safe at an earlier stage post-SCI than has previously
been documented. Given that no adverse events were
documented over the 50 sessions of IMT, it is possible
that a less conservative IMT program may be feasible
and safe in the acute phase post-SCI. Further study is
needed to demonstrate the efficacy of IMT when insti-
tuted during the acute phase post-SCI.

Conclusion
A high-resistance, low-repetition program of IMT was
feasible with all planned sessions able to be delivered,
and safe with no adverse events recorded before,
during or after IMT in adults with an acute complete
cervical or thoracic SCI with stable respiratory function.
Further study is required to investigate the efficacy of
IMT in this setting.
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