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Inspiratory muscle training in quadriplegic patients*, **
Treinamento de músculos inspiratórios em pacientes com quadriplegia
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Abstract
Objective: To determine whether inspiratory muscle training can increase strength and endurance of these  muscles 
in quadriplegic patients. Methods: Eight quadriplegic patients (7 males and 1 female) with injury to the lower 
cervical spine (segments C4-C7) were submitted to inspiratory muscle training with a threshold inspiratory muscle 
trainer adjusted to 30% of MIP. The training sessions were carried out with the patients in a sitting position, 
5 days a week for 8 weeks. Endurance time, MIP, MEP and FVC were determined at baseline, week 4 and week 8. 
Results:  In comparison with the mean baseline value, there was an increase in MIP, measured in the sitting 
position, at weeks 4 and 8 (−83.0 ± 18.9 cmH2O vs. −104.0 ± 19.4 cmH2O and −111.3 ± 22.7 cmH2O). There was 
an increase in MEP, also in the sitting position, at week 4 (from 36.8 ± 8.1 to 42.6 ± 8.8 cmH2O). There was an 
improvement in FVC at week 4 (from 2.1 ± 0.8 to 2.5 ± 0.6 L, representing an increase of 24 ± 22%). Although 
there was an increase in endurance (sitting) at week 8, the difference was not significant in comparison with the 
baseline value (29.8 ± 21.0 vs. 35.9 ± 15.5 min, an increase of 173 ± 233%). Conclusions: Quadriplegic patients 
can benefit from training at low loads (30% of MIP), which can improve inspiratory muscle strength, FVC and 
expiratory muscle performance. 
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Resumo
Objetivo: Determinar se o treinamento de músculos inspiratórios pode aumentar a força e endurance desses 
músculos em pacientes com quadriplegia. Métodos: Oito pacientes quadriplégicos (7 homens e 1 mulher) com 
lesão medular cervical entre C4 e C7 foram submetidos ao treinamento de músculos inspiratórios utilizando-se um 
resistor de carga linear ajustado em 30% da PImáx. As sessões de treinamento foram realizadas com os pacientes 
sentados 5 vezes por semana por 8 semanas. Tempo de endurance, PImáx, PEmáx e CVF foram medidos antes do 
treinamento e nas semanas 4 e 8. Resultados: Em comparação ao valor basal médio, houve um aumento da PImáx, 
mensurada na posição sentada, nas semanas 4 e 8 (−83,0 ± 18,9 cmH2O vs. −104,0 ± 19,4 e −111,3 ± 22,7 cmH2O). 
Houve aumento da PEmáx, também na posição sentada, na semana 4 (de 36,8 ± 8,1 a 42,6 ± 8,8 cmH2O). Houve 
uma melhora na FVC na 4ª semana (de 2,1 ± 0,8 a 2,5 ± 0,6 L, representando um incremento de 24 ± 22%). 
O tempo de endurance (sentado) não apresentou um aumento significativo entre o momento basal e a semana 
8 (29,8 ± 21,0 min vs. 35,9 ± 15,5 min; aumento de 173 ± 233%). Conclusões:  Pacientes com quadriplegia 
podem se beneficiar com o treinamento com baixas cargas (30% da PImáx), com melhora da força dos músculos 
inspiratórios, CVF e efetividade dos músculos expiratórios.
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Introduction

Quadriplegia results from injury to the 
spinal cord, which can cause severe respiratory 
impairment depending on the level at which 
the lesion occurs.(1,2) Lesions above C3 are 
life-threatening, causing paralysis of the 
diaphragmatic, intercostal, scalene and 
abdominal muscles, thereby leading to a lack of 

ventilatory support and the need for mechanical 
ventilation. If the injury occurs below C3, the 
diaphragm remains totally or partially innervated.
(3) However, diaphragmatic function is impaired 
due to paralysis of other respiratory muscles, 
including the abdominal muscles.
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MIP was enough to produce training effects.(6,7) 
However, there have been no studies evaluating 
the benefits of this protocol in quadriplegic 
patients. Therefore, the objective of the present 
study was to determine whether inspiratory 
muscle training with threshold trainers at low 
loads (30% of MIP) can increase the strength and 
endurance of inspiratory muscles in quadriplegic 
patients.

Methods

Our sample comprised eight quadriplegic 
patients (7 males and 1 female), 19-52 years 
of age, with injury to the lower cervical spine 
(segments C4-C7) and classified as grade A 
on the American Spinal Injury Association 
Impairment Scale.(20)

All of the patients in the sample were being 
treated at the Triângulo University Center 
(UNITRI) School of Physiotherapy, in the city of 
Uberlândia, Brazil. The inclusion criteria were as 
follows: having complete lesion of the cervical 
spine for more than 12 months; being clinically 
stable; being a nonsmoker; and having no 
history of chronic respiratory disease.

The study was approved by the UNITRI 
Human Research Ethics Committee. All of the 
patients or their legal representatives gave 
written informed consent.

Before the study, four assistants were selected 
and trained in the techniques applied during the 
tests (strength and respiratory muscle endurance, 
FVC and inspiratory muscle training).

In addition, MIP, MEP, FVC and endurance 
were measured prior to the first recorded 
measurement in order to avoid any learning 
effect. These measurements were then randomly 
determined, in the sitting and supine positions, 
in the pretraining period and at the end of weeks 
4 and 8 of training. The study was conducted 
for 8 consecutive weeks.

The patients received inspiratory muscle 
training, in a sitting position, with their natural 
breathing pattern, for 30 min/day, five days a 
week, for 8 consecutive weeks. The threshold 
inspiratory muscle trainer (HealthScan Products 
Inc., Cedar Grove, NJ, USA) was always adjusted 
to 30% of MIP or until the load of 41 cmH2O 
was reached, which is the maximum load for 
the device. All of the training sessions were 
supervised by one of the study team members, 

Quadriplegic patients have restrictive 
ventilatory impairment, together with decreases 
in VC, TLC, MIP, MEP, inspiratory capacity 
and endurance time, as well as in the ability 
to cough, especially in a sitting position. 
Therefore, these patients are highly susceptible 
to inspiratory  muscle fatigue and pulmonary 
complications.(4,5)

Specific training in which inspiratory muscles 
are overloaded through the use of resistive or 
threshold inspiratory muscle trainers can improve 
MIP. When a resistive trainer is employed, the 
inspiratory load depends on the diameter of 
the orifice and the breathing pattern of the 
patient, thus not allowing constant loads to be 
achieved.(6,7) However, when inspiratory muscle 
training is carried out with a threshold trainer, 
it is possible to establish a constant inspiratory 
load (graduated in cmH2O) since the inspiratory 
flow occurs only if the patient produces a 
pressure greater than the adjusted one, which 
opens the valve. Once the threshold is achieved, 
the resistance remains constant regardless of the 
inspiratory flow.(1,8)

Several studies have demonstrated that the 
inspiratory muscles of quadriplegic patients can 
be trained by increasing MIP, inspiratory muscle 
endurance, lung volume and capacity.(6,8-16) 
Those studies have used different methods for 
overloading inspiratory muscles, such as the 
use of threshold trainers, resistive trainers or 
abdominal weights, as well as normocapnic 
hyperpnea and training protocols involving high 
or unknown loads.(11-13)

Some studies have included a control 
group,(2,11,16,17) whereas others have included only 
a training group or compared the type of training 
used with that of another protocol. Although 
two recent systematic reviews have pointed to a 
few “trends”, no evidence of the effectiveness of 
respiratory muscle training in spinal cord-injury 
patients has been established.(18,19)

The benefits resulting from such training, 
which is usually associated with high loads, 
depend on both intensity and length. However, 
inspiratory muscle training at high loads is 
difficult to perform and can cause muscle 
fatigue.(6)

With regard to patients with COPD, two 
studies have demonstrated that training 
protocols at loads of 12% and 15% of MIP 
were not found to be effective, whereas 30% of 
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interrupted whenever the patient presented 
insufficient inspiratory flow to produce the 
minimum pressure necessary to open the 
resistance trainer during three consecutive 
inhalations or whenever the patient achieved the 
maximum time of 45 min.(22)

Student’s t-test was used in order to draw 
comparisons between measured and predicted 
values, as well as between the values obtained 

and the exercise loads were adjusted at the 
beginning of each week.

Plateau maximal respiratory pressures were 
measured with a vacuum manometer (OEM 
Medical, Marshalltown, IA, USA) connected to a 
plastic mouthpiece with a 2-cm internal diameter 
and a 1-mm orifice at the top in order to avoid 
any interference that could be caused by the 
extra pressure from the buccinator muscles in 
the final measurement.(21,22)

Overall, MIP and MEP were measured, based 
on RV and TLC, respectively, ten times each, 
with the patient wearing a nose clip. There was a 
2-min rest interval between the measurements.

Only pressures sustained for at least 2 s were 
recorded, and MIP was set at the highest value 
obtained.

The results were analyzed as absolute 
values and percentages, in accordance with the 
equation established by Neder et al.(20)

We used a Wright spirometer (Mark 8; Ferraris 
Medical Ltd., Enfield, UK) to measure FVC with 
the patients in sitting and supine positions.

The patients were instructed to inhale until 
TLC was reached and then to exhale into the 
mouthpiece of a 21-cm plastic resistance trainer 
with a 2-cm internal diameter. In accordance 
with the American Thoracic Society (ATS) 

recommendations,(21) at least three measurements 
were performed, and the highest value was 
chosen for the statistical analysis. The results 
were analyzed as absolute values.

The endurance test was a steady-state test 
adjusted according to the data graphically 
presented by Bellemare & Grassino(22) and 
based on the tension-time index. Those authors 
used transdiaphragmatic pressure (Pdi) as the 
maximal tension produced by the diaphragm. 
In the present study, in order to determine the 
inspiratory muscle strength, we employed MIP 
rather than Pdi.

The respiratory pattern was controlled 
by a sound signal based on the ratio 
between  inspiratory time and total respiratory 
time (TI/Ttot) at 0.6, and the load was applied 
to the respiratory muscles with the threshold 
muscle trainer (%MIP). The tests were carried 
out with the patients in a sitting position.

The load was kept constant throughout the 
test period by controlling TI and the inspiratory 
pressure for each respiratory cycle, and the result 
is expressed in minutes. The respiratory test was 

Table 1 - MIP, MEP, FVC and endurance time 
determined in the studied patients in the sitting and 
supine positions at baseline, week 4 and week 8 of 
training.

Variable Week Sitting  
position

Supine 
position

Mean ± SD Mean ± SD
MIP,  
cmH2O

baseline −83.0b ± 18.9 −97.6ab ± 17.7
4 −104.0bc ± 19.4 −108.0c ± 13.4
8 −111.3cd ± 21.7 −117.3cd ± 14.8

MEP, 
cmH2O

baseline 36.8b ± 8.1 37.0b ± 4.8
4 42.6bc ± 8.8 40.9bc ± 5.7
8 42.9b ± 9.1 38.3b ± 6.9

FVC, L baseline 2.1 ± 0.8 2.3 ± 0.7
4 2.6c ± 0.6 2.5 ± 0.6
8 2.4 ± 0.6 2.5 ± 0.4

Endurance, 
min

baseline 29.8 ± 21.0 33.9 ± 16.9
4 33.9 ± 17.7 37.4 ± 14.3
8 35.9 ± 15.5 42.7 ± 6.0

aSupine > seated (p < 0.05). bObtained values < predictive 
values (p < 0.05). cWeeks 4 and 8 > baseline (p < 0.05). 
dWeek 4 vs. week 8 (p < 0.05).

Figure 1 - MIP determined in the studied patients in 
the sitting and supine positions at baseline, week 4 of 
training and week 8 of training. 
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supine (−83.0 ± 18.9 vs. −97.6 ± 17.7 cmH2O; 
p < 0.05). There were no significant differences 
between the two positions for baseline MEP, 
FVC and endurance.

Baseline MIP, baseline MEP, and MEP 
measured at weeks 4 and 8 were significantly 
lower than the predicted values published by 
Neder et al. for MIP (−120 ± 11 cmH2O) and MEP 
(129 ± 12 cmH2O),(20) and the differences were 
significant (p < 0.05 for all).(20) No significant 
difference was found between MIP measured in 
weeks 4 and 8.

With patients in the sitting position, 
MIP was significantly higher at weeks  4  and 
8  than at baseline (−104.0 ± 19.4 and 
−111.3 ± 21.7 cmH2O, respectively, vs. −83.0 ± 
18.9 cmH2O; p < 0.05 for both). With patients 
in the supine position, the MIP values obtained 
at weeks 4 and 8 were also significantly higher 
than was that obtained at baseline (−108.0 ± 
13.4 and −117.3 ± 14.8 cmH2O, respectively, vs. 
−97.6 ± 17.7 cmH2O; p < 0.05 for both). After 
8 weeks of training, MIP had increased by 39 ± 
12% in the sitting position and by 23 ± 14% in 
the supine position (Figure 1).

Compared with baseline MEP, there was a 
significant increase in MEP at week 4 for the 
sitting and supine positions (36.8 ± 8.1  and 
37.0 ± 4.8 cmH2O, respectively, vs. 42.6 ± 
8.8 and 40.9 ± 5.7 cmH2O; p < 0.05 for both), 
representing, respectively, an 18 ± 22% and 
an 11  ± 11% increase in MEP. There were 
no significant increases in MEP at week 8 
(Figure 2).

in the sitting position and those obtained in 
the supine position. In order to compare the 
pretraining values to those taken on weeks 
4 and 8, we conducted ANOVA with repeated 
measures, followed by a paired t-test. The level 
of significance was set at 5%.

Results

Seven of the eight patients completed the 
study. One abandoned the training sessions after 
4 weeks, for no apparent reason. The values 
obtained for MIP, MEP, FVC and endurance time 
are presented in Table 1.

Mean baseline MIP was lower when the 
patients were sitting than when they were 

Figure 2 - MEP determined in the studied patients in 
the sitting and supine positions at baseline, week 4 of 
training and week 8 of training. 

Figure 3 - FVC determined in the studied patients in 
the sitting and supine positions at baseline, week 4 of 
training and week 8 of training. 

Figure 4 - Endurance time determined in the studied 
patients in the sitting and supine positions at baseline, 
week 4 of training and week 8 of training.
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inspiratory muscle training with a threshold 
trainer.

In the present study, MIP, MEP, FVC, and 
endurance obtained in the sitting position were 
compared with those in the supine position. 
A difference between the two positions was 
found for MIP at baseline, suggesting that the 
sitting position is disadvantageous for these 
patients.(24-26) However, this difference between 
the sitting and supine positions did not persist 
after 4 and 8 weeks of training, possibly due to 
the fact that the sitting position was adopted 
during the training sessions, thus minimizing 
any disadvantages for these patients. 

After 4 and 8 weeks of training, MIP improved. 
Several other studies have also found such an 
increase in MIP, although those studies involved 
inspiratory muscle training with high loads or 
resistive trainers.(9,11,27) It is possible to achieve 
the training effect even without knowing the 
load. Nevertheless, according to one study,(5) the 
advantages of the inspiratory muscle training 
with threshold trainers are that it allows accurate 
determination of the training load and thereby 
avoids fatigue of the inspiratory muscles.

Another interesting aspect relates to the 
duration of quadriplegia. According to one 
group of authors,(4) the tonus of the abdominal 
muscles increases by approximately 3 months 
after  the  lesion, and that, at one year after 
the injury, pulmonary function can improve in 
relation to the initial phase and tends to become 
stable.(3,28) In our study, none of the patients 
was in the acute phase, since the duration 
of the lesion ranged from 35 to 318 months, 
and, although there was no control group, 
spontaneous improvement is not probable in 
this phase.

A recent study evaluated the effect of 
normocapnic hyperpnea training, showing 
improvement in respiratory muscle strength 
and endurance in the trained group and no 
improvement in the control group.(16)

In the present study, MEP improved, in the 
sitting and supine position, after 4 weeks of 
training. This improvement can be due to an 
increased elastic recoil of the lungs, resulting 
from a high FVC. The increase in MEP observed 
by other authors is related to specific expiratory 
muscle intervention,(4,9,29) which did not occur in 
our study, because the protocol was applied to 
the inspiratory muscles only.

There was also a significant increase in FVC 
at week 4 compared with the baseline value, for 
patients in the sitting position (2.5 ± 0.6 L vs. 
2.0 ± 0.7 L; p < 0.05), translating to a 24 ± 22% 
increase. There was no significant increase in 
FVC at week 8 (Figure 3).

After 8 weeks of training, endurance did 
not improve significantly over the baseline 
value in either the sitting or the supine position 
(35.9  ±  15.5 vs. 29.8 ± 21.0 min and 42.7 ± 
6.0 vs. 33.9 ± 16.9 min, respectively), with 
an increase of 173 ± 233% and 116 ± 189%, 
respectively (Figure 4).

Discussion

The results of this study suggests that 
inspiratory muscle training with a threshold 
trainer at low loads increases the strength of the 
respiratory muscles in quadriplegic patients. 

The efficiency of inspiratory training at 
a low load (30% of MIP) has previously been 
reported in individuals with COPD(6,7) but not in 
quadriplegic patients. Our study suggests that 
inspiratory muscle training at low loads has a 
positive effect in quadriplegic patients, since the 
initial values were lower than those predicted, 
whereas those obtained after 8 weeks of training 
were higher than the baseline values and showed 
no significant differences in relation to the 
predicted values, suggesting a trend towards 
normality after the specific training. These 
lower baseline values are in accordance with the 
findings of a study(23) showing that quadriplegic 
patients with injuries to the upper cervical spine 
(at C4 or C5) presented with the lowest values 
of MIP, MEP and FVC. It is important to note 
that the protocol that we used (low load muscle 
training) is an easy-to-perform exercise, which 
favors adherence to treatment.

The training protocols for quadriplegic 
patients described in the literature are to be 
applied once or twice a day in 15- to 30-min 
sessions for 5-7 days a week over 6, 7, 8 or 
16 weeks, or even one year.(4,8,11-13) Based on 
the studies previously cited, our protocol used 
30-min training sessions at 30% of MIP once a 
day for 5 days a week over 8 consecutive weeks. 
One group of authors,(1) working on the Spinal 
Cord Injury Rehabilitation Evidence Research 
Team, suggested that further studies should 
be carried out to determine the ideal load for 
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quadriplegic patients were submitted to 
respiratory muscle training. Nevertheless, some 
protocols do not involve the determination 
of respiratory patterns during the test, which 
precludes any comparisons of the results.(7,8,10,11)

The small number of patients and the lack of a 
control group are major limitations to our study. 
However, other studies have presented the same 
limitations, probably due to specific difficulties 
related to this population of patients.(2,8,9,11,13)

In two systematic reviews,(16,17) three and six 
studies were selected, respectively. According to 
one of the reviews,(16) there have been very few 
studies showing evidence of the effectiveness 
of inspiratory muscle training in patients with 
cervical spinal cord injury. However, the authors 
of the other review suggested that there is a trend 
toward improvement of both expiratory muscle 
strength and VC, as well as a decrease in the RV, 
after respiratory muscle training. Nevertheless, 
the available data are still insufficient to draw 
conclusions, and further studies involving larger 
samples, control groups, the use of threshold 
trainers and different variables are needed.(1,16,17)

In conclusion, the present study showed that 
inspiratory muscle training at a 30% muscle 
training load is associated with improvements in 
inspiratory muscle strength and FVC, as well as in 
expiratory muscle effectiveness, for quadriplegic 
patients. 
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