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It is aimed to present the usefulness of inspiratory muscle trainer (IMT) in treatment of a 20-year-old male patient with dia-
phragmatic paralysis and tetraplegia due to spinal cord injury (SCI), and supporting effect of IMT in recovering from respiratory
failure by rendering his diaphragm functions. The treatment was applied through the tracheostomy cannula by a modified IMT
device. After applying IMT for three weeks, it was observed that the diaphragm recovered its functions in electromyography (EMG)
test. As a result, in this study, we present a case where a patient could live without any respiratory device for the rest of his life with

the help of modified IMT.

1. Introduction

The primary aim of the pulmonary rehabilitation is to
increase the life quality and the comfort of the patients by
helping them to adapt to daily activities as much as possible
and to recover from respiratory failures. As it is wellknown,
bilateral diaphragmatic paralysis is expected in patients with
tetraplegia [1]. Respiratory failures are often inevitable in
such patients. Invasive or non-invasive mechanical ventila-
tion treatment is compulsorily needed by such patients to
continue breathing [2]. As the diaphragm is the strongest
inspiratory muscle, any dysfunction would cause severe re-
spiratory failures. In spinal cord traumas, depending on the
severity of the trauma, the diaphragmatic paralysis is fre-
quent [3]. In diaphragmatic paralysis cases, drastic changes
in lung volumes and decreases in inspiratory capacity and
expiratory reserve volume are generally observed [4]. The
most common methods of pulmonary rehabilitation in treat-
ment of spinal cord traumas are using wheelchairs and
arm-cranking exercise [5]. Inspiratory muscle trainer (IMT)
device is generally applied to the patients with chronic
obstructive pulmonary disease (COPD) [6]. This method

helps to reduce the inspiratory workload by increasing the
power of the inspiratory muscle and also to prevent the
carbon dioxide retention. It is also frequently applied in cases
with neuromuscular diseases such as Myasthenia Gravis and
proved to be successful in reducing the need of mechanical
ventilation [7]. Likewise, in this report, we present the
successful application and the usefulness of modified IMT
device through tracheostomy cannula on a patient with
tetraplegia and diaphragmatic paralysis.

2. Case

Our case is a 20-year-old male patient with C5-6-7 vertebrae
fracture because of falling from height. Surgical operation
has been applied to him; however, he did not benefit
from the surgery. Following the development of tetraplegia,
respiratuary failure occurred in the patient, and invasive
mechanical ventilator (IMV) was needed. While the patient
was placed on IMYV, the follow-up was conducted by trials
both with controlled mode and the BIPAP mode; however,
adequate tidal volume could not be reached due to the lack
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FiGuUrk 1: Threshold inspiratory muscle trainer.

of diaphragmatic movement. Diaphragmatic paralysis was
confirmed by electromyography (EMG). After the hospital-
ization of the patient, respiratory physiotherapy was utilized
(respiratory exercises, postural drainage, etc.) regularly. This
therapy has been applied for almost three months. During
this period, adverse complications of IMV (ventilator associ-
ated pneumonia (VAP)) occurred, which had an undesirable
effects on the physiotherapy due to insufficient respiratory
reserve, weak cough reflexes, and so forth VAP is one of the
major complications which increase morbidity in patients
receiving mechanical ventilation. In the third month of the
follow-up, the patient remained stable for the duration of
mechanical ventilation on CPAP mode, and we estimated
that pulmonary rehabilitation with Threshold Inspiratory
Muscle Trainer would be useful for pulmonary functions of
him (Figure 1). However, we had a difficulty in operating the
IMT device through the tracheostomy cannula. Upon this
problem, we modified IMT device as seen in Figures 2 and 3.
For three weeks, this modified device has been applied to
the patient through 20-30 breaths per day (Figure 4). The
relative pressure was 12 cm H,O (20% of MIP) in first week,
16 cm H,O (30% of MIP) in second week, and 20 cm H,O
(50% of MIP) in third week. At the end of the three weeks,
the diaphragmatic movements of the patient have been
observed and adequate tidal volume has been obtained dur-
ing spontaneously breathing in room air. Sporadic IMT
treatment has been applied, and, as a result, sufficient
ventilation by mere room air has been achieved.

3. Discussion

Tetraplegia and diaphragmatic paralysis are often in severe
spinal cord injuries. As a result of this, such patients have
a great tendency to develop respiratory failures. They are
bound to continue their lives through the help of respiratory
supportive devices, but adequate respiratory volumes cannot
be obtained through the use of invasive or noninvasive
mechanical ventilators [4]. On the other hand, infectious
complications of IMV, such as VAP, indicate the morbidity
and the mortality in these patients [8]. Pulmonary rehabil-
itation is absolutely necessary in treatment procedures of
these patients. There are numerous respiratory rehabilitation

FIGURE 2: Modified threshold inspiratory muscle trainer.

F1GUre 3: Threshold inspiratory muscle trainer.

methods whose common target is to put the inspiratory and
the expiratory muscle groups into effective use in breathing.
In our case, the recovery in respiratory failure and diaphragm
dysfunction was achieved.

A glance at the medical literature will help us to see
that the major respiratory exercises are wheelchair and arm-
cranking in patients with spinal cord injury [5]. In the
medical reports, we see that the IMT is used on patients with
COPD more often than other respiratory disorders [6]. Nev-
ertheless, recently it has also been used on patients with
neuromuscular diseases and respiratory failures due to spinal
cord injuries. In the study of Petrovic et al., IMT has been
applied to patients in addition to the application of NIV for
a period of 4 months at nights, and there has been an increase
in vital capacity for 9,6% [2]. Bailey et al. recorded and
compared the maximum inspiratory pressure (MIP) values
before and after the application of IMT for four weeks and
observed statistically meaningful recovery in patients [9].

A contrastive analysis of pursed lip breathing and IMT
has been conducted by Sutbeyaz et al. in patients with spinal
cord trauma or stroke, and it has been observed that the
exercise capacities and life qualities have been increased in
the patients who received IMT. At the end of the study
the lung volume of the patients who received IMT had a
statistically meaningful recovery in comparison with those of
patients who were treated with pursed lip breathing [10].
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F1GURE 4: Implementation of the device on the patient.

Liaw and colleagues investigated the efficacy and feasi-
bility of home-based IMT in 26 patients with bronchiectasis
in their randomized trial that have reached success by
working 30 minutes per day for eight weeks [11]. They per-
formed measurements including spirometry for evaluating
the effects of treatment and observed an improvement both
in inspiratory and expiratory muscle strength, but no effect
on respiratory function and quality of life in patients with
bronchiectasis. As seen in Liaw et al’s study, pulmonary
function test result is an objective criteria for evaluating the
improvement in respiratory functions in such patients, but
we could not be able to perform spirometry to our patient
because of his physical condition. On the other hand we
demonstrated the diaphragma movement with EMG which
was absent before the IMT treatment and also a well recovary
in respiratory function of the patient.

IMT diaphragmatic paralysis is present prior to applica-
tion, and the application is running after the diaphragm was
detected by Miiller and colleagues [12] noted in the first year
after trauma, such as improved respiratory muscle function
shown without IMT. However, we think that our case is the
contribution of IMT respiratory functions.

As a result, it has been deduced that, in cases with tra-
cheostomy and chronic respiratory failure where respiratory
rehabilitation treatments do not produce desired results, the
diaphragm, being the biggest inspiratory muscle, can be put
into use with the modified IMT application, and ideal results
can be attained. It has been evaluated that the incremental
application of this method in other cases, thus attaining more
objective findings, will be more than appropriate.
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