RESEARCH

Evaluation of the effect of the
elastic abdominal strap, on
the reduction of the respiratory
restrictive syndrome in spinal
cord, injured patients (C5 to T12)
less than 6 months old
Abstract
Methods: 27 spinal cord injured subjects are included in the study to evaluate the effect of wearing of an elastic abdominal
strap on the restrictive syndrome. Two measures are made: the measurements of staged thoracic amplification and the
measurement of the respiratory functional exploration without and with abdominal strap.
Results: No effect on the respiratory functional exploration measurements (p-value>0.05), significant increase in chest
expansion at the axillary and xiphoid level (p-value<0.05) and significant decreased in diaphragmatic amplification
(p-value<0.05).
Discussion: The use of an abdominal strap does not improve the parameters of the respiratory functional exploration in
spinal cord injured and opposes the mechanical and physiology of breathing by minimizing the action of the diaphragm
and increasing the thoracic perimeters whatever it is the level of the spinal cord injury from C5 to T12.
Conclusion: The use of an elastic abdominal strap in spinal cord injured patients does not improve respiratory functional
exploration parameters and leads to an increase in axillary and xiphoidal thoracic amplification and to a decreased of the
abdominal diaphragmatic one.
Keywords: Spinal cord injuries, elastic abdominal strap, spirometer, thoracic amplification, restrictive syndrome

Introduction

muscle paralysis [2,3]

Paraplegia is a paralysis of both lower limbs
resulting from a spinal cord injury, traumatic
(accidental) most often, but sometimes may
result from other medical causes. Every year
in the world, between 250,000 and 500,000
people have spinal cord injuries (SCI) [1]
(WHO, 2015).

Respiratory dysfunction resulting from
paralysis remains a major cause of morbidity,
mortality and economic charge [4]. It is the
most common cause of death for these patients.
This respiratory dysfunction is undervalued,
if not totally ignored. These patients present
a restrictive respiratory syndrome of varying
importance depending on the level of the
injury [3,5]. The deficit of the abdominal
muscles, according to some studies is effectively
compensated by the wearing of an elastic
abdominal strap [6]. However, other studies
have shown that the use of an abdominal strap
does not improve respiratory function [7,8]. It
seems interesting to know the effectiveness of
the wearing of this elastic abdominal strap on
the respiratory function of SCI patients.

In the lower cervical (C4 to C7) and
upper dorsal (T1 to T6) medullar injury, the
preservation of the diaphragmatic activity allows
a ventilatory autonomy. Due to the disappearance
of all or part of the intercostal muscles, and the
total absence of the abdominal muscles, this
autonomy is relative and precarious, there is a
major paralysis of the main expiratory muscles
that allow an effective cough (abdominal,
intercostals). In lower dorsal medullar injury,
(T6 to T12) ventilatory problems are minor and
depend on the importance of the abdominal
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We propose to study this impact on a
population of 27 spinal cord injured patients,
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using the Respiratory Functional Exploration
(RFE) and the staged measurement of thoracic
extension, we would choose to compare the
measures of the Vital Capacity (VC), Forced
Expiratory Volume in one second (FEV1),
Peak Expiratory Flow (PEF) and Tiffeneau's
ratio, and measurements of inspiratory and
expiratory thoracic amplification, at different
levels, axillary, xiphoid and umbilical, with and
without abdominal strap.

 Anatomo-physiology of the
respiratory muscles
The respiratory function provided by the
respiratory system is used to supply the body
with oxygen (O2) to meet the needs of the
organs that consume it for their activity. The
expiration is passive whereas the inspiration
requires a muscular effort to raise the thorax
against the external resistances (gravity) and
internal (muscular tone, the elasticity of the
lungs, stiffness’s, retractions and others [9,10].
During inspiration, the inspiratory muscles,
primarily the diaphragm and the external
intercostals, increase the size and volume of the
chest and the lungs allowing the passage of the
ambient air to the alveoli [11]. The diaphragm,
the main inspiratory muscle, by its contraction
induces a cranial-caudal displacement of the
phrenic center which increases the volume of
the thoracic cage [12,13].
While the abdominal muscles all have an
expiratory activity, the diaphragm contracts by
lowering the phrenic center, which increases
the vertical diameter of the chest while exerting
pressure on the abdominal viscera [14]. The
abdominal muscles then intervene by forming
a strap preventing the abdominal protrusion
downwards and forwards and forming a
solid point of support for the diaphragmatic
contraction [6,15].
Innervation
SCOM
Scalene
Trapeze
Diaphragm
Rhomboid
A.S
P.M.
L.D
Intercostal
Abdominis
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 Physiopathology
Medullar lesions deprive of voluntary
movement the muscles whose innervations are
below the injury level. Thus, the higher the
spinal cord injury, the greater is the extent of
paralysis of the respiratory muscles. This is
verifiable only for complete spinal cord lesions
[11,14] (IMAGE 1).

 Impact of paralysis of abdominal
and intercostal muscles on
respiratory function
Severe diaphragmatic dysfunction will
lead to a paradoxical breathing, gas exchange
abnormalities, and sleep disturbances. The
paralysis of the respiratory intercostal muscles
will lead to respiratory insufficiency; the Vital
Capacity (which can be reduced by 50% for
quadriplegic subjects) varies according to the
importance of intercostal muscle lesion and the
flexibility of ribcage [16-18].

 Respiratory functional exploration
The respiratory functional explorations
(RFE) gather all the examinations allowing
measuring the quantifiable variables of the
respiratory function. The normal expiratory
flow-volume curve has the shape of a triangle,
the inspiratory normal curve in the form of
a semicircle (FIGURE 1). The values of the
various respiratory parameters are greater than
80% of the theoretical values and the Tiffeneau’s
ratio is greater than 70% [12,19]. The restrictive
syndrome is characterized by a decrease in
Total Lung Capacity (TLC) and an increase in
Tiffeneau's ratio. Peak Expiratory Flows (PEF)
is decreased in proportion to the decrease in
TLC (FIGURE 2) [15,20].

 Thoracic amplification perimeter
The thoracic perimeter is used to judge the
capacity of the thorax to distend [21]. The test is
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IMAGE 1: Metameric levels of
respiratory muscles.
SCOM: SternoCleido Mastoid,
A.S: Anterior Serratus,
P.M.: Pectoralis Major, L.D:
Latissimus dorsal
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done by a tape measure. Measurement of upper
and lower thoracic motility and diaphragmatic
mobility are tested separately. An anatomical
landmark corresponds to each of the three
measurements levels:
•

4 intercostal space to measure the
upper ribs distention

•

The xiphoid appendix to measure the
lower ribs distention

•

The umbilicus to measure
diaphragmatic distention [22]

age of the population is 23.1+3.89 years (18yrs
-30yrs), with a sex ratio M/W of 12.5/1.

 Inclusion Criteria
• Spinal Cord injuries (C5-T12) cooperative
patient, between 18 and 35 years old,
with a complete and symmetrical injury
of the medulla, less than 6 months old,
confirmed by a neurologist, presenting
a restrictive syndrome on spirometric
examination

th

the

The measurements are done in sitting
position, inspiration and maximum expiration.
The difference between the three measurements
corresponds to the thoracic amplification [21].
The location of the umbilicus under abdominal
strap will be done by tape measure referring to
its distance from the jugular notch.

 Non-inclusion Criteria
• Associated respiratory diseases (asthma,
bronchiectasis, Emphysema, rib fracture
...)
• Recent abdominal surgery (less than 6
months)
• Spasticity or significant retraction of the
abdominal muscles (which limits thoracic
expansion)

Materials and Methods

• Associated cerebral lesions (stroke, head
trauma, epilepsy)

 Population
27 patients with a complete and symmetrical
spinal cord injury were included in this study
after verifications of the inclusion and exclusion
criteria. TABLE 1 summarizes the clinical
characteristics of patients. The average of the
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 Experimental protocol
Our experimental protocol is based on the
use of the abdominal strap in the spinal cord
Flow
(L/s)

Flow
(L/s)

Volume
(L)

Volume
(L)

FIGURE 2: Flow-volume curve of the restrictive
syndrome.

FIGURE 1: Normal flow-volume curve.
TABLE 1: Clinical characteristic of patients
Levels of injury
Total
27
patients

Age

BMI

Sex

Smoking

7.5 % ♀
92.5 % ♂

63 % smokers
37 % non-smokers

22.12 + 3.42 %
6 patients < T6
21 patients >T6

Clin. Pract. (2018) 16(2)

23.11 + 3.89 years

7.4% underweight
62.9% normal weight
14.8% pre obesity
3.7% moderate obesity
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injured patients in order to evaluate its effect on
the different thoracic parameters.

• 30 seconds of
measurement.

FIGURE 3 presents the different phases of
the experimental protocol.

• 1 minute of rest between each level.

The elastic strap we used is an abdominal
lumbar band (Thuasne® Dynabelt Abdominal
Belt) (FIGURES 4). In order to choose the
right strap for each patient, an abdominal
measurement was made of the abdominal
perimeter in lying position at the level of
the umbilicus with the tape measure. Quiet
breathing is required of the patient; we measure
the perimeter in an intermediate position
between inspiration and expiration. It is essential
that spirometric measurement is performed with
the same tension of the strap. We arbitrarily
adopted a tightening of about 10% elongation
of the strap at the end of the expiration.

 Spirometric measurement tests
An explanation of the interest of the
examination was made to the patients before
the execution of the tests, the initial and final
balance sheets, carried out after oral agreement
of the patients and signature of an informed
consent, were made successively without and
with the abdominal strap in a comfortable
sitting position on a chair with backrest, with
a minimum of 2 hours after the last meal.
The final test, with the abdominal strap, was
performed after 15 minutes of the initial test to
allow a rest period to the patient. The results are
compared with theoretical or predicted values,
which are calculated based on the age, sex, and
length of the patient's ethnic group [23]. The
measurements are made with a nose clip and
the patient's lips must surround the tip of the
spirometer, in order to avoid any leaks.

rest

between

each

• The best measurement of the three tests
will be retained.
The anatomical level of the different
measures :
• For the axillary perimeter: the tape
measure is placed at the 4th intercostal
space (FIGURE 5).
• For the xiphoidal perimeter, the tape
measure is placed at the level of the
xiphoid appendix (FIGURE 6).
• For the umbilical perimeter, the tape
measure is placed at the level of the
umbilicus (FIGURE 7) [22].
The following instructions were given to
patients:
• "Inhale slowly and push the meter tape
while inflating the lungs" to measure
maximum inspiration
• "Blow strongly by mouth while emptying
the lungs to the maximum", for the
measurement of maximum expiration [24]

Statistical Analysis of the Data
The results are expressed as the mean ±
standard deviation. We used the Xlstat 2009
statistical software. The average comparisons are

 Thoracic measurements
In order to measure thoracic amplification,
three successive measurements will be performed
at two thoracic levels (axillary and xiphoidal)
and an abdominal umbilicus level [21].

FIGURE 3:
Representation of
the experimental
protocol.
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made by T-test. A value of p <0.05 is considered
statistically significant.

 Results of the spirometric
examination

Results

The examination has shown that the wearing
of the abdominal strap in the spinal cord injured
patient would not modify the spirometric
measurements (FEV1, PEF, Tiffeneau’s ratio,
and FVC) and this regardless of the level of the
injury.

Following the spirometric and morpho
dynamics assessments carried out with our
population with spinal cord injured patients
of varying levels (C5 to T12) whose injury is
at least 6 months old, in the neuromuscular
rehabilitation centers of North Lebanon, we
obtained the following results:

There is no significant difference in FEV1,
PEF, FVC and Tiffeneau’s ratio, between
spirometric measurements were done without
the abdominal strap and those done with
abdominal strap ((TABLE 2 and FIGURE 8).

 Evaluation of measurements of
thoracic perimeters (axillary,
xiphoidal and umbilical) without and
with elastic abdominal strap

FIGURE 5: For the Axillary perimeter: the tape
measure is placed at the 4th intercostal space

A significant increase (p=0.0000010)
between the axillary perimeter during the
inspiratory (102.09 ± 14.66 cm without the strap
and 103.48 ± 14.50 with strap and between the
axillary perimeter during the exhalation time
(99.59 ± 14.61 cm without the abdominal strap
and 100.04 ± 14.56 cm with abdominal strap
(p=0.0027).
Significant increase (p=0.0000001) between
the xiphoid thoracic perimeter during the
inspiratory time (100.93 cm ± 13.31 cm
without abdominal strap and 100.04 cm ± 14.56
cm with abdominal strap) and between the
xiphoidal thoracic perimeter during expiratory
time (98.15 cm ± 13.55 cm without abdominal
strap and 98.67 cm ± 13.82 cm with abdominal
strap (p=0.0055).

FIGURE 6: For the xiphoidal perimeter, the
tape measure is placed at the level of the
xiphoid appendix.

A significant decrease (p=0.0000001)
between the diaphragmatic abdominal perimeter
during the inspiratory time (105.5 cm ± 16.57
cm without the abdominal strap and 104.24 cm
± 17.03 cm with abdominal strap). A significant
decrease (p=0.0058) between the diaphragmatic
abdominal perimeter during the expiratory time
(103.11 cm ± 16.96 cm without the abdominal
strap and 102.44 cm ± 17.20 with abdominal
strap) (FIGURE 9).

Discussion
 Spirometric volumes
FIGURE 7: For the umbilical perimeter, the tape
measure is placed at the level of the umbilicus.
Clin. Pract. (2018) 16(2)

All authors without exception agree that
the use of abdominal strap induces real benefits
in the spinal cord injured patient [25-27];
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however, the majority of studies note a slight
non-significant improvement in the parameters
of the respiratory function test following the use
of an abdominal strap [28,29].

presence of abdominal - diaphragmatic synergy.
The non-significance of the results obtained
from the spirometric volumes with and without
abdominal strap was identical for both groups
of patients (<T6 and> T6) and these results are
consistent with the results of the meta-analysis
by Wadsworth, which revealed evidence that the
use of abdominal strap improves Vital Capacity
(VC), but decreases Functional Residual
Capacity (FRC).

The results of our study are consistent
with studies of Wadsworth et al. [8], who
demonstrated that the use of abdominal strap
does not improve the parameters of respiratory
function tests in spinal cord injured patients.
We divided our population into 2 groups:
the first group of patients with an injury higher
than T6, with absence of contraction of the
abdominal muscle theoretically with the absence
of an abdominal-diaphragmatic synergy and the
second group of patients with an injury lower
than T6 with partial presence of contraction of
the abdominal muscles and presenting a partial

We notice the reverse trends for the two
groups of medullar injuries patients studied
(paraplegic and quadriplegic). Indeed, with the
elastic abdominal strap, quadriplegic patients
improve their FVC by almost 5.6% and their
Tiffeneau’s ratio by 6.25%. For paraplegic
patients, the two parameters (FVC and

TABLE 2: Evaluation of FEV1, PEF, FVC and Tiffeneau’s ratio measurements with and without abdominal strap.
FEV 1
Entire
injury>
Population
T6

PEF
injury
<T6

Entire
injury>
Population
T6

FEV
injury
<T6

Entire
population

Injury
>T6

Tiffeneau’s Ratio
Entire
injury <T6
population

injury>
T6

injury<
T6

Without
1.27 l ± 2.38 l ±
1.98 l ± 0.69
abdominal strap
0.47
0.48

4.16 l/s ±
1.32

2.46 l/s 4.86 l/s ±
2.54 l ± 0.65
± 0.39
0.83

2.11 l ±
0.61

2.83 l ±
0.51

0.78 % ±
0.17

0.64 % ±
0.25

0.83 % ±
0.08

With abdominal
strap

4.19 l/s ±
1.39

2.73 l/s 4.88 l/s ±
2.46 l ± 0.73
± 1.39
0.84

1.99 l ±
0.74

2.79 l ±
0.57

0.79 % ±
0.17

0.68 % ±
0.25

0.83 % ±
0.1

2.01 l ± 0.68

1.26 l ± 2.35 l ±
0.56
0.45

Evaluation of diﬀerent parameters of the spirometric measurements
6
5
4
3
2
1

FEV 1

PEF

FEV

Without abdominal strap

With abdominal strap

injury < T6

injury > T6

Entire population

injury <T6

injury >T6

Entire population

injury <T6

injury > T6

Entire Population

injury <T6

injury > T6

Entire Population

0

Tiﬀeneau Ratio

FIGURE 8: Evaluation of FEV1, PEF, FVC and Tiffeneau’s ratio measurements with and without abdominal strap.
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Evaluation of thoracic ampliﬁcation perimeters
108.00

104.00

CM

100.00

96.00

92.00

88.00

Axillar inspiratory Axillar expiratory Xiphoid inspiratory Xiphoid expiratory
Without strap

With strap

Ombilical
inspiratory

Ombilical
expiratory

FIGURE 9: Evaluation of thoracic amplification perimeters with and without abdominal strap.

Tiffeneau's ratio) vary negligibly for the two tests
(1.4% for FVC and 0% for Tiffeneau's ratio);
this could possibly be explained by the presence
in these patients of a paradoxical breathing and
a costal draw in spinal cord injured patients
higher than T6. Both groups of patients showed
only a negligible increase in FEV1 (by almost
1.6% compared to the value without strap).
Similarly, in the group of quadriplegic
subjects (injury> T6), we note that patients (A.J)
and (M.H), have a decrease in FEV1 with strap,
unlike all others. These patients, who are heavy
smokers, have a severe restrictive syndrome
accompanied by an obstructive syndrome
during initial measurements, which explains
why the wearing of an abdominal strap limits
the expiratory flow of these patients.
The practical difficulty encountered during
this work is the tightness of the strap for the
(AC) patient, who had a very small abdominal
perimeter, 65 centimeters, the waist strap size "1"
is the smallest and is normally put in place for
a patient. The abdominal perimeter is ranging
from 66 to 80cm. However, it remained too big
for this patient. We have exceptionally tightened
the strap for about 15% from the original length.
The result for this quadriplegic subject (injury
at T6), was a decrease in all parameters of the
Respiratory Functional Exploration (RFE).
We can suppose that by placing a strap on this

Clin. Pract. (2018) 16(2)

quadriplegic subject, we decrease the abdominal
thoracic balance, which results in a decrease of
the respiratory parameters with strap. It should
be noted that all paraplegic patients report being
embarrassed by using the strap.

 Measurement of thoracic
extension
Axillary and xiphoidal volume differences
increased significantly, which should be
beneficial for the patient's breathing, but the
problem was that this increase in thoracic
amplification was accompanied by a decrease
in the difference in inspiratory and expiratory
diaphragmatic expansion. This antagonizes
the respiratory physiology and exaggerates the
non-synergy between the thorax and abdominal
respiratory function in these patients thus
increasing their apical and thoracic breathing.
These results are consistent with the results
of the West et al. 2014 [30], concerning the
usefulness of wearing abdominal strap on the
improvement of the respiratory function during
exercise in sports quadriplegics (without making
a thoracic amplification measurements) that
the abdominal strip displaces the breathing but
reduces the volumes lungs without influencing
the flow limitation.
We believe that the increase in axillary and
xiphoid thoracic perimeters concomitant with
the decrease in diaphragmatic amplification

10.4172/clinical-practice.1000447
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is related to thoracic solicitation, beyond
respiratory physiology in the spinal cord injured
patient. These patients, who already have a
restrictive syndrome and an inability to achieve
significant physiological thoracic amplification,
would be forced to perform, during the wearing
of the elastic abdominal strap, a purely thoracic
and non-physiologic apical breathing which
could go in the direction that may increase their
restrictive syndrome.
These results support our initial hypothesis
that abdominal strap would not improve the
restrictive syndrome of spinal cord injured
patient.
We must, therefore, accept that the problem
present in these subjects is not a question of the
capacity of the abdominal muscles to contain the
abdominal viscera which could be compensated
by an elastic abdominal strap.

1056

Conclusion
We can conclude from this experimental
study that the use of an abdominal strap in
spinal cord injured patients (C5-T12) less than
6 months old does not lead to a significant
improvement in respiratory functional
exploration measurements regardless of the level
of the medullar injury. In addition, it shifts
patients' breathing to the higher thoracic levels
and significantly minimizes the difference in
diaphragmatic amplification. The abdominal
strap provides no respiratory benefit in subjects
with paralysis of the respiratory muscles
(especially the abdominal muscles), and its
use leads to worsening of the purely thoracic
paradoxical breathing.
Following this study, it is thought that other
therapeutic solutions should be considered to
improve, if possible, the respiratory parameters
of the spinal cord injured patients.
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