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ABSTRACT

The idiopathic scoliosis is the most common form of the structural vertebral curvatures of an unknown reason. In
Poland it steps out in 4-14% schoolboys and schoolgirls at the age of 10-14 years, i.e., every tenth child at this of age
suffers from the idiopathic scoliosis. Disturbances of statics and symmetry of the bony chest structure induces deeper
changes in the mobility of costovertebral joints, what impairs mutual spatial relations of bronchi and pulmonary alveoli.
As a consequence this leads to the ventilatory insufficiency of a restrictive type and in years to symptoms of the cor
pulmonale. This research was conducted on a group of 32 girls between 13 and 19 years old, one and a half year after
the surgical treatment with the Cotrel-Dubousset method. Before the rehabilitation period restrictive type ventilatory
disturbances of various degree were present in 59.4% of subjects. After the rehabilitation the ventilatory parameters
were improved: VC increased by about 5.7%, FEV; by about 9.7%, and PEF by about 2.9%. For prophylaxis and the
rise of the exercise tolerance in patients with the idiopathic scoliosis after surgical treatment, one may recommend the

annual rehabilitation under conditions of a professional rehabilitation center.

INTRODUCTION

300 B.C., Hippocrates treated scoliosis with
the use of a bed called “scanum”. In the Roman
Empire movement was a therapeutic method. Galen
introduced rhythmic and resistance exercices with a
partner in order to strenghten muscles of the body.

Lateral vertebral curvature is a deformity that
appears more often than could be estimated on the
basis of photofluorograms from screening examina-
tions or analysis of materials from clinics and hos-
pitals [30]. In Poland scoliosis has been diagnosed
in 4-14% children between 10 and 14 years old.,
i.e., this concerns every 10" child [26]. One should

notice that at the age of 10-11 scoliosis appears at
the same rate in boys and girls, however, at the age
of 14, the ratio of girls to boys with a progressive
scoliosis amounts to 5:1 [25].

In a regular vertebral column the erect posi-
tion develops with physiological antero-posterior
curvatures that keep internal balance. Coordinated
activity of the vertebral muscles secures active and
balanced position of the vertebral column [4, 29,
33]. The origin and development of scoliosis de-
pends on two basic factors: etiological and biome-
chanical [10, 16]. The etiological one may be of
various nature and it induces early stages of scolio-
sis. The biomechanical factor is common for all
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types of scoliosis and it controls the development of
scoliosis. Disturbances in muscular balance con-
tribute to the progression of the deformities. There
are plenty arguments indicating on changes in the
neuromuscular system as responsible for the idio-
pathic scoliosis [19, 24]. Regardless of the attitude
towards pathogenesis of scoliosis, there is no doubt
that etiologic factors cause disturbances in the static
balance of the vertebral column.

The following factors are necessary for a
proper function of the respiratory system: the regu-
lar shape and compliance of the chest, regular lung
elasticity, regular resistance of the respiratory tract,
and proper function of respiratory muscles. During
respiration, the major work is performed by the
inspiratory muscles, while the expiratory muscles
are recruited during forced respiration. However,
both groups of muscles keep an active tension dur-
ing the whole respiratory cycle. The main inspira-
tory muscle is the diaphragm. The internal intercos-
tal muscles, and other muscles of the chest and
abdomen assist during the expiration. The external
intercostal muscles are inspiratory, but are also
active during abdominal press and during fixation
of the chest [15, 24].

Disturbances of statics and bone symmetry of
the chest during the idiopathic scoliosis augment
changes in mobility of costovertebral joints and as
consequence lead to alterations of ribs’ position
during respiration. At the same time intercostal
spaces change together with the activity of intercos-
tal muscles. This in turn causes a decrease of force
of the remaining respiratory muscles and contrib-
utes to disorders in spatial relations among bronchi,
bronchioles and pulmonary alveoli. These changes
are of great importance for their expansion and
ventilation [13, 23, 27].

In parallel with a child’s growth, develop-
ment of the chest becomes irregular, leading in
some cases to a lower mobility of its one half. This
may be accompanied by the additional activity of
the neck and arm muscles. The above mentioned
changes are responsible for the restrictive ventila-
tory insufficiency what may result in development
of the cor pulmonale ina proportion of patients
[5, 14].

Conservative treatment is sometimes insuffi-
cient. The standard treatment of the idiopathic
scoliosis is mainly posterior vertebral arthrodesis
after previous correction and stabilization of a cur-
vature with Harrington’s instruments. However, the
Cotrel-Dubousset (CD) method was the first con-
sidering a possibility to correct scoliosis in three
planes. The multisegmental fixation and better sta-
bilization protect the majority of patients from the
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postoperative immobilization [7, 8, 9, 12]. In avail-
able literature referring to the correction with the
CD method, improvement of spirometric parame-
ters immediately after the operation has been re-
ported [20].

Motor rehabilitation and respiratory exer-
cises, likewise surgical treatment, restrain general
pathological changes coinciding with the idiopathic
scoliosis and improve the exercise tolerance and
respiratory capacity of patients.

The aim of the study was to investigate ventilatory

disorders and the functional efficiency of the respi-

ratory system in patients with the idiopathic scolio-

sis by determination of:

— ventilatory parameters

— the influence of the four-weeks rehabilitation
under conditions of hospital care.

METHODS

The study was performed on thirty 13-19
years old girls with the idiopathic scoliosis, one and
a half year after surgical treatment with the CD
method.

The extended spirometric measurements to
determine the efficiency of the respiratory system
were made in the Hospital of Lung Diseases and
Tuberculosis in  Ludwikowo, by the ABC
PNEUMO PC apparatus with the Microsoft
PNEUMO PC software compatible to Windows 95 TM.
The investigations were made before the four-
weeks rehabilitation camp and after its completion
in the spirometric laboratory, by the same person,
under identical conditions: temperature 25°C,
humidity 65°C, pressure 985 HPa. The mean values
were calculated from three successive measure-
ments.

The obtained results were analyzed by com-
parisons with values attributed to age, height and
gender. The following parameters were determined:
the forced ventilatory capacity (FVC), the inspira-
tory vital capacity (VC In), the expiratory vital
capacity (VC Ex), the minute volume of ventilation
(MV), the forced expiratory volume in one second
(FEV,), the maximal expiratory flow (MEF), 25%,
50%, 75% of the forced expiratory capacity (FVC),
the FEV.J/FVC ratio, the peak expiratory flow
(PEF), and the maximal voluntary volume (MVV).
In the paper, however, only selected parameters
were presented.

On the basis of the obtained physiological
parameters, a load to reach the ventilatory threshold
was determined in the girls under the study. These
values were used for realization of the rehabilitation
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process. The endurance training on the cycloer-
gometer was performed 3 times a week for 40 min-
utes, with a 5-minutes warm-up, 30 minutes of
exercise with a previously determined threshold
load, and a 5-minutes exercise without a load.

Moreover, respiratory exercises directed to-
wards the effective expiration were performed
every day for 30 minutes. They consisted of exer-
cises mobilizing the chest, increasing expiration,
increasing respiratory movements of lower ribs,
mobilizing upper parts of the chest, exercises of the
diaphragmatic respiration, and of the abdominal
respiration.

Additionally, 45-minutes general exercises
were performed every second day and girls were
swimming in a pool for 45 minutes, once a week.

The analyzed parameters were described
with the arithmetic means, minimum and maximum
values, and standard deviations. The Shapiro-Wilk
test was used to assess the regular distribution. For
comparisons of differences before and after the
rehabilitation, Student’s t-test for combined
variables was used when compliance with the regu-
lar distribution was confirmed. Otherwise, non-
parametric Wilcoxon’s test was used. Values at
p < 0.05 were considered as statistically significant.
All calculations were made with the use of the
STATISTICA for Windows 5.5 program.

RESULTS

The positive influence of the rehabilitation
process on the ventilatory parameters was observed
in girls with the idopathic scoliosis after the correc-
tion. The vital capacity of the lungs increased from
2.869 to 3.036 I (p<0.05), though it was lower than
regular, either before or after the rehabilitation
camp. Analogical changes were revealed in values
of the forced expiratory volume in one second.
Before the rehabilitation period it amounted to 2.49,
while after the rehabilitation 2.75 | (p<0.01). Both
results were lower than suitable values amounting
to 3.15 and 3.10 I, respectively.

The FEV4/VC index, previously known as
the Tiffeneau test, characterizing obturatory
changes in girls with the idiopathic scoliosis, was
not decreased neither before nor after the rehabilita-
tion camp, what indicates absence of symptoms of
the bronchial stricture in the studied patients.

The peak expiratory flow slightly increased.
Before the rehabilitation it amounted to the mean
5.66 I/s, and after the rehabilitation 5.82 I/s, what
makes 82.3 and 85.2% of suitable values, respec-

tively (no statistically significant differences were
found).

Similar results were obtained for the maxi-
mal voluntary ventilation (MVV) in the girls inves-
tigated. Mean values of MVV before the rehabilita-
tion were 60.7%, while after the rehabilitation
68% in relation to suitable values (p<0.05). Abso-
lute values of the MVV, amounted to 75 I/min and
83.2 I/min, respectively (p<0.05).

During the period of the study, no severe
ventilatory disorders and no considerable decrease
of the vital capacity were observed. As an effect of
the rehabilitation program, number of girls with the
medium and small impairments of ventilation de-
creased, while number of girls with regular values
of the ventilatory parameters increased from 13 to
20. This positive tendency was also noted for the
forced expiratory volume in one second. After the
rehabilitation, number of girls with regular values
of this parameter increased from 17 to 26. More-
over, no disorders of the high degree were observed
after the rehabilitation. The rehabilitation exercises
led to the increase of the peak expiratory flow in
the girls investigated. As a result, no severe im-
pairments were determined in the second term of
the study, and number of patients with regular
values of this parameter increased from 17 to 20.

Values of the maximal minute voluntary ven-
tilation were also positively changed. Number of
girls with considerable impairments of this parame-
ter decreased from five to one, and number with
regular minute ventilation of the lungs increased
from three to five.
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Figure 1. Structure of the vital capacity (VC) impairment
in patients with the idiopathic scoliosis, before

and after the rehabilitation, as a ratio of the
measured to suitable values, in percents
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After rehabilitation

Figure 2. Mean values of the lung vital capacity (VC)
in patients with the idiopathic scoliosis
before and after the rehabilitation, % of
suitable values
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Figure 4. Mean values of the forced expiratory volume in
one second (FEV;) in girls with the idiopathic
scoliosis before and after the rehabilitation,

% of suitable values
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Figure 6. Structure of the peak expiratory flow (PEF)
impairment in girls with the idiopathic scolio-
sis before and after the rehabilitation, as a ratio
of the measured to suitable values in percents
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Figure 3. Structure of the forced expiratory volume in one

second (FEV,) in girls with the idiopathic scoliosis
before and after the rehabilitation, as a ratio of
the measured to suitable values, in percents
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Figure 5. The percentage index of the forced expiration

(FEV1/VVC), in patients with the idiopathic
scoliosis before and after the rehabilitation

Figure 7. Mean values of the peak expiratory flow (PEF)
in patients with the idiopathic scoliosis before
and after the rehabilitation, % of suitable
values
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[ After rehabilitation

[ Before rehabilitation

20| p< 0.05
151

Number ;|
of cases

5

=

0 T .
<50% 50%-60% 60%-80% > 80%

MVV %

Figure 8. Structure of the maximal voluntary

ventilation (MVV) impairment in girls with

the idiopathic scoliosis before and after

the rehabilitation, as a ratio of the measured

to suitable values, in percents

DISCUSSION

Structural scoliosis causes changes not only
in individual vertebrae but also of the whole verte-
bral column and are always accompanied by its
rotation along the long axis. This leads to the chest
deformity with impairments of respiratory and
circulatory functions [30, 32]. Depending on the
angle of the scoliosis, pressure exerted on the lung
may completely exclude it from respiration causing
fibrosis. The lung on a concave side compensates
loss by emphysematous changes. As a result, the
vital capacity decreases and the image of the cor
pulmonale is observed [1, 5, 32]. The displacement
of the heart, mediastinum and large vessels exerts
pressure on internal organs, and as a conseguence
algetic disturbances of ventilation, circulatory dis-
orders and considerable decrease of the physical
capacity [25, 28].

The Cotrel-Dubousset (CD) method has
appeared to be the first that considered a possibility
to correct scoliosis in three planes. The multiseg-
mental fixation and a better stabilization have pro-
tected the majority of patients from the postopera-
tive immobilization [7, 9]. There is no unequivocal
answer to the fundamental question, whether recon-
struction of regular vertebral curvatures influences
on the functional improvement of either the respira-
tory or circulatory systems, and on the overall
physical efficiency. It is also not known if it pre-
vents circulatory-respiratory insufficiency in the
future [17, 20].

In our research study, performed on children
with the idiopathic scoliosis, 16 years old at the
average, we have indicated that one and a half year

p <0.05

After rehabilitation

Figure 9. Mean values of maximal voluntary ventilation
(MVV) in patients with the idiopathic
scoliosis before and after the rehabilitation,

% of suitable values

after the surgery ventilatory parameters may be
improved by a four-weeks rehabilitation camp. In
girls below 16 years old, parameters of physical
capacity increase up to the top during the puberty
period, and later interpersonal differences may be
observed depending on the level of physical
activity. We have revealed the profitable influence
of physical rehabilitation on ventilatory parameters
which, according to several authors, are generally
worse in patients in comparison to healthy people at
the same age. This is undoubtedly caused by a
weakness of respiratory muscles, the displacement
of internal organs in the chest, the mediastimum
and the large vessels, as well as deformations of
pulmonary tissue [1, 3, 11].

In the presented material, the impairment in
the vital capacity (VC) was noticed in 59.4% of
cases, however, after the rehabilitation it was ob-
served only in 34.5%, while the vital capacity in-
creased in subjects under the study by 5.69%,
which appears to be a satisfactory result. It has been
confirmed that in patients with the idiopathic sco-
liosis prevail ventilatory changes evoked by the
decrease of the lung volume and the chest capacity
as well as the decrease of the heart and chest
mobility, either before or after surgical operation
[2, 5, 22]. Contrary to few other authors, no cases
of obturatory changes have been observed before or
after the rehabilitation camp [17, 18, 21].

The peak expiratory flow would seem to be a
more sensitive index, however, the present results
have not confirmed this supposition. Mean values
of PEF before and after the rehabilitation only
slightly changed, from 82.35% to 85.23% of the
suitable values, respectively. Values of the maximal
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voluntary ventilation (MVV) were impaired in

88.9% of the girls investigated before the rehabili-

tation and slightly increased (by 5.6%) after its

completion.

Studies concerning views on the respiratory
capacity in patients with scoliosis most frequently
stress on the decrease of this capacity, sometimes to
a high degree, until the development of the cor
pulmonale, though only over 40 years of life [1, 5,
6]. The vertebral deformity, in spite of unprofitable
changes, not always leads to considerably high
disorders of the respiratory functions and no corre-
lations between the angle of a curvature and
impairments of ventilation have been established
[18, 34].

Numerous investigators indicate that the
rehabilitation positively influences ventilatory pa-
rameters, however in a longer time perspective its
significance decreases [20, 21].

On the basis of the described results of the
study, one may conclude as follows:

1. The decrease of the ventilatory indices with
respect to suitable values has been revealed as
disturbances of a restrictive type in girls with
idiopathic scoliosis, 1.5 years after the surgical
treatment with the CD method.

2. No obturatory disorders have been revealed
before or after the rehabilitation camp.

3. The rehabilitation program applied during the
four-weeks camp, comprised of the physical
training and respiratory exercises leads to:

a. the increase of the vital capacity,

b. the increase of the forced expiratory
volume in one second,

c. the increase of the maximal voluntary
ventilation, what indicates the improvement
of the ventilatory parameters.

One may suppose that systematic rehabilita-
tion in girls with the idiopathic scoliosis under
conditions of a rehabilitation hospital or a sanato-
rium may prevent intensification of ventilatory
disorders.
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