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ABSTRACT

Objectives: This study investigates the chest wall motions and estimates respiratory volumes in
a patient with scoliosis compared to a healthy person using the optoelectronic plethysmography
method in a sitting position.

Methods: In this research, a scoliosis patient and a healthy individual comprised two subjects.
Each person’s upper, middle, and lower chest movement in a seated position was measured
using optoelectronic plethysmography.

Results: The changes in respiratory volumes of the middle and lower parts of the chest in
patients with scoliosis are more than those of a healthy person during quiet breathing.
Moreover, the changes in the upper, middle, and lower parts of the chest in the healthy person

Keywords:
are also more than those of the subject with scoliosis during deep breathing.

Scoliosis, Chest wall

motion, Respiratory
volume, Optoelectronic
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Discussion: Optoelectronic plethysmography is a noninvasive method to evaluate chest
wall movements, respiratory system function, and volumes with fewer limitations than other
methods of evaluating respiratory function.
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Highlights

e This study demonstrates familiarity with applying the optoelectronic plethysmography method to measure chest
wall motions and estimate respiratory volume in scoliosis patients.

e This study is a preliminary comparison of the respiratory volume of patients with scoliosis and healthy people.

Plain Language Summary

Scoliosis is a spinal deformity that can affect respiratory function, including respiratory volumes and chest move-
ments. One of the methods to measure chest wall movements and estimate respiratory volumes is optoelectronic
plethysmography. In this study was tried to measure these two factors in sitting position in patients with and without
Scoliosis using the optoelectronic plethysmography. It was found out that the changes in respiratory volumes of the
middle and lower parts of the chest in patients with scoliosis are more than those of healthy people during quiet breath-
ing. Moreover, the changes in the upper, middle, and lower parts of the chest in healthy people are more than those of

people with scoliosis during deep breathing.

Introduction

coliosis is a three-dimensional spine de-

formity characterized by lateral deviation

from the normal vertical direction [1, 2].

Scoliosis may occur at any age, without a

known cause (idiopathic) or with a known
cause [2]. Thoracic spine involvement alone or with
the lumbar spine is the primary cause of respiratory or
cardiovascular problems [3]. Based on the studies, sco-
liosis affects respiratory function, including respiratory
volumes, chest movements, respiratory muscle strength,
respiratory patterns, and respiratory system function dur-
ing exercise and sleep [2, 4-6].

Scoliosis can cause respiratory disturbances and asym-
metry in the chest wall on concave and convex sides.
Trunk deformity limits chest mobility, which reduces
breathing volume [4].

Regarding the complexity of the relationship among
the spine, sternum, and ribs, the displacement and rota-
tion of vertebrae in scoliosis affect the shape of the chest
and cause convexity and concavity. Lung inflation will
be asymmetrical because the transverse and anteropos-
terior dimensions of either side of the thorax are sub-
stantially different. Furthermore, since the ribs are mov-
ing, the chest cavity cannot expand as much as it would
otherwise [7].

Various methods can be applied to assess breathing. In
particular, spirometry and measuring ventilation gases
using a spirometer for measuring respiratory volume

are commonly employed. Considering the limitations of
these methods, such as using masks and nasal clips and
the limitations of use in various conditions, the optoelec-
tronic plethysmography (OEP) method was described as
a simple and non-invasive method to measure chest mo-
tions and to estimate respiratory volumes [7]. In a study
performed by Kotani on chest analysis and diaphragm
movements via breathing dynamic magnetic resonance
imaging in idiopathic scoliosis patients, it was concluded
that chest movements were significantly limited. How-
ever, diaphragm movement was normal, and there were
correlations between respiratory movements and pulmo-
nary functional tests [5].

In a study conducted by Jones that used the helium
dilution closed-circuit technique and the belt restriction
method on the mechanical chest inefficiency in people
with scoliosis, it was concluded that vital capacity, forced
expiratory volume in one second, gas transfer factor, and
the maximum static expiratory airway pressure was sig-
nificantly reduced. The forced inspiratory pressure and
total lung capacity were lower in abnormal individuals
[8]. Respiratory parameters can be measured using mo-
tion capture systems by placing photo-reflect markers on
the chest wall [9].

The OEP method was introduced as a valid method for
chest kinematic analysis which is divided into different
parts in different positions [10]. The validity of OEP has
been evaluated in healthy subjects in sitting and standing
conditions with the protocol of 89 markers in different
laboratory conditions (for example, during quiet breath-
ing and exercise). The maximum difference between
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Figure 1. Three compartments of chest [12]

spirometry and OEP is <4% in all the studies reported.
Inter-rater and intra-rater reliability for the OEP method
at rest and during moderate-intensity exercise on the er-
gometer was checked, and it was seen that the intra-class
correlation coefficient was >0.75 and the coefficient of
variation was less than 10% [11].

Aliverti et al. measured the changes in respiratory vol-
umes using the OEP method in supine and prone posi-
tions in normal subjects. They reported that in the supine
and prone positions, most of the chest volume changes
were distributed in the abdominal part [10].

Chest kinematic evaluation during breathing and eval-
uations of thoracoabdominal volumes in clinical work
and scientific studies allow us to study different diseases
from multiple perspectives and to use more appropriate
and direct treatment in rehabilitation [7]. This method
was used in different positions in healthy people [10].
Accordingly, this study estimates respiratory volumes in
scoliosis patients sitting.

Case Presentation
Study population

Two subjects were recruited, including a healthy per-
son and a person with scoliosis. The inclusion criteria
were age between 10-20 years, body mass index (BMI)
between 18-30 kg/m? and a Cobb angle >20 degrees for
scoliosis. Meanwhile, the exclusion criteria included a
history of spinal and chest injuries, and respiratory dis-
ease, any surgery for orthopedic disease or scoliosis, a
history of pulmonary or neuromuscular disease, or the
inability to perform the test correctly. The scoliosis sub-
ject was selected from patients referred to Namazi Hos-
pital in Shiraz City, Iran.
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The healthy person was selected, matching the scolio-
sis person based on BMI, height, weight and age.

The subjects were explained the evaluation procedure
before the test and signed an informed consent form.

The subjects were requested to sit comfortably and
motionlessly for 30 s after providing basic demographic
information, calibrating the assessment site, attaching
markers to the subject’s trunk and positioning the sub-
ject’s hands comfortably on both sides of the subject’s
trunk and the thighs. This process was implemented for
quiet breathing as well as deep breathing.

Experimental protocol instrumentation

A total of 89 passive spherical photo-reflective markers
with a diameter of 9 mm were placed on the trunk by
double-sided adhesive (42 markers on the anterior sur-
face, 37 markers on the posterior surface and 10 markers
on the lateral surfaces of the trunk). The insertion pattern
of markers was based on chest analysis studies conduct-
ed in the past [9].

Each marker was followed by motion analysis camer-
as, including eight high-speed cameras with a frequency
of 120 Hz in 3D space. As shown in Figure 1, the chest
is divided into three compartments: The upper thoracic
compartment, the lower thoracic compartment and the
abdominal compartment. It is assumed that the sum of
compartment volumes equals the total volume of the
chest.

Data analysis

The overall and compartmental volumes were achieved
by importing the 3D movement of markers collected
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Table 1. Differences in the volume of oxygen
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Quiet Breath (L) Deep Breath (L)

Variables
Scolios
Total
Normal
Scolios
Upper
Normal
Scolios
Middle
Normal
Scolios
Lower
Normal

0.5 0.466667
0.38 0.96
0.15 0.3

0.106667 0.446667
0.110333 0.157
0.059 0.382
0.274333 0.2475
0.308667 0.478667

by QTM and then importing them into the MOKKA
software. Then, the data was entered into MATLAB
software, and the final results were obtained. The geo-
metric model made by MATLAB code was created by
connecting eight numbers of passive markers and form-
ing a polyhedron and was used to measure pulmonary
volumes. The total of the polyhedron volumes inside
each compartment served as the basis for calculating the
volume of each compartment. Each respiratory cycle’s
maximum and lowest volumes were determined, and the
discrepancies between them show volume changes dur-
ing intake and exhalation.

Results

The healthy person was 15 years old, with a height of
165 cm and a weight of 68 kg (BMI=25 kg/m?) and the
person with scoliosis was 17 years old, with a height of
167 cm and a weight of 63 kg (BMI=22.6 kg/m?) and
with a Cobb angle of 60 degrees. As shown in Table 1,
it can be seen in the sitting position in the quiet breath-
ing in a person with scoliosis except in the lower part of
the trunk (0.274333 vs 0.308667), total changes in the
respiratory volume and changes in respiratory volume
in other parts of the trunk is slightly more than those of
healthy person (0.5 vs 0.38, 0.15 vs 0.106667, 0.110333
vs 0.059,0.06667,0.110333 vs 0.059). However, in deep
breathing, the change in respiratory volume in each part
of the trunk and the overall change in the respiratory
volume in a person with scoliosis is less than healthy
(0.466667 vs 0.96, 0.3 vs 0.446667, 0.157 vs 0.382,
0.2475 vs 0.478667).
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Discussion

This study investigated respiratory output by OEP in a
sitting position in a person with scoliosis and compared
it with that of a healthy person. Comparing the results of
the study of a healthy person data with scoliosis shows
that the changes in the respiratory volume of a scoliosis
person in respiration except in the lower thoracic com-
partment in other compartments are more significant and
are more than those of the healthy person. Moreover, the
changes in respiratory volume in deep breathing in a
healthy person are more in all compartments and overall
than those of the patient with scoliosis.

Based on the results, the rate of respiratory volume
changes in the upper and middle parts of the chest is
higher in the person with scoliosis than those the normal.
The person’s reduced reliance on diaphragmatic breath-
ing considered the typical condition of breathing, may
be linked to the cause of these additional modifications.
Considering spinal and non-symmetrical abnormalities
of ribs in persons with scoliosis, as well as lack of proper
functioning of respiratory muscles in people with scolio-
sis, which was proven in studies [13]. People with sco-
liosis use compensatory mechanisms in respiration, such
as rib breathing and this is probably why changes in the
volume of the upper parts of the ribs are more common
in people with scoliosis than in healthy people.

In people with scoliosis, in terms of trunk deformation,
the space between the ribs on the convex and concave
sides of the spine is subsequently changed and some in-
tercostal respiratory muscles are strained and others are
shortened. This change in muscle length and non-sym-
metry can affect their function and cause changes in the
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volume of the upper chest parts of people with scoliosis
compared to healthy people [3].

By comparing the changes in the respiratory volume
in different parts of the trunk in a healthy person and a
person with scoliosis, despite the greater dependence of
a person with scoliosis on rib breathing than the healthy
person, the rate of changes in the chest volume in the
lower part related to diaphragm breathing in both indi-
viduals is more than the changes in the upper and middle
parts of the chest. These findings may show that dia-
phragmatic breathing is superior to rib breathing despite
the altered respiratory patterns of a person with scoliosis
and their increased reliance on rib breathing than healthy
persons. In other studies, it was observed that despite the
differences in the chest volume in people with scoliosis
compared to healthy people, diaphragm movements in
both groups are not significantly different [14].

Despite higher maximum respiratory volume in the
healthy person in quiet breathing, the changes in respi-
ratory volume are more significant in the person with
scoliosis. One of the possible reasons to justify this dif-
ference is the presence of motion restriction in the chest
of the scoliosis subject; consequently, chest expansion
is lower, and finally, with less respiratory volume and
the difference in rhythm and respiratory pattern, changes
in the respiratory volume of people with scoliosis are
more than those of healthy people. Furthermore, due to
the lower total lung capacity in people with scoliosis [8],
they are likely to use deeper breathing to access suffi-
cient amounts of oxygen and therefore changes in their
respiratory volume are more than those of healthy people
[15].

The analysis of chest movement is essential for the bio-
mechanical assessments and interaction between mus-
cles and structural components of the respiratory system
or for examining respiratory strategies.

Besides, since many diseases, such as neuromuscu-
lar and musculoskeletal disorders (muscular dystrophy,
spinal diseases, and scoliosis), cause chest movement
abnormalities, such analysis can be a valuable tool for
diagnosing and measuring the complications of these
diseases.

In the past, various tools, such as linear differential
transducers, mercury-in rubber strain gauges, magne-
tometers, and respiratory inductive plethysmography
were used to check the movement of the rib, chest, and
abdomen [16]. Although in studies, reports on the valid-
ity and easy efficiency of chest and abdominal move-
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ment assessment were expressed by RIP and MSG sys-
tems, 3D changes in the chest cannot be measured using
these methods. Moreover, their application is limited to
the correct calibration. Several researchers have reported
that using these systems without proper calibration was
associated with errors. Additionally, in the clinical sys-
tem, in terms of poor patient cooperation, calibration is
complex, and these methods of measuring the 3D vol-
ume change of the chest are not suitable [16].

OEP was introduced in studies as a method used in dif-
ferent protocols to evaluate chest changes and measure
and analyze respiratory volume in healthy people in dif-
ferent positions [17]. The optoelectronic system for the
motion analysis of a large number of reflective mark-
ers attached to the body was described by Ferrigno and
Pedotti a few years ago [17].

This system can detect small chest movements dur-
ing breathing with high accuracy. Experimental proto-
cols and computational methods of data obtained from
optoelectronic systems were successfully developed to
obtain changes in chest volume and its different compo-
nents via optical measurements of the displacement of
points on the outer surface of the chest [16, 18]. This
method offers an accurate and reliable estimation of
absolute volumes and changes in those volumes during
breathing, according to several experiments carried out
under various circumstances.

The technique (optoelectronics) measures changes in
chest volumes without masks or nasal clips or any re-
strictive connection to the patient or restrictions on chest
freedom of movement during breathing and can evaluate
and estimate respiratory volume changes by modeling
the surface of thoracoabdominal with a large number of
selected anatomical landmarks. One of the advantageous
features of the optoelectronic method is the division of
chest volume into different compartments. If the left and
right parts of the chest are asymmetrical or the function
of the respiratory muscles is not symmetrical, the opto-
electronic method can measure the expansion of the left
and right parts of the chest [16].

The new marking method, the lack of airway constraints
compared to conventional techniques of assessing respi-
ratory volumes, and the ability to examine the subject
in various contexts while engaging in various physical
activities are the benefits of this research. Considering
the advantages of the optoelectronic method compared
to other respiratory system evaluation methods and the
differences seen in these two cases, it is suggested to use
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this method in a larger society to prove meaningfulness
and achieve more accurate results.

Conclusion

The results of comparing the respiratory volumes of a
person with scoliosis with a healthy person through the
optoelectronic method show that the rate of changes in
the respiratory volumes in the middle and lower parts
of the chest with scoliosis is higher than in the healthy
person. Moreover, the rate of changes in respiratory
volumes in all parts of the chest in deep breathing in a
healthy person is higher than in a person with scoliosis.
OEP can be used without the limitation of movement
and without attachment of the mouthpiece and clamp or
any tool that informs the person of the purposes of as-
sessment, the volume of the chest in total or by different
compartments, and the respiratory output in people with
scoliosis.
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