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ABSTRACT

Background. Multiple Sclerosis (MS) is a chronic autoimmune demyelinating disease. Muscle weakness, tremors,
balance disorders, and gait instability are observed in MS patients. Also, the respiratory muscles' weakness can lead to
decreased respiratory capacity, resulting in pneumonia and acute respiratory failure. Objectives. This study evaluates
thoracic kyphosis angle (TKA) and respiratory functions in MS patients and healthy groups. Methods. The study
consists of 40 patients with MS (mean age of 39£7.89 years, mean height of 167.5 £ 10.19 cm, mean weight of 73.12
+ 14.40 kg) and 41 healthy subjects (mean age of 37.12 + 8.89 years, mean height of 167.9 £ 10.76 cm, mean weight
of 72.7 £ 16.91 kg). Respiratory function tests and TKA measurements were performed. Results. There was a
statistically significant difference between TKA measurements in MS patients and healthy subjects (p < 0.05). The
respiratory function test values in the healthy subjects were also significantly higher than in the MS patients (p < 0.05).
Conclusion. Changes in respiratory function due to muscle weakness and altered posture and TKA in MS patients
should be considered in treatment.
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INTRODUCTION

Multiple Sclerosis (MS) is a chronic,
inflammatory, demyelinating disease of the central
nervous system (1). It affects approximately 2.5
million people in the world (2). MS usually

the disease allows, being physically active is very
important to reduce the occurrence of
comorbidities so that patients with multiple
sclerosis can minimize the loss of their functional

progresses in episodes and subsequently leads to a
progressive degenerative process. As a result, it
severely limits the quality of life of patients and
causes progressive disability. Due to axonal
damage, muscle spasms, tremors, balance
disturbances, gait instability, and fatigue are the
primary motor symptoms observed by MS patients
(3, 4). Motor impairments lead to limited mobility
and low physical activity, resulting in further
disability (3). As much as the clinical condition of
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abilities. The degree of their overall neurological
impairment is assessed using the Expanded
Disability Status Scale (EDSS) (1). The EDSS, the
most commonly used disability scale for MS
patients, provides an effective and reliable
assessment at any disease stage (2). Fatigue,
impaired body control, especially with the
hamstring and quadriceps muscles’ weakness,
cause patients to have gait disturbances, a decrease
in walking speed and stride length, and a decrease
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in postural stability. Muscle weakness also causes
abnormal curvatures of the spine and postural
changes due to decreased upper extremity function
(5). Kyphosis, which is called the thoracic
vertebrae's anterior curvature, is caused by the
structures of their body, the intervertebral disk, and
the paravertebral muscle's strength.

MS Patients with gait disorder have to lean
forward to see their steps, and this can cause
kyphosis anomaly (6). It leads to an increased risk
of falls and fractures, physical dysfunction, and
poor life quality. There are few studies in the
literature examining the relationship between
hyperkyphosis and respiratory function (6). A
2020 study reported increased thoracic kyphosis
angle (TKA) might lead to pulmonary function
limitation (7). Measurement of TKA using a
digital inclinometer is a non-invasive technique
that is also valid and reliable. It can be used for
regular screening (7). The course of progressive
disabilities varies according to the nature and
duration of the disease.

In addition to musculoskeletal and
neurological problems, dysphagia, respiratory
muscle weakness, and resulting respiratory failure
are important causes of mortality in MS patients
(8). Respiratory issues are pretty standard,
especially in the advanced stages of MS.
Aspiration and pneumonia increase morbidity in
more severe stages in half of MS patients (1, 9).
Respiratory workload increases as a result of
impaired lung mechanics. Shortness of breath,
which occurs even in patients with a regular
respiratory function test, can be explained by
decreased respiratory muscle strength in patients.
It has been reported that functional exercise
capacity is lower in MS patients (8). Monitoring
of respiratory function tests in MS patients is
essential to determine the progression of the
disease. It has been reported that disturbances in
respiratory dynamics become apparent, especially
during physical exertion in further stages MS
patients. In these cases, the impaired respiratory
function has severe implications for morbidity
and mortality. It has been reported that the cause
of death is pneumonia and influenza in 20% of
MS patients under 50 years of age (8, 9).
Moreover, the number of studies on the impact of
early respiratory function in the literature is
limited, and prevalence data are insufficient (9,
10). Although there are studies in the literature
that evaluate MS patients' pulmonary functions,
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our study is a new study that assesses MS patients'
respiratory functions along with the thoracic
kyphosis angle measured by a digital
inclinometer.

MATERIALS AND METHODS

Research Method and Ethical
Consideration. This study was conducted
between August 2018 and December 2019 in the
Neurology Clinic of Dr. Burhan Nalbantoglu
State Hospital. In the study, pulmonary function
tests were performed, and TKA was measured in
the patients and the control group. The study's
ethics committee approval was obtained from the
Scientific Research and Publication Ethics Board
of Dr. Burhan Nalbantoglu State Hospital (dated
20.06.2018 and decision number 2018 / 25-12).

Participants. Considering that the samples
could be excluded from the study for various
reasons, 50 cases were reached for the task. Ten
MS patients were not included in the study. Of the
patients who came, six could not fulfill the
requirements  (they were smokers, had
neurological, orthopedic, or chronic diseases such
as heart failure and respiratory problems, were
pregnant, or did not agree to participate), and 4
had an EDSS above 6. Forty patients diagnosed
by the neurologist as having the relapsing-
remitting type of MS according to the McDonald
diagnostic criteria were included. Patients were
non-smokers with oxygen saturation scores above
95 and with EDSS scores of 0-5, aged between 18
and 55. Forty-one healthy non-smoking
volunteers with similar physical characteristics
were also included.

Tolls and Measurements. After the
neurologist's neurological examination, the
respiratory physiotherapist and the anatomist
performed the anthropometric and clinometric
evaluations of the spine and respiratory
functions. Pulmonary function tests including
forced vital capacity (FVC), expired air volume
in the first second of forced expiration (FEV1),
FEV1 / FVC, peak expiratory flow (PEF), and
forced expiratory flow between 25% and 75% of
vital capacity, FEF25-75 were evaluated using
percentages. Participants’ TKA measurements
were obtained using two digital inclinometer
devices (Baseline® Digital Inclinometer).
Participants were asked to keep both lower
extremities in the same position, arms in a free
and natural position, and look forward
comfortably. The spinous process of C7 was
determined by palpation while the participants'
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heads were placed in the flexion position, and T1
was identified below the spinous process. The
spinous process of T12 was marked by palpation
upward from the fifth lumbar vertebra. TKA was
measured by attaching one end of the dual digital
inclinometer to T1 and T12. The value seen on
the screen of the digital inclinometer was
recorded. The average of three measurements
taken by the same investigator was defined as
TKA. The anthropometric parameters shown in
Table 2 were measured using digital equipment
and a flexible ruler. All subjects were informed
of all details of the study procedures and
completed a written informed consent form
before the evaluations.

Study Protocols. MS patients were divided
into two groups: Group | corresponding to mild
MSS (EDSS or = 2.5), Group Il corresponding to
moderate MSS (EDSS 2.5-5). The data of the two
groups were compared with each other as well as
with the control group.

Statistical Evaluation. Statistical Package for
Social Sciences (SPSS) software version 25 and
independent t-test were used for data analysis at
the significance level of p < 0.05.

RESULTS

The study consists of 40 patients with MS
(mean age of 39+7.89 years, mean height of
167.5+£10.19 cm, mean weight of 73.12+14.40
kg), and 41 healthy subjects (mean age of
37.12+8.89 years, mean height of 167.9+10.76
cm, mean weight of 72.7 £16.91 kg). In our study,
conducted on 28 women (70%) with MS and 29
healthy women (70.73%), 27.5% were under the
age of 30, 22.55% were between the ages of 30-
39, 35% were between the ages of 40-49, 15%
were in the age group of >50 years (Table 1-2). It
was evaluated that 47.5% of MS patients included
in group I, and 52.5% of them were evaluated in
group Il (Figure 1). The duration of the disease in
MS patients was found as 8.75+6.23 (min-max:1-
25) years, 35% of the MS patients included in the
study had a 10-year disease period and above,
while 65% had a disease duration of 10 years or
below (Figure 2).

There was a statistically significant difference in
the anthropometric measurements only in chest
circumference of MS patients and the healthy group
(98.23 cm vs. 94.17 cm, respectively, p < 0.046).
The rest of the anthropometric measurements of MS
patients and the healthy group were found to be
statistically similar (Table 2).

= 2.5 Above 2.5 and Below

0.52

Figure 1. Distribution of MS patients by EDSS scores
Group I: EDSS <or=2.5
Group Il: EDSS above 2.5

= 10 Years Above = 10 Years and Below

0.65

& -

Figure 2. Distribution of MS patients by disease duration

The respiratory function test results were
higher in a healthy group with statistically
significant (p < 0.05). The TKA measurements of
MS patients were significantly higher than those
of the healthy volunteers (Table 2).

The TKA and pulmonary function test results
in Group | MS patients and healthy subjects were
compared. It was found that TKA values of Group
| patients were statistically significantly higher
than healthy individuals (41.56° vs. 35.70°,
respectively, p = 0.003). In the comparison of
respiratory functions of Group | MS patients and
healthy volunteers, the FEV1/FVC (%) of the
healthy volunteers were significantly higher than
Group | MS (84.63% vs. 80.28% respectively, p =
0,021) (Table 3). In the comparison of Group Il
MS and healthy individuals, it was detected that
there was a statistically significant difference
between the values of FVC (L) (%) FEV1 (L) (%),
FEV1/FVC (%) (measured), PEF (L/s) (%), FEF
25-75(L/s) (%) (p < 0.05). The respiratory
functions mentioned above of healthy volunteers
were high, but the TKA measurement value was
low (Table 3). Also, when Group | and Group Il
MS patients' pulmonary function tests were
compared, it was found that the values of Group |
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were statistically significantly higher than Group measurements were significantly higher in Group
I, except for FEV1 / FVC. The TKA I MS than in Group | MS (Table 3).
Table 1. Demographic data of MS patients and healthy volunteers
MS (n=40) Healthy (n=41)
n % n %
Gender
Female 28 70.00 29 70.73
Male 12 30.00 12 29.27
Age (year)
<30 11 27.50 10 24.39
30-39 9 22.50 15 36.59
40-49 14 35.00 9 21.95
50 > 6 15.00 7 17.07
Table 2. Comparison of anthropometric measurements of MS patients and healthy volunteers
Group No. Mean = SD min max p
Height (cm) 1.000
MS 40 167.55 £ 41.00 145.00 190.00
Healthy 41 167.90 £ 41.00 150.00 189.00
Weight (kg) 0.913
MS 40 73.13+41.29 50.00 100.00
Healthy 41 72.71 + 40.72 46.00 120.00
BMI (kg/m?) 0.603
MS 40 26.04 +42.38 18.37 40.57
Healthy 41 25.67 + 39.66 19.10 37.87
Neck circumference (cm) 0.222
MS 40 35.25 +44.23 29.00 43.00
Healthy 41 34.02 £ 37.85 27.00 44.00
Shoulder circumference (cm) 0.321
MS 40 104.34 + 43.63 87.00 121.00
Healthy 41 103.29 + 38.44 86.00 132.00
Chest circumference (cm) 0.046*
MS 40 98.23 +46.29 80.00 116.00
Healthy 41 94.17 + 35.84 70.00 120.00
A fathom length (cm) 0.795
MS 40 169.14 + 41.69 148.00 190.00
Healthy 41 168.73 + 40.33 147.00 190.00
*p < 0.05. Mann-Whitney U test was used
Table 3. Respiratory functions and TKA relation of healthy group and patients with MS
Group n Mean + SD Min Max p
FVC (L) (%0) 0.008*
MS 40 90.15 + 33.96 49.00 116.00
Healthy 41 97.98 +47.87 69.00 133.00
FEV1 (L) (%) 0.001*
MS 40 87.13 +32.23 55.00 109.00
Healthy 41 96.41 + 49.56 75.00 137.00
FEV1/FVC (%) (measured) 0.001*
MS 40 79.50 + 31.89 69.00 90.00
Healthy 41 84.63 +49.89 72.00 99.00
PEF (L/s) (%) 0.022*
MS 40 78.50 + 34.95 29.00 115.00
Healthy 41 88.02 + 46.90 65.00 121.00
FEF25-75 (L/s) (%) 0.001*
MS 40 74.40 = 32.30 33.00 117.00
Healthy 41 89.05 +49.49 38.00 135.00
TKA 0.000*
MS 40 46.13 +55.64 28.70 59.00
Healthy 41 35.70 £ 26.72 22.30 49.20

*p < 0.05. Mann-Whitney U test was used. TKA: thoracic kyphosis angle



Thoracic Kyphosis Angle of Patients with Multiple Sclerosis

Table 4. Comparison of respiratory functions and TKA angle of the Group | MS patients and healthy volunteers

n % Min Max p
FVC (L) (%) 0.453
Group | 21 96.00 82.00 116.00
Healthy 41 97.98 69.00 133.00
FEV1 (L) (%) 0.369
Group | 21 93.78 74.00 109.00
Healthy 41 96.41 75.00 137.00
FEV1/FVC(%)(measured) 0.021*
Group | 21 80.28 69.00 88.00
Healthy 41 84.63 72.00 99.00
PEF (L/s) (%) 0.699
Group | 21 88.61 54.00 115.00
Healthy 41 88.02 65.00 121.00
FEF 25-75(L/s) (%) 0.303
Group | 21 84.06 62.00 117.00
Healthy 41 89.05 38.00 135.00
TKA 0.003*
Group | 21 41.56 28.70 59.00
Healthy 41 35.70 22.30 49.20

*p < 0.05. Mann-Whitney U test was used. TKA: thoracic kyphosis angle. Group |: EDSS < or = 2.5

Table 5. Comparison of respiratory function and TKA of the MS patients in Group Il and healthy volunteers

n % Min Max p
FVC (L) (%) 0.001*
Group Il 19 96.00 82.00 116.00
Healthy 41 97.98 69.00 133.00
FEV1 (L) (%) 0.000*
Group Il 19 93.78 74.00 109.00
Healthy 41 96.41 75.00 137.00
FEV1/FVC (%)(measured) 0.001*
Group Il 19 80.28 69.00 88.00
Healthy 41 84.63 72.00 99.00
PEF (L/s) (%) 0.000*
Group Il 19 88.61 54.00 115.00
Healthy 41 88.02 65.00 121.00
FEF 25-75(L/s) (%) 0.000*
Group Il 19 84.06 62.00 117.00
Healthy 41 89.05 38.00 135.00
TKA 0.000*
Group Il 19 41.56 28.70 59.00
Healthy 41 35.70 22.30 49.20

*p < 0.05. Mann-Whitney U test was used. TKA: thoracic kyphosis angle. Group 11: EDSS above 2.5

Statistically, a significant difference was
detected in the comparison of anthropometric
measurements (weight (kg), BMI (kg/m2), the
circumference of the neck, shoulder, and chest,
fathom length) of Group | and Group Il MS
patients (p < 0.05). The average values of these
anthropometric measurements of Group | of MS
were significantly higher than the average of
those of patients in Group Il of MS (Table 4).

Pulmonary function test results of the MS
patients were compared by dividing them into two
groups as patients with TKA values of 400 and
below and patients with TKA values of 410 and
above. It was found that patients with the TKA
value of 400 or down had higher respiratory

function test results than patients with the TKA
value of 410 or above. There was a statistically
significant difference only for FEV1 (L) (%) and
FEF25-75 (L/s) (%) values (Table 5). Likewise,
when the respiratory function test results of the
healthy group were compared by dividing them
into two groups with a TKA value of 400 and
below and those with a TKA value of 410 and
above, there was only a statistically significant
difference in PEF values (p = 0.018).

DISCUSSION

In this study, clinometric measurements of
thoracic curvature and standardized pulmonary
function tests are used to assess changes in lung
function in MS patients. The female-to-male ratio



of MS patients who participated in our study was
calculated to be 2.3/1, consistent with the
incidence rate of female-to-male MS, which is
2.5/1 worldwide (11). In a survey conducted with
238 MS patients comparing body mass index and
physical activity and examining the impact of this
relationship on neurological disability, no
relationship was found between physical activity
level and BMI or between obesity and
neurological disability (12). In our study,
although no statistically significant difference
was found in the measurements of BMI, neck and
shoulder circumference, and fathom length
between MS patients and healthy subjects, the
mean chest circumference was statistically
significantly higher in MS patients than in healthy
subjects. It was hypothesized that the increased
thoracic angle caused increased chest cavity size
during the MS process.

In MS patients, the motor pathways of the
respiratory tract are affected. Therefore
respiratory muscle weakness develops, and as a
result, ventilatory impairment occurs (13).
Initially, the brain can adapt to this respiratory
muscle weakness. Thus, respiratory symptoms in
neurological diseases usually do not appear until
the late stages. The intervening fever or infection
further affects the respiratory disorders, the
patient's respiratory demand increases, the
respiratory muscles become relatively weaker,
and the disease's course worsens, as in MS.

Pneumonia is one of the most common
pulmonary problems during the disease (14, 15).
Because pulmonary complications are a
significant cause of morbidity and mortality,
assessing respiratory muscle and function and
supporting them with individualized programs
improves both quality of life and patients' lifespan
(15).

Howard et al. reported that respiratory
complications occurred an average of 5.9 (min-
max:1-12) years after the onset of neurologic
symptoms. These investigators said severe
respiratory problems in 14 patients, and the
majority of patients had lesions in the cervical and
bulbar regions. Based on these findings, the
causes of MS's respiratory disorders were
classified into five categories: Respiratory muscle
weakness, bulbar dysfunction, obstructive sleep
apnea, airway control disorders, and paroxysmal
hyperventilation (16). The duration of the disease
in MS patients in our study was 8.75 £ 6.23 (min-
max:1-25) years. This period includes the time to
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onset of dyspnea in MS patients reported in the
literature. For this reason, we think that we
evaluate the pulmonary function test results in
MS patients with appropriate characteristics.

The decrease in FVC value indicates
respiratory  dysfunction, which occurs in
proportion to the progression of MS. Another
study by Smeltzer et al. evaluated the respiratory
functions of 25 MS patients with varying degrees
of motor dysfunction. It defined two types of
respiratory dysfunction: involvement of the
respiratory centers in the medulla and acute
respiratory failure secondary to cervical spine
lesions in MS patients (16).

As MS disease progresses, central respiratory
stimulation is increased to maintain partial
pressures of carbon dioxide (CO2) and oxygen
(02) in normal arterial blood. The patient's
respiratory rate increases. As the disease
progresses, the central adaptive response activates
hyperventilation to prevent dyspnea and fatigue.
The low vital capacity and decreased airway
cleanliness and sigh lead to the development of
atelectasis and hypoxemia. This chain of events
leads to increased respiratory demand. Although
muscle fatigue can lead to tachypnea, alveolar
hypoventilation, and acidemia, acute respiratory
failure is rarely reported in MS patients (9, 17,
18). Extensive bulbar involvement may be seen
in acute respiratory failure. Due to large plaques
in the medulla and cervical spinal segments, the
respiratory pattern is disturbed, and apnea and
acute respiratory failure are observed. It is often
complicated by secondary systemic factors such
as dehydration and aspiration pneumonia. Apart
from acute complications, the most crucial
respiratory dysfunction in patients with MS is an
alteration in respiratory function, especially in the
expiratory route (19, 20). It was found with
statistical significance that the values of PEF (L/s)
(%) and FEF25-75(L/s) of MS patients in our
study were lower than healthy subjects. The low
values indicate that MS patients have an
expiratory and restrictive outcome. This is in
agreement with the findings in the literature.
Bosnak et al. reported that expiratory muscles are
involved in the early stages of MS. In case of
excessive expiratory weakness, cough is
inadequate, and secretion clearance is difficult.
This leads to respiratory complications, which are
the most common cause of morbidity and
mortality (21) Many studies have shown that
respiratory muscle weakness also develops in
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later stages of MS (10,20,22). There is evidence
in the literature that the decrease in exercise
tolerance in patients with multiple sclerosis may
be related to respiratory muscle dysfunction (10).
Providing patients with respiratory and physical
activity support at the earliest possible time after
diagnosis can lead to positive quality of life
outcomes without allowing the respiratory
function to deteriorate.

The changes in pulmonary function observed
in multiple sclerosis may occur due to respiratory
pump dysfunction of the lungs (20). In our study,
a statistically significant difference was found
between the PEF(L/s)(%) and FEF25-75(L/s)(%)
values of MS patients and healthy subjects;
similar to the results of the study of Altintas et al.
These values of healthy subjects were found
higher than those of MS patients (21). Our study
divided MS patients into two groups: 2.5 and
below (group 1) and above 2.5 (group II)
according to EDDS scores and examined
pulmonary functions. The measurements of FVC
(L) (%), FEV1(L) (%), PEF(L/s) (%), and FEF25-
75 (L/s) (%) of patients in group | was statistically
significantly higher than those of patients in
group II. Our study is primarily compatible with
the literature regarding the effect of expiratory
pattern and restrictive pulmonary involvement (1,
20, 22).

A significant correlation was found between
respiratory dysfunction and disease severity (13).
Respiratory involvement can be observed in the
early stages of the disease, especially during the
relapse phases (23). Few studies show that
respiratory functioning is impaired in the early
stages in MS patients (18, 20). Severe cerebellar
findings have been found to be associated with
respiratory dysfunction in MS patients. Although
there are studies showing that respiratory function
is impaired in MS patients with high EDSS scores
(16), few studies show that respiratory function is
impaired in MS patients with low EDSS scores.
In the survey conducted by Bosnak et al.,
impairment of both inspiratory and expiratory
muscles was found, and significantly low PEF
values were also found in patients with EDSS
scores between 2-4.5 (20).

A previous study compared MS patients and
healthy volunteers and found abnormalities such
as torticollis, the head's anterior tilt, and lordosis.
In this study, 30 beneficial and 30 female MS
patients with an EDSS score below three were

enrolled. Torticollis, scoliosis, lordosis, kyphosis,
and an anterior tilt of the head were compared
between the two groups. Statistically significant
differences in terms of the anterior tilt of the head,
torticollis, and lordosis were found, while no
statistically significant difference was found
between the two groups in thorasic kyphosis (6).
Controversially statistically significant difference
was found between MS patients and healthy
volunteers in terms of kyphosis in our study.
Abnormal postures and spastic weakness which
can be seen in MS patients may lead to cervical
pathologies (24). An increase in the angle of
thorasic kyphosis leads to a decrease in the
mobility of the thorasic wall and reducing
pulmonary capacity. A few studies have been
conducted on increased thorasic kyphosis angle
and airway restriction (21, 25). According to our
study results, it was found that pulmonary
function tests values decreased with the increased
TKA in MS patients. According to our results,
the decrease in respiratory function test values
with the increase of TKA may indicate a
restrictive pattern. Although there are few studies
evaluating the effects of thoracal kyphosis angle
on airway restriction our result is compatible with
the literature (24).

For MS patients, it is essential to maintain their
physical activity, functional capacity,
independence, and quality of life and to reduce the
incidence of comorbidities (26). Traditional
exercise programs to increase MS patients'
physical activity can be particularly challenging
for MS patients with walking difficulties (27).
With physical rehabilitation and exercises to be
performed under professional guidance and early
application of respiratory rehabilitation in MS
patients, it can positively influence both respiratory
functions and physical activity of patients.

CONCLUSION

Our results suggest that exceptionally high
TKA in MS patients is one of the causes of their
impaired lung function. In terms of outcomes, it
will be appropriate to involve patients in
pulmonary rehabilitation at an early stage of the
disease and provide specific treatment programs
according to the evaluation of their neck and
thoracic region, including respiratory muscles.

Limitations: It would be appropriate to
conduct the study with a larger MS patient
population and evaluate the patients' osteoporotic
characteristics and the thoracic kyphotic angle.



APPLICABLE REMARKS

e Since MS's etiological factor is not fully
understood, it is a disease that cannot be
treated for the etiological factor but can only
be managed. In the early phase, respiratory
physiotherapy applications should be an
essential part of the treatment approach to
prevent respiratory pathologies that may occur
due to respiratory function impairment and
significantly support patients' quality of life.

e Physical activity, especially under
professional guidance, provides MS patients
with its positive effects on cardiorespiratory
and muscular function, significant benefits in
maintaining their functional abilities and
reducing the incidence of potential
comorbidities.
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