Motor and respiratory
functions are main

challenges to patients
with multiple sclerosis

Fungbes motoras e respiratorias
representam desafios
Importantes para pacientes

com esclerose multipla

Patricia David Charro ®'
Lucas Luges Santana ®'

Karla Luciana Magnani Seki ®'
Nilson Moro Junior ®?2

Jodo Américo Domingos ®?
Gustavo Christofoletti ® '

"Universidade Federal de Mato Grosso do Sul (UFMS), Campo Grande,
MS, Brazil

2 Hospital Universitario Maria Aparecida Pedrossian (Humap-UFMS),
Neurology Outpatient Clinic, Campo Grande, MS, Brazil

Date of first submission: August 13, 2021
Last received: August 30, 2022
Accepted: November 30, 2022

*Correspondence: g.christofoletti@ufms.br

ORIGINAL ARTICLE Open access and CC-BY licensed @@

Abstract

Introduction: People with multiple sclerosis (MS) present
wide and varied symptoms. Objective: To investigate
the impact of MS on subjects’ motor and respiratory
functions. Methods: One hundred one participants
were enrolled in this study. The subjects had previous
diagnosis of relapsing-remittent MS (n = 48) or presented
no neurologic diseases (n = 53, control group). Assess-
ments involved mobility (Timed Get Up and Go) and
balance (Berg Balance Scale) tests. A force platform
was used to evaluate postural stabilometry. Respiratory
functions were assessed with a portable spirometer and
a digital manovacuometer. Data analyses were carried
out with Student’s t-tests, chi-square, and Pearson
correlation index. Significance was set at 5%. Results:
Compared to control peers, participants with MS showed
higher motor dysfunctions affecting mobility, balance,
and postural stability. Spirometry indicated normal
parameters for pulmonary flows and lung capacities in
both groups. The manovacuometer, differently, pointed
to a respiratory muscle weakness in 48% of participants
with MS. Correlation analyses highlighted that respiratory
functions are more associated to dynamic than to static
motor tests. Conclusion: Pathological changesin MS lead
to motor dysfunction on mobility, balance and postural
stability. Respiratory tests showed normal pulmonary
flows and lung capacities in patients with MS, but with
commitment of respiratory muscle strength. Respiratory
functions were more impacted by dynamic tasks rather

than static motor tasks.
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Resumo

Introducéo: Pessoas com esclerose mdltipla (EM) apresentam
sintomas amplos e variados. Objetivo: Investigar o impacto cau-
sado pela EM nas fungées motoras e respiratdrias. Métodos:
Cento e um participantes foram incluidos neste estudo. Os
sujeitos tinham diagndstico prévio de EM remitente-recorrente
(n = 48) ou ndo apresentavam doencas neuroldgicas (n = 53,
grupo controle). As avaliagées envolveram testes de mobilidade
(Timed Get Up and Go) e equilibrio (Berg Balance Scale). Uma
plataforma de forga foi utilizada para avaliar a estabilometria
postural dos sujeitos. As fungdes respiratérias foram avaliadas
com um espirémetro portétil e um manovacuémetro digital. A
anélise dos dados foi realizada pelos testes t de Student, qui-
quadrado e pelo indice de correlacdo de Pearson. Nivel de
significancia foi estipulado em 5%. Resultados: Comparados
com controles saudéveis, participantes com EM apresentaram
maiores disfungées motoras que afetam mobilidade, equilibrio
e estabilidade postural. A espirometria indicou pardmetros nor-
mais para fluxos pulmonares e capacidades pulmonares em
ambos os grupos. A manovacudémetria, diferentemente, apontou
fraqueza dos musculos respiratérios em 48% dos participantes
com EM. Anélises de correlagdo destacaram que as fung¢bes
respiratérias estdo mais associadas a testes motores dindmicos
do que a testes estdticos. Conclusdo: As alteracées patoldgicas
na EM levam & disfungcdo motora na mobilidade, no equilibrio
e na estabilidade postural. Os testes respiratérios mostraram
padrées normais para fluxos pulmonares e capacidades pul-
monares em pacientes com EM, mas com comprometimento
da forca muscular respiratéria. As funcées respiratdrias foram
mais afetadas por tarefas motoras dindmicas do que por tarefas

estaticas.

Palavras-chave: Atividade motora. Esclerose mdltipla. Testes de

funcdo respiratéria. Espirometria.

Introduction

Multiple sclerosis (MS) is a chronic, autoimmune and
demyelinating disease that affects the white matter of
the central nervous system. The disease is characterized
by lesions in the myelin sheath of neurons, resulting in a
slow nerve conduction."? Depending on the location of
lesions, a wide range of neurological symptoms arises
and affects patients' everyday life.
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Among all symptoms seen in MS, motor signs stand
out because of its impact on subjects’ independence.?
Balance disturbance, mobility problems and postural
instability are some of the symptoms seem in MS.#¢

The physiological mechanism related to motor
dysfunctions is associated to an inaccurate stimulus on
patients’ cortex that end up delaying motor actions and
reactions.” As consequence, patients are subject to a
greater risk of falls and many of them start using assistive
devices (such as bracing, walking sticks, and wheelchairs)
for safety.®

Another factor associated to disability in MS is
the commitment of the respiratory system. Previous
studies reported respiratory dysfunctions in MS and its
association to perceived fatigue, physical endurance
and quality of life.”'2 The commitment of the respiratory
system is consequence of the presence of demyelinating
plaques on patients’ brainstem, and it usually occurs in
the later stage of the disease.

In spite of previous studies showing commitment of
motor and respiratory functions in MS, the large number
of confounding variables and the lack of standardization
makes the understanding of the clinical condition
challenging. Furthermore, until the present moment no
study has provided complementary analyses associating
motor and respiratory functions in MS.

In this scenario, we performed an in-depth analysis
aiming to investigate the impact of MS on motor and
respiratory functions, and to verify how motor and
respiratory variables affect each other. A control group
was included to compare results of subjects with and
without MS.

We believe the finding of this study may guide
physical therapists and other health care professionals
during patient’s treatment as it brings news information
about the impact of pathological changes in MS.

Methods

This is a cross-sectional design study comprised by
two groups: MS and control. The MS group was formed
by individuals with relapsing remittent MS. The control
group was formed by subjects without MS, but with
similar sociodemographic characteristics (age, sex,
schooling, weight, height, and body mass index) to the
MS group. This research was conducted in accordance
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to the Declaration of Helsinki and it was approved by
the institutional Ethics Committee (Universidade Federal
de Mato Grosso do Sul, protocol No. 2.879.787, CAAE:
89594818.2.0000.0021). All participants provided written
consent prior the assessments.

Inclusion criteria involved participants with and
without relapsing remittent MS, of both sexes, aged 18
or more. A neurologist with experience in demyelinating
diseases performed the diagnosis of the MS group.
Exclusion criteria of both groups were participants
unable to understand the tests, cases of mental confusion
or cognitive decline, presence of comorbidities in lower
limbs, smoking history, previous respiratory diseases,
pregnancy, and subjects with routine activities superior

FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement

to three metabolic equivalents of task.’® The use of

walking aids, wheelchairs and patients bedridden were

also reasons for exclusion.

Methodological procedures

All methodological procedures are reported accord-
ing to the STROBE statement checklist. The software
G*Power® was used for sample size calculation. Authors

analyzed previous studies involving mobility, balance,

and respiratory functions in MS,'*1¢ and found that the

minimal number of subjects should be of 94 participants

- 47 per group. Figure 1 details the flow of participant

selection.

Assessed for eligibility
(n=132)

Non-inclusions (n = 24)
» Unable to participate (n = 13)

» Cognitive decline (n = 10)
* Pregnancy (n = 1)

MS group (n = 54)

Exclusions:

Smoking history
(n=06)

Final sample size of the
MS group (n = 48)

Control group (n = 54)

Exclusions:
Smoking history
(n=1)

Final sample size of the

control group (n = 53)

Figure 1 - Flow diagram of the study.

Note: MS = multiple sclerosis.
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Prior the motor and respiratory assessments,
participants were submitted to a sociodemographic
questionnaire. In addition, the subjects had their
cognition assessed with a general cognitive function
)17

test (Mini-Mental State Examination and with a

specific instrument for executive processes (Montreal
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Cognitive Assessment).'® These variables were included
for characterization purposes. Disease severity of the
MS group was evaluated with the Expanded Disability
Status Scale.' Table 1 details the sociodemographic
and clinical conditions of participants from MS and
control groups.

Table 1 - Socio-demographic profile of participants of multiple sclerosis (MS) and control groups

Variables MS group Control group P
Sample size (n) 48 53 0.619
Age (years) 374 +£11.2 37.2+10.4 0.922
Sex (female:male) 37:11 41:12 0.974
Occupation (%)

Student 10.4 24.5

Retired 271 3.8 0.003
Work 62.5 67.9

Stay-at-home 0.0 3.8

Education (%)

Stay-at-home 0.0 3.8

Elementary education 4.1 5.7 0.142
Secondary education 29.2 13.2

Higher education 66.7 81.1

Weight (kg) 68.5+19.9 72.0+14.8 0.322
Height (m) 1.6 +0.1 1.6 +0.1 0.972
Body mass index (kg/m?) 25.1+6.0 264 +5.1 0.256
Expanded Disability Status Scale (score) 3.1+27
Mini-Mental State Examination (score) 282+19 28719 0.184
Montreal Cognitive Assessment (score) 27.3+54 27.5+3.2 0.857

Note: Data are presented in number of events and percentage for categorical variables, and mean * standard deviation for continuous

variables; p-value of the chi-square test for the categorical variables and p-value of the Student’s t-test for the continuous variables.

Motor functions

Motor functions were assessed with mobility, balance,
and postural stability tests. The Timed Get Up and Go
test (TUG)?° was used to analyze participants’ mobility.
The test measures the time and number of steps needed
for an individual to stand up from a chair, walk a distance
of three meters, turn, walk back to the chair and sit
down. Higher values indicate higher insecurity in the
individual's performance.

The Berg Balance Scale (BBS)?' assessed the balance
of the participants. The instrument is composed of
fourteen items involving specific tasks at different
situations and support bases. Its scores varies between
0 and 56, with higher scores indicating a better balance
of the subject.

Charro PD et al.

Stabilometric analyses was assessed through the
Biomec 400_V4 force platform (EMG System®, Brazil).
Under a force platform composed of four load cells,
participants performed all the tests barefoot and they
were instructed to remain standing up for 60 seconds.
Body position in space (cm), support base area (cm?) and
velocity of postural control (cm/s) were used to evaluate
the balance of the subjects. Normative values on force
platform were used according to parameters seen in the
control group (matched in terms of sociodemographic
parameters) and to the study of Scarmagnan et al.??
(seeking to see the impact of age). Negative values on
body position indicate changes in the center of mass
toward back and left. Two researchers remained on
each side of the participants during the assessments, in
order to prevent falls.
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Respiratory functions

Respiratory functions were analyzed with manovac-
uometry and spirometry tests. Manovacuometry was
assessed with MVD300 manovacoumeter (Globalmed®,
Brazil). The maximum inspiratory pressure was obtained
starting at residual volume with the subject seated,
wearing a nose clip and with a rigid, plastic, flanged
mouthpiece. A small leak was introduced between the
occlusion and the mouth to prevent glottic closure. The
maneuver was undertaken five times, with a minimum of
three correct measurements being accepted.?®

Spirometry was carried out by using the Koko
spirometer (nSpire Health Inc.®, USA) and following
the American Thoracic Society recommendations.?*
Participants remained in seated, comfortable position,
and were requested to “inflate” the lungs up to total
lung capacity. Subsequently, subjects were requested
to perform a maximum expiration in the device,
showing at least three acceptable flow-volume curve
tests for results reproduction. Predicted values were
calculated according with normality references
established by Pereira et al.?® The assessed parameters
were forced vital capacity, peak expiratory flow, and
forced expiratory volume in the first second. Results
were analyzed in raw values and they were categorized
according participants’ flow-volume curves in clinical
reports (normal ventilation, obstructive, restrictive or
mixed ventilatory disorders).

For the statistical procedure, the data were first
processed using descriptive statistics (mean, standard
deviation and number of events). Shapiro-Wilk test
confirmed parametric pattern of the data. Comparisons

Table 2 - Motor evaluation of the participants
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between groups were performed with Student’s
t-tests on continuous variables and chi-square tests on
categorical variables. Pearson’s correlation coefficients
were applied to verify association between motor and

respiratory functions in MS. Significance was set at 5%.

Results

One hundred one participants completed the trial.
Patients with MS needed more time and steps to perform
the Timed Get Up and Go test than subjects of the control
group. In addition, scores of the BBS and stabilometric
measures (support base area and imbalance speed)
confirmed worse motor function of subjects with MS.
Table 2 details mobility, balance and postural stability of
participants from both groups.

Spirometric tests indicated normal parameters for
pulmonary flows and lung capacities in both groups.
Manovacuometric scores, differently, pointed to a
respiratory muscle weakness in almost half of the
participants of the MS group. Table 3 details respiratory
functions of the MS and control groups.

Table 4 shows correlation analyses between motor
and respiratory functions in MS. Respiratory functions
were more associated with dynamic than static tasks.
Negative valuesin correlation analyses indicate that lower
scores in pulmonary parameters are related to a worse
result on the Timed Get Up and Go test (increasing time
and number of steps) and to a higher risk of imbalance
(larger support base area). Positive correlations with the
BBS shows that as lower the respiratory variable were,
the lower was the score of the BBS.

Variables Multiple sclerosis group Control group P
Timed Up and Go

Time (sec) 9.9+50 65+1.2 0.001
Steps (n) 13.2+3.38 102+14 0.001
Berg Balance Scale (score) 49.1 +10.0 55.9 +0.1 0.001
Stabilometry

Antero-posterior position (cm) -1.6+2.3 -1.8+x24 0.604
Mid-lateral position (cm) 0614 -0.5+0.6 0.815
Area (cm?) 17.6 £14.2 65+28 0.001
Antero-posterior speed (cm/s) 27+20 1.6+05 0.001
Mid-lateral speed (cm/s) 29+1.8 1.7+04 0.001

Note: Data are presented in mean * standard deviation; p-value of Student’s t-test.

Charro PD et al.
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Table 3 - Respiratory functions in participants of multiple sclerosis and control groups

Variables

Multiple sclerosis group Control group p
Peak expiratory flow
Liters/second 45+23 50£20 0.186
Percentage 56.5+25.6 64.0+24.4 0.134
Forced vital capacity
Liters 3.3x0.6 3.3x0.7 0.726
Percentage 88.9+11.3 89.7£12.7 0.746
Ratio FEV in the first second and FVC (%) 83.7+14.2 88.5+8.9 0.040
Maximum inspiratory pressure (cm H,O) 71.2+29.3 88.1+27.3 0.004
Maximum inspiratory pressure report (%)
Normal parameters 52.1 77.4 0.008
Muscle weakness 47.9 22.6

Note: FEV = forced expiratory volume; FVC = forced vital capacity. Data are presented in mean * standard deviation and percentage; p-value

of Student’s test for continuous variables and chi-square for categorical variables.

Table 4 - Correlation analyses between motor and respiratory functions in multiple sclerosis

Motor variables Respiratory variables

PEF FCvV FEV1 FEV1/CVF MIP
Timed uUp and Go
Time -0.281* -0.350* -0.338* -0.091 -0.241
Steps -0.316* -0.334* -0.312* -0.089 -0.390*
Berg Balance Scale (stabilometry)
Antero-posterior position 0.086 0.179 0.035 -0.122 -0.002
Mid-lateral position 0.189 0.056 0.081 0.041 -0.054
Area -0.235 -0.124 -0.341* -0.357* -0.432*
Antero-posterior position 0.021 -0.069 -0.098 -0.023 -0.172
Mid-lateral position -0.067 -0.079 -0.151 -0.071 -0.171

Note: PEF = peak expiratory flow; FVC = forced vital capacity; FEV1 = forced expiratory volume in the first second; MIP = maximum inspiratory

pressure. R values of the Pearson correlation index. *p < 0.05.

Discussion

This study investigated the impact of MS on subject’s

motor and respiratory functions. Results showed
motor decline and respiratory muscle weakness in
subjects with MS. Pulmonary flows and lung capacities
presented normal parameters. Respiratory functions
were more impacted by dynamic than static tasks. The
understanding of these factors is important to analyze

the impact of MS in subjects’ everyday life.

Charro PD et al.

The target of this study was people with MS. Seeking

to control possible biases caused by discrepancies
between the MS and control groups, subjects without
MS were selected according to anthropometric and
socio-demographic parameters of the MS group. Data
presented in Table 1 indicate similarities between
groups in all variables. Exception was for professional
occupation, where there were more retired people in the
MS than in the control group. Authors attribute this aspect

to the impact of MS on patients’ work environment.
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The clinical profile of people with MS was of patients
in mild and moderate stages of the disease. This pattern
is justified by the selection criteria, that required complex
motor activities in which patients in severe stages may
have difficulties in performing.?” Authors encourage new
studies addressing pulmonary and motor functions in
people with greater physical impairment, an aspect not
explored in this study. Motor functions were analyzed
through static and dynamic tests. Authors included TUG
test, BBS and a force platform assessment to provide a
complete analysis of patients’ functionality, so important
in the practice of physical therapists.

Comparison between groups reinforces that motor
impairment in MS occurs mainly in dynamic tasks.?® In
static activities, participants had similar values for body
position and differences for support base area and
speed of imbalance. Since physical therapists seek to
promote patients’ safety and independence, the results
presented in motor tests should guide professionals
before initiating exercise programs in subjects with MS.

Regarding the respiratory function, participants with
MS had normal parameters of lung flow and pulmonary
capacities, with similar results to the control group.
This result corroborates Westerdahl et al.,?? that found
normal pulmonary function in MS with no significant
abnormalities in dynamic spirometry tests.

Although some spirometric parameters presented
differences in the comparison with healthy peers, this
difference, though statistically significant, refers to
normal values in both groups.?®2°

The MS group had worse performance in the
manuovacometry test in comparison to control peers.
Almost half of patients with MS presented inspiratory
muscle weakness. This finding is important and reinforces
the need of therapies seeking to revert respiratory
muscle weakness in people with MS, a field that still lacks
scientific evidences.®

Some studies identified pulmonary problems in
MS.”12 There is an important difference about the
respiratory dysfunction common in later stages of
MS than those presented in pulmonary diseases. In
obstructive or restrictive pulmonary diseases such as
COPD, asthma, cysticfibrosis, and interstitial lung disease,
both respiratory muscle strength and lung volumes
are affected.’’*® Considering its pathophysiology, in
pulmonary diseases there is a concomitant commitment
of lung tissue and respiratory airways. In MS and other
neurological conditions, differently, in the advanced

Charro PD et al.
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stages it is common to have an indirect involvement
of pulmonary structures and the commitment occurs
mainly because of demyelination plaques in brain and
brainstem.3#35

Age, physical immobility and performance fatigue are
factors that can decrease motor function and respiratory
muscle strength in MS.13¢ |n fact, results seen on force
platform many times bring patients with MS closer to
older adults rather than healthy control peers.?

In spite of not have been applied a specific
questionnaire to measure fatigue in subjects with and
without MS, Table 1 shows that subjects from both
groups had similar age and none participant had
immobility problems. Authors believe that those aspects
were controlled in this study.

An interesting finding is that respiratory dysfunctions
is more associated to dynamic motor tests than static
stabilometric tests. The correlation indexes indicate
that lower values in pulmonary parameters are related
to a worse result on the TUG test and on the BBS. This
may indicate a higher difficulty of subjects with MS in
performing complex motor tasks that end up affecting
other systems, like the respiratory. Authors encourage
new studies aiming to confirm this premise.

The literature already confirmed the presence of
cognitive decline in early and moderate stages of MS.37:38
There is an important connection between cognition,
respiratory and motor functions, which, if not controlled,
could biased the results.??4? In this sense, we included
two questionnaires to assess the cognitive functions of
participants. Data indicated normal cognitive values in
both groups, allowing the conclusion that such factor did
not affect the results.

This study has two important limitations. First,
the sample was formed by subjects in the mild and
moderate stages of the disease. Further studies should
be performed with patients in the advanced stage of MS.
Second, this study concentrated analyses in inspiratory
muscle strength. New studies should explore both
inspiratory and expiratory muscle strength of subjects
with MS.

Conclusion
Patients with MS present motor dysfunctions affecting

mobility, balance and postural stability. Furthermore,
subjects with MS showed an important commitment
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of respiratory muscle strength. Associations between
motor and respiratory variables indicate that respiratory
functions are more impacted by dynamic than static
tasks. The findings of this study should help physical
therapists in the understanding of the clinical profile
of patients with MS, which may guide new therapies
seeking the improvement of patients’ health status and
quality of life.
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