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Abstract

Introduction: Cerebral vascular accident (CVA) is the
second leading cause of death and is one of the diseases
that most generate disability Hemiparesis is the most
common motor deficit, and one of its characteristics is
asymmetry in weight bearing and in the plantar sup-port
area, leading to balance deficits. extracorporeal shock-
wave therapy (ESWT) has been shown to be effective in
reducing post-stroke spasticity. Objective: To evaluate
the effect of a ESWT session on the distribution of
plantar pressure and on the static and dynamic balance
of hemiparetic individuals after stroke. Methods: Twelve
individuals with hemiparesis as a result of stroke in the
chronic stage participated in the study. Data collection
was divided into two days. On the first day, anamnesis
and tests were performed: timed up and go (TUG), four
square step test (FSST), and short physical performance
battery (SPPB). After carrying out the tests, the distribution
of plantar pressure was evaluated using baropodometry.
Also on the first day, participants received ESWT in
the muscle belly of the gastrocnemius muscle on the
hemiparetic side. At the end of the ESWT session and
after 7 days, the individuals were reassessed. Results:
The results referring to the static and dynamic balance
and baropodometry evaluations performed before, im-
mediately after and one week after the application of
ESWT did not show a significant difference between the
three evaluations in any of the tests and in any of the
moments performed. Conclusion: One ESWT session
did not affect plantar pressure distribution and static and

dynamic balance of hemiparetic individuals after stroke.
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Resumo

Introdugéo: O acidente vascular cerebral (AVC) é a segunda
principal causa de morte e é uma das doencas que mais gera
incapacidade. A hemiparesia é o déficit motor mais comum e
tem como uma das caracteristicas assimetrias na sustentacdo
do peso e na drea de apoio plantar, acarretando déficits de
equilibrio. A terapia por ondas de choque extracorpérea (TOCE)
tem se mostrado eficaz na reducdo da espasticidade pés-AVC.
Objetivo: Avaliar o efeito de uma sessdo de TOCE na distribui-
cdo de pressédo plantar e no equilibrio estdtico e dindmico de
individuos hemiparéticos pés-AVC. Métodos: Participaram da
pesquisa 12 individuos com hemiparesia em estégio crénico.
A coleta de dados foi dividida em dois dias. No primeiro dia,
realizaram-se anamnese e os testes timed up and go (TUG),
four square step test (FSST) e short physical performance bat-
tery (SPPB). Apds a realizagdo dos testes, avaliou-se a distribui-
cdo da pressdo plantar por meio da baropodometria. Ainda
no primeiro dia, os participantes receberam a TOCE no ventre
mus-cular do musculo gastrocnémio do lado hemiparético. Ao
término da sessdo de TOCE e apds 7 dias, os individuos foram
reavaliados. Resultados: Os resultados referentes as avaliacées
do equilibrio estético e dindmico e da baropodometria reali-
zados nos momentos antes, imediatamente apds e uma semana
apés a aplicagdo da TOCE ndo apontaram diferenca significativa
entre as trés avaliacées em nenhum dos testes e em nenhum
dos momentos realizados. Conclusdo: Uma sesséo de TOCE
ndo afetou a distribuicdo de presséo plantar e o equilibrio ests-

tico e dindmico de individuos hemiparéticos pds-AVC.

Plavras-chave: Tratamento por ondas de choque extracorpdrea.

Equilibrio postural. Acidente vascular cerebral.

Introduction

In 2019, stroke was the second leading cause of
death (6.6 million deaths) and ranked third in the cause
of disability in 2019, according to global data.”? As
stroke incidence increases, and without improvements
in prevention and rehabilitation programs, global deaths
and disabilities are expected to increase.® The long-
term effects of stroke can reduce independence and
quality of life, requiring ongoing support from family
members or health professionals. Early identification
and treatment improves outcomes and reduces the
severity of disabilities. Rehabilitation, which may include
physiotherapy, occupational therapy and speech therapy,
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is crucial to recovery, helping to improve physical and
cognitive abilities.*®

Hemiparesis, characterized by motor impairment,
spasticity and muscle weakness on the side of the body
contralateral to the injury, is the most common motor
deficit after a stroke. Approximately 20-40% of people
who have had a stroke develop spasticity,® a movement
disorder that increases muscle tone’ and can limit the
use of the affected limb, cause pain, contractures, and
falls and impair gait.® Spasticity is usually accompanied
by signs such as loss of selective motor control, weak-
ness and dexterity, as well as slow movements and lack
of coordination.” Proper management of spasticity can
improve motor function during the chronic phase of
stroke. In hemiparetic individuals, weight bearing and
plantar support area are asymmetric and decreased on
the paretic side.’® This is due, in part, to plantar flexion
contracture, known as "drop foot," which results in an
inability to dorsiflex the affected ankle during the swing
phase of gait."” With the foot in plantar flexion, there is
a decrease in plantar support area and, consequently, a
decrease in cutaneous afferentation of plantar mechano-
receptors that provide spatial and temporal information

about foot contact pressures,'?

affecting balance and
increasing the risk of falls.

Balance, the ability to maintain the body within the
support base, is essential both at rest and in movement'®
and it depends on the integration of the vestibular,
visual and somatosensory systems. Changes in balance,
reduced plantar pressure area, and muscle weakness as-
sociated with hemiparesis decrease functional mobility
and independence in post-stroke individuals.

Extracorporeal shockwave therapy (ESWT) consists
of a sequence of modified acoustic pulses to transmit
mechanical energy, characterized by high peak pressure,
rapid pressure increase and short duration.' According
to Taheri et al.,’”> ESWT is a noninvasive and effective
treatment in reducing post-stroke spasticity. The most
common sites of application are the wrist and plantar
flexors, due to the fact that these muscles are the most
affected by spasticity.’ The mechanisms of action of
ESWT in reducing spasticity are not yet fully elucidated,
but there are some hypotheses. One of them suggests
that ESWT increases the production of nitric oxide, which
acts on vasodilation, neoangiogenesis and regulation of
inflammation in the central nervous system.'” Another
hypothesis is that ESWT influences the non-neural
component of spasticity, improving muscle fibrosis and
the rheological properties of the spastic muscle."®
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Therefore, the aim of this study was to evaluate the
effect of a ESWT session on the distribution of plantar
pressure and on the static and dynamic balance of
hemiparetic individuals after stroke..

Methods

The study was approved by the Research Ethics
Committee of the Universidade Estadual Paulista
(UNESP), under protocol No. 5.541.259. Twelve individu-

Anamnesis, TUG, FSST,
SPPB, baropodometry,
ESWT, reassessment
(TUG, FSST, SPPB,
baropodometry)

Day 2
(after 7 days)
n=12

Reassessment
(TUG, FSST, SPPB,
baropodometry)

L4

Included
n=12

Participants did not
Screening want to be in data
n=19 collection
n=3
Participants did
Day 1 not show up for
n=16 reassessment
n=2

| |
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als participated in the study, nine males and three fe-
males (Figure 1). Data collection was performed at the
Center for Education and Health Studies of the School
of Philosophy and Sciences of UNESP. Participants with
hemiparesis due to stroke (ischemic or hemorrhagic)
in the chronic stage (after 6 months of injury), aged
18 years or older, and who could walk independently
or use assistive devices were included. Individuals
with psychiatric and/or cognitive disorders that would
prevent them from understanding and performing the

required activity were not included.

Participants could
not undergo ESWT
n=2

Figure 1 - Flowchart of inclusion and non-inclusion of participants.

Note: TUG = timed up and go; FSST = four square step test; SPPB = short physical performance batery; ESWT = extracorporeal shockwave therapy.

Rosella BG et al.
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Procedures

Data collection was divided into two days. On the first
day, anamnesis was performed with questions about
name, age, time since stroke, most affected side, medica-
tions being used and times, body weight measurement
and history of falls, among others. Subsequently, partici-
pants were assessed for balance (static and dynamic)
using the timed up and go (TUG), four square step test
(FSST) and short physical performance battery (SPPB).
After the tests, plantar pressure distribution was assessed
using baropodometry. Also on the first day, participants
received ESWT on the belly of the gastrocnemius muscle
on the hemiparetic side. At the end of the ESWT session
and after seven days, individuals were reassessed.

TUG is to assess mobility and functional balance.
The test quantifies functional mobility (in seconds) by
measuring the time it takes an individual to get up from
a chair, walk three meters, turn around, return to the
chair and sit down again."® Bischoff et al.?° consider that
completing the test in up to 10 seconds is considered
normal for healthy, independent adults with no risk of
falls; values of 11 to 20 seconds are expected for older
individuals with disabilities or frail individuals, with partial
independence and low risk of falls; values above 20
seconds suggest that the older person has a significant
deficit in physical mobility and risk of falls. The same
authors determine a performance of up to 12 seconds
as the normal time to complete the test for community-
dwelling older individuals.

The FSST, described by Dite and Temple,?" is a clini-
cal test that assesses dynamic balance and mobility. It
consists of four 90-cm long sticks resting on the floor,
forming a square; the squares are numbered from 1 to
4. The test measures the time it takes the participant
to step as quickly as possible on each square in the
following sequence: 2, 3, 4, 1, 4, 3, 2 and 1 without
touching the sticks and with both feet making contact
with the floor of each square. The test is repeated if
the individual is unable to complete the sequence suc-
cessfully, loses balance or makes contact with a stick
during the sequence. Participants with scores greater
than 15 seconds are considered multiple fallers and
those with scores < 15 are considered non-fallers.?'

The SPPB was used to assess static and dynamic
balance and lower limb strength. To assess static balance,
the participant is instructed to remain for 10 seconds in
the feet together, semi-tandem and tandem stance, and
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the score for this task is calculated based on the time the
individual remains in these positions. The assessment of
lower limb strength is calculated from the time it takes
the participant to stand up and sit down from a chair
five times, and the assessment of dynamic balance is
obtained by the time it takes the individual to complete
a 3-m walk. The score for the last two tests is given by
the ability to complete the task and the time it takes the
participant to perform it. The scores for the three tasks
are added together, ranging from 0 to 12 points. Higher
scores suggest greater functional capabilities and lower
scores suggest lesser functional capabilities.??

Extracorporeal shockwave therapy protocol

To apply ESWT, the participant was placed in the
prone position, and the device was kept aligned through-
out the application so that it remained perpendicular
to the participant's skin. The equipment used to apply
extracorporeal shock waves was the Thork Shock Wave
(Ibramed, Sao Paulo, Brazil), with a diameter of 15 mm?,
made of stainless steel, and a penetration depth of 20 to
30 mm.2® The application was performed on the belly of
the gastrocnemius muscle on the paretic side, with the
following parameters: 1500 pulses, energy flux density
= 0.1 mJ/mm?, frequency = 5 Hz and pressure = 1 bar.

Baropodometry

For the baropodometric assessment, all individuals
stood on the platform in a static, bipedal position, with
their arms hanging at their side, with their eyes open and
looking at a fixed point on the wall of the examination
room. Initially, the participants gathered on the platform
for 10 seconds to conduct the baropodometer, which
was calibrated by weight before each measurement
following the procedure recommended by the manu-
facturer. After separating the equipment, the partici-
pants underwent a test to familiarize themselves with
the equipment; immediately afterwards, three collec-
tions of 10 seconds each were performed. All partici-
pants were assessed on the same baropodometer (EPS
R-1-KINETEC®). The baropodometer records images of
plantar pressure points, anteroposterior sway and lateral
sway (both in cm), that is, on the Y and X axes, and sway
ofthe center of pressure measured onthe surface percm?.
The following clinically relevant stabilometric and plantar
pressure parameters were measured: surface pressure
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of the paretic side (Sur-P), in cm?; surface pressure of
the non-paretic side (Sur-NP), in cm?; center of pressure
of the paretic side (CP-P), in cm; center of pressure of
the non-paretic side (CP-NP), in cm; laterolateral sway
amplitude (A_LL), in mm; laterolateral sway velocity
(V_LL), in mm/s; laterolateral sway standard deviation
(SD_LL), in mm; anteroposterior sway amplitude (A_
AP), in mm; anterior-posterior sway velocity (V_AP), in
mm/s; anteroposterior sway standard deviation (SD_
AP), in mm.

Statistical analysis

Data were presented as mean and standard devia-
tion values. Statistical analysis was performed using the
PASW statistics 18.0® software (SPSS). Repeated mea-
sures ANOVA with Bonferroni post hoc was used to
compare the evaluations. A significance level of p < 0.05
was used for all statistical tests.

Results

Twelve individuals of both sexes participated in the
study, with a mean age of 61.41 = 15.32 years. Table
1 shows the data regarding the characterization of the
sample regarding age, weight, height, paretic side, time

FISIOTERAPIA EM MOVIMENTO Physical Therapy in Movement @@

since diagnosis and number of falls. Table 2 shows the
results of the static and dynamic balance assessments
performed using the FSST, TUG and SPPB tests before,
immediately after and one week after the application
of ESWT. The statistical analysis did not indicate any
significant difference between the three assessments in
any of the tests performed.

Table 3 shows the results regarding the variables
analyzed in baropodometry. The statistical analysis (re-
peated measures ANOVA) did not indicate a significant
difference between the three moments analyzed (be-
fore, immediately after and one week after) for any of
the variables.

Table 1 - Characterization of sample

Variable Mean * SD*
Sex (female/male) 3/9

Age (years) 61.41 £15.32
Height (m) 162.25+12.18
Weight (kg) 67.41+12.18
Paretic side (right/left) 6/6
Time since stroke (months) 69.50 + 46.46
Number of falls 0.88 £1.20

Note: *Except for sex and paretic side. SD = standard deviation.

Table 2 - FSST, TUG and SPPB assessments performed before, immediately after and one week after ESWT

Test Before Immediately after One week after p-value F

FFST 37.31 £ 6.07 34.69 +5.85 33.83+5.70 0.45 0.81
TUG 2412 +0.32 25.37 +4.98 22.63+4.31 0.32 1.18
SPPB 7.58 +0.87 7.50 +0.73 7.63 £0.66 0.91 0.09

Note: FSST = four square step test; TUG = timed up and go; SPPB = short physical performance battery; ESWT = extracorporeal shock wave therapy.

Values presented as mean * standard deviation of the mean. Analysis - repeated measures ANOVA. Significance level p < 0.05.

Discussion

The objective of this study was to evaluate the effect
of an ESWT session on plantar pressure distribution and
static and dynamic balance in post-stroke hemiparetic
individuals. Improvements in plantar pressure distribu-
tion and balance were expected immediately after and

Rosella BG et al.

seven days after the application of ESWT. Statistical
analysis, performed using repeated measures ANOVA,
did not indicate a significant difference between the
three moments analyzed (before, immediately after, and

one week after) for any of the variables.
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Table 3 - Baropodometry assessments
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Parameter Before Immediately after One week after p-value F

Sur-P 62.62 =411 59.66 +4.02 65.13 + 6.43 0.38 0.990
Sur-NP 73.99 £5.65 74.72 = 4.86 7495 +5.79 0.94 0.061
CP-P 13.40 = 1.05 12.91+x1.21 1432 £ 1.61 0.54 0.062
CP-NP 7.42 +0.85 8.73+1.19 7.33+1.19 0.12 2.258
A_LL 7.35+1.46 8.58 +2.14 7.88+1.42 0.61 0.497
V_LL 2.62 +0.35 3.06 +0.62 2.71+0.44 0.66 0.411
SD_LL 1.86 £0.37 2.13+£0.57 2.07 £0.39 0.69 0.366
A_AP 10.89 = 1.66 10.73 £ 1.51 11.00 £ 2.30 0.98 0.012
V_AP 5.09 =0.81 4.48 +0.71 5.11+0.97 0.76 0.297
SD_AP 2.46 +0.40 2.98+0.47 2.71x£0.61 0.58 0.549

Note: Sur-P = surface of paretic side (cm?); Sur-NP = surface of non-paretic side (cm?); CP-P = center of pressure of paretic side (cm); CP-NP = center

of pressure of non-paretic side (cm); A_LL = amplitude of laterolateral oscillation (mm); V_LL = velocity of lateral oscillation (mm/s); SD_LL = standard

deviation of laterolateral oscillation (mm; A_AP = amplitude of anteroposterior oscillation (mm); V_AP = velocity of anteroposterior oscillation (mm/s);

SD_AP = standard deviation of anteroposterior oscillation (mm).

The ESWT intervention on balance, assessed by the
TUG, SPPB, and FSST tests, did not show a significant
difference in the present study. Similar results, in rela-
tion to the TUG, have been previously reported. The
systematic review by Mihai e et al.?* found that TUG
did not show significant changes after the application
of ESWT in the studies included in the review that used
this test.?>2% It is worth mentioning that the studies
analyzed had the following dosage: pulses of 1,500 to
2,000, frequency of 4 and 10 Hz, with 4 Hz and 5 Hz being
the most used, and pressure energy levels between 0.03
and 0.340 mJ/mm2.24

This result may be due to the fact that, as in the
present study, only one ESWT session was used. Taking
into account the difficulties of the activities proposed
by the, which involve, in addition to the gait pattern and
its complexity, the functions of standing up, returning
and sitting down, it is possible to suggest, in addition
to a greater number of ESWT sessions, that they be per-
formed together with conventional and/or task-specific
physiotherapy exercises.

In addition to the complexity of the tasks, it is
important to emphasize that the action of sitting and
standing up, present in both the SPPB and the TUG,
requires adequate muscle strength. Muscle weakness,

27,28 i

resulting from neural factors and muscle changes, s

one of the main sequelae after stroke. Intrinsic changes

Rosella BG et al.

in muscles, such as changes in muscle fiber phenotype,
hyperelongated sarcomeres, proliferation of connective
tissue, changes in muscle length and muscle atro-
phy,27:29-32
present study, patients in the chronic phase of stroke

require specific training to be reversed. In the

were included, which suggests that musculoskeletal
changes were already established. It is recommended
that studies be carried out using ESWT in the subacute
phase of stroke, when the musculoskeletal changes
secondary to stroke are not yet fully consolidated.

No studies were found in the literature that used
SPPB and FSST as an assessment method after the
use of ESWT in hemiparetic individuals or in other
populations with or without neurological impairments,
which leads to the suggestion that new studies be
conducted with ESWT as an adjuvant in rehabilitation.
According to Stookey et al.,*®> SPPB is a very relevant
test for the post-stroke population and can be used as
a predictor of functional capacity after stroke because
of its relationship with the 6-minute walk test and peak
oxygen consumption (VO, peak). In turn, FSST is related
to the risk of falls in post-stroke individuals.>* Therefore,
it is suggested that new studies be conducted, with a
greater number of ESWT sessions associated with other
physical therapy interventions, to verify whether they
will result in important functional changes reflected by
better performance in the SPPB, FSST and TUG tests.
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Lee and Kim?® also suggested, after conducting a
study that summarized the evidence on the effects of
ESWT in stroke patients, focusing on balance, pain re-
duction, improvement in spasticity and muscle control,
that ESWT should be used as an effective addition to
conventional rehabilitation. The mechanical stimulation
induced by ESWT promotes tissue repair and neuro-
muscular reeducation,*® providing better conditions for
training specific tasks to be performed.

Regarding the area of plantar pressure distribu-
tion, represented by the variables Sur_A and Sur_NA,
and the body sway measurements analyzed by the
baropodometer (Table 3), no significant changes were
observed after the application of ESWT. In the study

conducted by Wu e et al.*

a significant difference
was found in the plantar contact area, passive ankle
mobilization and spasticity; however, unlike the present
study, the authors performed three ESWT sessions with
a one-week interval between them. The use of three
ESWT sessions was recommended by Silveira®” in an in-
tegrative review study. According to the author, three
sessions showed more effective results for the treatment
of lower limb spasticity and variables such as plantar
contact, skills and difficulties in some activities of daily
living and the 10-m walk test.®

A relevant factor was verified by Perry et al.,'? who
investigated the level of sensitivity of the plantar sur-
face in older individuals compared to young adults.
The findings of the study indicate that older people
have a decrease in the sensitivity of the plantar surface
compared to young adults. Furthermore, Ruwer et al.®®
state that aging compromises the ability of the central
nervous system to process the vestibular, visual and
proprioceptive pathways, which are responsible for
balance. Thus, the individuals collected in the present
study, mostly older persons, show changes in balance
and in the distribution of plantar pressure due to the
stroke but also due to the aging process. Thus, one
ESWT session may not have been enough to significantly
influence the variables studied.

The limitations of the study include the small num-
ber of sessions, the dose (number of pulses and energy
emitted) and the small sample size of participants. This
study demonstrated that, at the dose used, one session
was not enough to achieve the main objective of the
study. However, these results are important as a contri-
bution to the scientific literature, since studies on the
subject of ESWT in post-stroke patients are still scarce.

Rosella BG et al.
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Conclusion

A ESWT session at a dose of 1,500 pulses, energy
flux density of 0.1 mJ/mm? and frequency of 5 Hz did
not alter the plantar pressure distribution and static and
dynamic balance of hemiparetic post-stroke individuals.
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