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ABSTRACT
Objectives: This study aims to understand the effectiveness of whole-body vibration (WBV) exercises performed with home exercise
program in patients with post-polio syndrome (PPS) in terms of muscle strength, fatigue, the quality of life, and laboratory parameters.

Patients and methods: Between October 2015 and March 2016, a total of 14 patients (7 males, 7 females; mean age: 45.1+6.6 years;
range, 34 to 57 years) who were diagnosed with PPS were included in the study. The patients were randomized into two groups: the first
group received WBV, home exercise program and patient education while the second (control) group received home exercise program
and patient education. The patients were evaluated by knee isometric and isokinetic peak torque, Fatigue Severity Scale (FSS), Fatigue
Impact Scale (FIS), Nottingham Health Profile (NHP), serum creatine kinase, aspartate aminotransferase, and alanine aminotransferase
at baseline and at the end of the treatment.

Results: At the end of the treatment, the exercise program administered to the patients was found to be effective in increasing knee muscle
strength in PPS patients (p<0.05). This difference was more apparent on the sequela side, isometric extension peak torque in the group with
WBYV. There was no significant change in the markers of muscle damage or NHP in both groups.

Conclusion: Inclusion of WBV in home exercise program in PPS patients does not seem to be superior, except for reducing the effect of
fatigue on the patient's life.

Keywords: Exercise, muscle strength, poliomyelitis, post-polio syndrome, whole-body vibration.

In 1875, the term post-polio syndrome (PPS) was
described by Jean-Martin Charcot;!! however, it took
more than a hundred years for the term to become
widely accepted.

limb fatigue, myalgia, arthralgia to generalized fatigue
and dysphagia. These symptoms cause a significant
impact on patients’ quality of life (QoL). The reported
of prevalence for PPS among polio patients is somewhat

. . . N .
Post-polio syndrome is characterized by the inconsistent, varying between 20 to 85%, depending on

appearance of neurological deficits after a period,
commonly at least 15 years after the initial infection.
It may present with a broad range of symptoms from
rather localized progressive muscle weakness, atrophy,

the diagnostic criteria used.”

Although its preponderance, the PPS remains a
less explained topic. Individuals with PPS usually
have little option for exercise, as it may exacerbate
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PPS symptoms such as pain, fatigue, and muscle
weakness.?’  Although PPS is a syndrome in
which pharmacological and non-pharmacological
treatments are applied for treatment, data on
non-pharmacological treatments are limited.

In Cochrane review published in 2015, Koopman et
al.," reported that data on the effectiveness of muscle
strengthening in PPS was controversial. In two studies,
strengthening thumb muscles and applying static
magnetic field were reliable and effective. There are no
available data on the effectiveness of exercise for major
muscle groups.

In a systematic review analyzing the effectiveness
of exercise in neuromuscular diseases, PPS
studies were also examined. In the review, data
on performing muscle strengthening exercises and
aerobic exercise alone or together have been reported
to be insufficient.

Whole-body vibration (WBV) has become
a popular form of exercise therapy, particularly
among elderly individuals, in past decades. It has
been studied in neurological populations with del
Pozo-Cruz et all® conducting a systematic review
presenting varying results pertaining to impairments,
activity limitations, and health-related QoL. Limited
data are available in the literature about the WBV in
patients with PPS.[

In the present study, we aimed to evaluate the
effectiveness of the exercises and WBV exercises,
which are promising methods in the prevention
of progressive muscle weakness, fatigue and
improvement of the activities of daily living in
PPS patients. Whether these programs damage the
motor units in PPS patients was examined through
laboratory parameters (aspartate aminotransaminase
[AST], alanine aminotransferase [ALT], and creatine
kinase [CK]). The main goal of these programs was
to increase muscle strength and improve QoL, while
not causing damage to the existing motor units and
increasing the level of fatigue through the exercise
programs we used. Therefore, we evaluated the
effectiveness of WBV exercises performed with home
exercise program and patient education in patients
with PPS on muscle strength, fatigue and QoL.
We compared these exercises with home exercise
program and patient education alone.

PATIENTS AND METHODS

This single center prospective, randomized-
controlled study was conducted at Istanbul
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University, Istanbul Faculty of Medicine, Department
of Physical Medicine and Rehabilitation between
October 2015 and March 2016. A total of 14 patients
(7 males, 7 females; mean age: 45.11£6.6 years;
range, 34 to 57 years) who were diagnosed with PPS
according to the 2001 March of Dimes criteria”
were included in the study. Inclusion criteria were
as follows: patients who were diagnosed with
poliomyelitis based on electrophysiologically-
demonstrated lower motor neuron involvement,
aged between 18 and 60 years, having knee flexion
and extension muscle strength of >3/5 according
to the manual muscle strength evaluation, and
walking 300 m alone with or without an assistive
device. Exclusion criteria were as follows: epilepsy,
the presence of a cardiac pacemaker, previous hip
or knee prosthesis, bleeding diathesis, uncontrolled
diabetes, obesity (body mass index [BMI] 230 kg/m?)
and pregnancy. A written informed consent was
obtained from each patient. The study protocol
was approved by the Istanbul University, Istanbul
Faculty of Medicine Ethics Committee (2015/1262).
The study was conducted in accordance with the
principles of the Declaration of Helsinki. The
study was registered at ClinicalTrials.gov PRS
(NCT04387864).

The patients were enumerated according to
their admission order to our outpatient clinic and
randomized into two groups by software (Figure 1).
Home exercise and patient training program were
administered to the control group, while WBV
exercise twice a week, in addition to this program,
was administered to the study group.

Evaluation and follow-up
1. Electrophysiological evaluation

The patients underwent conventional needle
electromyography to demonstrate lower motor neuron
involvement and to exclude conditions similar to PPS
symptoms.

2. Muscle strength assessment

In our study, knee extensor and flexor muscle
strengths were measured using a CybexTM (Humac)
Norm 350 (Cybex Norm, Lumex Inc., NY, USA)
computed isokinetic dynamometer device. Usually,
the same time of day was preferred. Each patient
underwent a total of two measurements before and
after the study. Care was exerted to ensure that the
measurements were performed 48 h after the end of
the exercise.
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‘ Patients diagnosed with PPS (n=14) ‘

Whole-body vibration exercise group (n=7)

Y

Home exercise group (n=7)

v

Initial Assessment
EMG, isokinetic and isometric knee muscle strength, fatigue severity scale, fatigue impact scale,
Nottingham Health Profile, CK, AST and ALT

Y

Whole-body vibration exercise program,
home exercise program and
patient education (n=7)

v
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Home exercise program and
patient education (n=7)
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Post-Treatment Assessment (6" Week)
Isokinetic and isometric knee muscle strength, fatigue severity scale, fatigue impact scale,
Nottingham Health Profile, CK, AST and ALT

Y

Whole-body vibration exercise group (n=7) ‘
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‘ Home exercise group (n=7)

‘ Statistical analysis (n=14) ‘

Figure 1. Study flow chart.

PPS: Post-polio syndrome; EMG: Electromyography; CK: Creatine kinase; AST: Aspartate

aminotransaminase; ALT: Alanine aminotransferase.

a. Isokinetic test protocol

In the knee of the healthy lower extremity, the
lever arm of the device was set from 90-degree flexion
to full extension. Extension-flexion was performed
on the healthy leg three times at a velocity of 60°s
without resistance, after a six-second break, extension-
flexion isokinetic contraction was performed three
times with maximum force. In the sequela knee of the
lower extremity, the lever arm of the device was set
to be the maximum range of motion the patient can
do. Extension-flexion was performed the same with
healthy extremity. In all isokinetic tests, the healthy
leg was first completed, and then the sequela leg.
Additionally, we did not detect any measurement error
for isokinetic muscle torque measurements.

b. Isometric test protocol

After the isokinetic measurements, the patients
took a 2-min break. Afterwards, isometric extension
was performed on the knee of the healthy leg two
times with light force, with a contraction of 5 sec
at a 90-degree joint angle (warm-up); after a 6-sec
break, isometric extension was performed twice with
maximum force, with a contraction of 5 sec. A 6-sec

rest period was given between the isometric extension
contractions. The same procedure was then performed
for the sequela leg.

3. Fatigue assessment
a. Fatigue severity scale (FSS)

The FSS is a scale developed to measure the
severity of fatigue which measures the severity of
fatigue within the previous month. The scale consists
of nine items, and each item is rated on a 7-point
scale. High scores indicate fatigue, while a score of
>28 points indicate the presence of fatigue.® It is
valid and reliable assessment scale for evaluating
PPS-related fatigue.”

b. Fatigue impact scale (FIS)

The FIS was developed to evaluate fatigue
symptoms in chronic diseases. It assesses the
effects of fatigue on three dimensions of daily life
activities: cognitive function, physical function,
and psychosocial function. The scale questions the
previous month. Each question is rated between
0 and 4 (no-maximum problem). The highest score
is 160 points.'® The Turkish validity and reliability
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study of the FSS and FIS scales were conducted
by Oncu et al.'¥ and both scales were found to be
reliable.

4. Quality of life assessment
a. Nottingham health profile (NHP)

This scale includes a total of 38 items and consists
of six dimensions. Pain and physical activity are
questioned in eight items, sleep in five items, fatigue in
three items, social isolation in five items and emotional
reaction are questioned in nine items."? The NHP is
one of the most frequently used instruments to assess
QoL of polio survivors.!>

5. Muscle damage assessment

The levels of CK, AST, and ALT were studied in the
serum of the patients before and 48 h after the exercise
program was completed to evaluate muscle damage.

Interventions
1. Whole-body vibration exercise

The patientsinthe WBV exercise group underwent
WBV exercise sessions two days a week (72 h in
between) for a total of six weeks. Each exercise
session was performed under the supervision of a
physician.

Before each vibration, the patients underwent
5 min of stretching exercises, particularly for the
quadriceps muscle (warm-up program). After
each vibration, 10 min of stretching exercises were
performed, particularly for the quadriceps muscle
(cool-down program).

The patients received support from both hands on
the WBV platform and both knees were positioned
statically at 40° to 60° degree flexion (high squat
position). All patients stood on the platform with
sports socks to avoid the shoes absorbing vibration.
The patients were not allowed to change position
during vibration. Vibration was given by a Power
Plate® (pro5™; Power Plate North America, Inc., IL,
USA) device where a three-plane oscillation occurs
(most vertical, Z axis). In all vibrations, 30-Hz
frequency and 2-mm amplitude (low amplitude)
were used. The vibration time was set to be 30 sec
in the first two weeks, 45 sec in the next two weeks,
and 60 sec in the last two weeks. The repetition
of vibration was increased by one repetition every
week, starting with five, and 10 repetitions were
given in the last week. A 1-min rest period was given
between each repetition.
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2. Home exercise program

The home program, which included isometric and
isotonic exercises, was followed at home for six weeks.
Three sets of quadriceps setting as five repetitions,
5-sec contractions, and three sets of isotonic
quadriceps exercise in seating position with weights as
12 repetitions were administered to be performed two
days a week. While the patients included in the study
group attended to WBYV exercise two days a week, the
patients in the control group performed quadriceps
setting exercises also on those days. The patients were
invited to the physician follow-up on Wednesday
every week for motivation and follow-up. The rate
of compliance of the patients to the home exercise
program was 89.3%.

Statistical analysis

The sample size was calculated in dependent
groups using the “ankle weight lifted” variable
as previously described (d: 1,32, a: 0,05, 1-B err
prob: 0,99).1% Statistical analysis was performed
using the IBM SPSS for Windows version 20.0
software (IBM Corp., Armonk, NY, USA).
Descriptive data were expressed in mean * standard
deviation (SD), median (25"-75" percentiles) or
number and frequency, where applicable. The
Kolmogorov-Smirnov normality test was used to
test the normality of the total scores. The median
scores were compared using the Mann-Whitney
U tests and Wilcoxon test. A p value of <0.05 was
considered statistically significant.

RESULTS

The demographic characteristics of the
participants were similar between both groups
(for age p=0.620; for sex p=0.593). When the
post-treatment change was analyzed separately,
there was no statistically significant difference
between the WBV group and the control group
before the treatment in terms of muscle strength,
ESS, FIS-cognitive, FIS-physical, and NHP subscales
scores (for each one, p>0.05). The FIS-psychosocial
and FIS-total scores decreased with treatment in the
WBYV group, but did not change in the control group
(Tables 1 and 2).

When the post-treatment recovery rates were
compared, following addition of WBV program to
home exercise program, it constituted a statistically
significant difference in the total score by influencing

cognitive psychosocial dimensions and total of FIS
(Table 3).
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TABLE 1
Distribution of post-treatment change in scale scores in WBV group
WBYV group
Pre-treatment Post-treatment Test statistics
Median IQR 25 IQR 75 Median IQR 25 IQR 75 p

ESS 48.00 42.00 58.00 35.00 29.00 46.00 0.063
FIS-cognitive 8.00 1.00 18.00 6.00 0.00 9.00 0.207
FIS-physical 13.00 8.00 30.00 10.00 7.00 21.00 0.138
FIS-psychosocial 24.00 7.00 41.00 6.00 3.00 27.00 0.028
FIS-total 45.00 14.00 89.00 23.00 11.00 54.00 0.028
NHP-pain 50.00 25.00 75.00 37.50 12.50 62.50 0.414
NHP-physical 25.00 25.00 37.50 37.50 12.50 37.50 0.705
NHP-fatigue 33.33 0.00 66.67 0.00 0.00 66.67 0.317
NHP-sleep 20.00 20.00 40.00 20.00 20.00 40.00 0.317
NHP-social 0.00 0.00 20.00 0.00 0.00 40.00 0.317
NHP-emotional 0.00 0.00 55.56 0.00 0.00 11.11 0.066
WBV: Whole-body vibration; IQR: Interquartile range; FSS: Fatigue severity scale; FIS: Fatigue impact scale; NHP: Nottingham health profile; Wilcoxon test was used in
dependent groups.

For muscle strength, the isokinetic flexion peak
torque (IKFPT) on the healthy side and the isometric
extension peak torque (IMEPT) on the sequela side
statistically significantly increased in the WBV
group after the treatment (p=0.043 and p=0.034,
respectively). There was no statistically significant
change in the other torque values in the WBV group
(Table 4).

On muscle strength test performed in the control
group, there was a statistically significant increase in
the IKEPT of the sequela side and in the IKFPT of
the sequela side and in the IMEPT of the healthy and
sequela side after the treatment (p=0.018, p=0.027,
p=0.018, and p=0.018, respectively). There was no
statistically significant difference in other torque
values (Table 5). No significant difference was

TABLE 2
Distribution of post-treatment change in scale scores in control group
Control group
Pre-treatment Post-treatment Test statistics
Median IQR 25 IQR 75 Median IQR 25 IQR 75 p

FSS 55.00 46.00 59.00 40.00 35.00 59.00 0.735
FIS-cognitive 18.00 2.00 24.00 18.00 4.00 28.00 0.071
FIS-physical 24.00 13.00 33.00 29.00 8.00 35.00 1.000
FIS-psychosocial 44.00 8.00 61.00 50.00 12.00 64.00 0.270
FIS-total 86.00 23.00 119.00 103.00 20.00 130.00 0.233
NHP-pain 62.50 25.00 62.50 50.00 0.00 75.00 0.480
NHP-physical 37.50 25.00 75.00 37.50 25.00 62.50 0.257
NHP-fatigue 33.33 .00 66.67 33.33 0.00 66.67 0.317
NHP-sleep 20.00 20.00 40.00 20.00 20.00 40.00 1.000
NHP-social 0.00 0.00 60.00 0.00 0.00 60.00 1.000
NHP-emotional 11.11 .00 55.56 0.00 0.00 55.56 0.577
IQR: Interquartile range; FSS: Fatigue severity scale; FIS: Fatigue impact scale; NHP: Nottingham health profile; Wilcoxon test was used in dependent groups.
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TABLE 3
Comparison of post-treatment changes in scale scores in study groups
Control WBV Test statistics
Median IQR 25 IQR 75 Median IQR 25 IQR 75 p

ESS 2.00 -20.00 9.00 -10.00 -23.00 -2.00 0.456
FIS-cognitive 2.00 0.00 4.00 -1.00 -13.00 1.00 0.038
FIS-physical 0.00 -4.00 3.00 -1.00 -10.00 0.00 0.128
FIS-psychosocial 4.00 -1.00 8.00 -10.00 -37.00 -4.00 0.017
FIS-total 3.00 -3.00 18.00 -7.00 -60.00 -3.00 0.011
NHP-pain 0.00 -12.50 12.50 0.00 -12.50 0.00 1.000
NHP-physical 0.00 -12.50 0.00 .00 -12.50 12.50 0.620
NHP-fatigue 0.00 0.00 0.00 0.00 0.00 0.00 0.456
NHP-sleep 0.00 0.00 0.00 0.00 0.00 0.00 0.710
NHP-social 0.00 0.00 0.00 0.00 0.00 0.00 0.710
NHP-emotional 0.00 -11.11 0.00 -11.11 -22.22 0.00 0.456
WBV: Whole-body vibration; IQR: Interquartile range; FSS: Fatigue severity scale; FIS: Fatigue impact scale; NHP: Nottingham health profile; Wilcoxon test was used in
dependent groups.

TABLE 4
Distribution of post-treatment change in muscle strength in WBV group

WBYV group
Pre-treatment Post-treatment Test statistics
Median IQR 25 IQR 75 Median IQR 25 IQR 75 p

IKEPT-Healthy (60°/s, Nm) 71.00 52.00 193.00 95.00 76.00 201.00 0.063
IKEPT-Sequela (60°/s, Nm) 12.00 9.00 38.00 18.00 12.00 68.00 0.310
IKFPT-Healthy (60°/s, Nm) 43.00 34.00 96.00 54.00 50.00 118.00 0.043
IKFPT-Sequela (60°/s, Nm) 24.00 12.00 31.00 30.00 12.00 49.00 0.108
IMEPT-Healthy (MVC, Nm) 96.00 77.00 170.00 119.00 84.00 179.00 0.108
IMEPT-Sequela (MVC, Nm) 22.00 12.00 60.00 23.00 20.00 83.00 0.034
WBV: Whole-body vibration; IQR: Interquartile range; IKEPT: Isokinetic Extension Peak Torque; Nm: Newton-meter; IKFPT: Isokinetic Flexion Peak Torque; IMEPT: Isometric
Extension Peak Torque; MVC: Maximal voluntary contraction; Wilcoxon test was used in dependent groups.

TABLE 5
Distribution of post-treatment change in muscle strength in control group

Control
Pre-treatment Post-treatment Test statistics
Median IQR 25 IQR 75 Median IQR 25 IQR 75 p

IKEPT-Healthy (60°/s, Nm) 46.00 20.00 114.00 80.00 27.00 104.00 0.398
IKEPT-Sequela (60°/s, Nm) 12.00 7.00 14.00 23.00 12.00 24.00 0.018
IKFPT-Healthy (60°/s, Nm) 43.00 38.00 77.00 53.00 37.00 75.00 0.233
IKFPT-Sequela (60°s, Nm) 14.00 5.00 18.00 22.00 9.00 37.00 0.027
IMEPT-Healthy (MVC, Nm) 73.00 23.00 111.00 111.00 28.00 149.00 0.018
IMEPT-Sequela (MVC, Nm) 18.00 16.00 26.00 27.00 22.00 41.00 0.018
IQR: Interquartile range; IKEPT: Isokinetic Extension Peak Torque; Nm: Newton-meter; IKFPT: Isokinetic Flexion Peak Torque; IMEPT: Isometric Extension Peak Torque; MVC:
Maximal voluntary contraction; Wilcoxon test was used in dependent groups.
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TABLE 6
Distribution of post-treatment change in laboratory parameters in the groups
Pre-treatment Post-treatment Test statistics
Median IQR 25 IQR 75 Median IQR 25 IQR 75 p

AST 20.00 18.00 23.00 21.00 16.00 26.00 0.606
WBV ALT 21.00 13.00 42.00 20.00 10.00 31.00 0.062

CK 218.00 118.00 494.00 137.00 101.00 403.00 0.499

AST 20.00 18.00 26.00 20.00 19.00 28.00 0.168
Control ALT 19.00 16.00 34.00 25.00 16.00 31.00 0.917

CK 188.00 145.00 267.00 181.00 108.00 367.00 0.866
WBYV: Whole-body vibration; IQR: Interquartile range; AST: Aspartate aminotransferase; ALT: Alanine transaminase; CK: Creatine kinase; Wilcoxon test was used in dependent
groups.

observed in the amount of change in muscle strength
between the groups (p>0.05 for all).

Furthermore, there was no statistically significant
difference in the change in post-treatment laboratory
parameters (AST, ALT, CK) between the WBV group
and control groups, and no change which would give
rise to the thought of muscle damage (p>0.05 for all).

DISCUSSION

Exercise is known to cause muscle damage to
varying extents. Muscle damage is a condition that
causes exhaustion, loss of function, weakness and pain
in muscles after unfamiliar and heavy exercise.!"

Considering the results of our study, it was found
that WBV exercises performed in addition to home
exercises for six weeks in PPS patients with lower
extremity weakness increased the values of isokinetic
and isometric quadriceps muscle contraction in
both healthy and sequela legs. Similarly, in the home
exercise group, the values of isokinetic and isometric
quadriceps muscle contractions were increased in
both legs. When the post-treatment muscle strength
parameters were compared between the groups, we
found no significant difference. In both groups, there
were no statistically significant changes in the level
of enzymes, indicating no muscle damage. In both
exercise programs, there was no statistically significant
difference in the fatigue level and QoL. Although the
addition of WBV treatment to home exercise program
did not change the severity of fatigue, it changed
the effect of fatigue, and the psychosocial status and
cognitions of patients were better, when the difference
between the changes in the two groups was examined.

There is a limited number of studies evaluating
the effectiveness of different types of exercise when

applied together or alone in PPS; however, there are
few studies investigating WBV exercises in patients
with poliomyelitis."”*! A study which is a pilot study
including five patients,'” in the studies of Da Silval'”
and Da Silva et al.,'*! different WBV intensities were
compared and it was reported that applying high
intensity before low intensity was more effective on
walking distance and pain. There is still no consensus
on the use of WBV exercises in muscle strengthening
in addition to other treatment methods or as a separate
treatment method. It has been stated that WBV
exercises alone would not be sufficient in preventing
other risk factors associated with the cardiovascular,
metabolic or musculoskeletal system, and the WBV
treatment is not an intervention to replace conventional
exercises.”” It has been recommended that WBV
exercises are not performed alone, but in combination
with a conventional exercise program.?! Therefore,
WBYV exercises were performed in combination with
quadriceps strengthening exercises as home exercise in
our study. Following the same home exercise program,
both exercise groups allowed for the isolated effects of
WBYV exercises to be estimated.

When the results of our study are evaluated, the
home exercise program performed for six weeks
has been shown to provide a statistically significant
increase in both healthy and sequela leg quadriceps
IMEPT (p=0.018 and p=0.018). Moreover, WBV
exercises added to home exercise for six weeks have
been shown to provide a significant increase in the
quadriceps IMEPT in the sequela leg (p<0.001).

The study by Chan et al.?? is the only
randomized-controlled study examining muscle
strength in PPS accompanied by exercise program.
The study included 10 PPS patients with at least one
upper extremity involvement and a strengthening
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program for the thenar muscles was given to a
group. At the end of 12 weeks, the exercise group
achieved a significant increase in muscle strength
compared to the control group. We examined the
number of motor units before and after treatment
electrophysiologically, and the exercise was not found
to have harmful effects. The results of our study are
similar to the study of Chan et al.?? Our study is the
first randomized-controlled study examining the
effect of strengthening exercises on muscle strength
in PPS patients with lower extremity involvement. It is
also important in terms of prospective, randomized-
controlled analysis of the effectiveness of exercise in
the large muscle group.

Review of the literature reveals that the first study
examining the effectiveness of WBV exercises in
poliomyelitis patients was conducted by Brogirdh
et al.™ In this study, two sessions of WBV exercises
per week for five weeks were administered to five
patients who had poliomyelitis sequelae in the lower
extremity. There was no significant difference in terms
of isometric and isokinetic knee extension muscle
strength values and walking performance tests of the
patients.

In a meta-analysis study including healthy
individuals, significant effects of exercises along with
WBYV on extensor muscle strength of both knees were
shown compared to the control group.?”

There is no PPS-specific scale to assess QoL. The
NHP, Short Form-36 (SF-36), and FIS are the most
frequently used scales. The studies conducted with
these scales have shown that new symptoms associated
with PPS lead to loss of function and a significant
deterioration in QoL."2#2¢ These studies have always
focused on the effect of new muscle weakness on QoL,
and not on the effect of fatigue. However, fatigue is the
most disturbing symptom for patients with PPS." In
a study conducted by Nollet et al.,'® muscle weakness
was shown to affect QoL only partially.

The main limitations of the present study are the
low number of patients and relatively short follow-up.
Difficulty in mobilization of patients, difficulty in
attending to the hospital, mostly not being able to
use public transportation, and difficulties in finding
car parking space limited the number of patients
included in the treatment program. However, the
patients attended to the hospital regularly after
starting treatment and there were no patients who
walked out of control during follow-up. This is
significant in the patients who experience functional
limitation such as PPS, as reported by Da Silva et

Turk J Phys Med Rehab

al.'® In addition, since muscle strengths were desired
to be evaluated as isokinetic and, thus, individual
errors were attempted to be avoided, the patients
were required to be at height and weight that could
be attached to the isokinetic device, to be able to
adapt to the device, and to have at least three-strength
quadriceps muscles in the sequelae leg.

On the other hand, the main strengths of
our study are the inclusion of patients with
electrophysiologically-demonstrated lower motor
neuron involvement, electrophysiological exclusion
of conditions with symptoms resembling PPS,
isokinetic evaluation of muscle strength along with
the laboratory measurement of possible side effects,
and evaluation of QoL and treatment efficacy. An
increase in the peak isometric torque of quadriceps,
which is a very significant muscle in walking in lower
leg extremity, has been shown with the application of
the exercise program.

In conclusion, regular home exercise program
should be recommended to polio patients, particularly
to PPS. Patients' fears about exercise should be
overcome with training, and it should be kept in mind
that WBV exercises can be administered. Further
large-scale studies with a long-term follow-up are
needed to evaluate the effectiveness of treatment
method of WBV whether alone or including WBV to
home exercise program in PPS patients.
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