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ABSTRACT

Objectives: The aim of this study was to investigate the effectiveness of whole-body vibration exercise (WBVE) and core stabilization
exercise (CSE) on pain, muscle strength, and functional recovery in patients with chronic non-specific low back pain (NLBP).

Patients and methods: Between June 2016 and July 2017, a total of 74 patients with NLBP (12 males, 62 females; mean age: 44.7+8.9 years;
range, 24 to 64 years) were included in this prospective, randomized-controlled study. The patients were randomly assigned to WBVE group
(WBVEG, n=25), CSE group (CSEG, (n=25), and home exercise group as the control group (CG, (n=24). All groups performed 24 sessions
of exercise for a total of eight weeks. Clinical outcome was measured using the Visual Analog Scale (VAS), Roland-Morris Disability
Questionnaire (RMDQ), computerized isokinetic muscle strengths (IMS) and progressive isoinertial lifting evaluation (PILE) test.

Results: The VAS and RMDQ scores in WBVEG and CSEG statistically significantly decreased (p<0.05). The difference between the
pre-treatment and at three-month VAS scores during intense activity were significantly different in both WBVEG and CSEG than the
CG (p<0.05). The IMS values, except for the isokinetic flexion total work (IKFTW), increased significantly in all three groups (p<0.05).
The IKFTW values increased significantly in the WBVEG and CSEG (p<0.05). A statistically significant increase in the functional work
performance with PILE was observed in all three groups (p<0.05). The differences between the pre-treatment and three-month PILE test
(ground to back and back to shoulder) were significantly different in both WBVEG and CSEG than the CG (p<0.05).

Conclusion: In the treatment of chronic NLBP, WBVE and CSE appear to be effective in pain and functionality. Although there was a
significant improvement in muscle strength and functional work performance in all three groups, greater improvements were observed in
the WBVEG and CSEG than the CG.

Keywords: Chronic non-specific low back pain, core stabilization, isokinetic muscle strengths, whole-body vibration.

Low back pain (LBP) is a significant public health have been described in CLBP.®! Core stabilization

issue worldwide.! In patients with chronic LBP
(CLBP), treatments such as exercise and education
that actively involve the patient in the treatment are
recommended.” The key to conservative treatment
of CLBP is exercise therapy. Many types of exercise

exercises (CSEs) are based on the stabilization
of key core muscles, including techniques for
finding and maintaining the neutral position, the
region where spinal movements encounter minimal
resistance, and where movement can be performed
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Effects of whole-body vibration in low back pain

loosely and flexibly with minimal energy. Neutral
zone must be stabilized to prevent back pain."
Abdominal bracing is continued throughout the
exercise. Motor control of local muscles is affected
in individuals with LBP. The main goal of motor
control exercises is to improve the local muscles. It
is widely applied in the rehabilitation of mechanical
LBP, disc herniation and postoperative patients.**
Whole-body vibration exercise (WBVE) is a novel
treatment method. It is defined as a mechanical
repetitive motion or oscillatory motion that occurs
around a balance point and used to maintain or
increase bone mineral density, preserve and increase
muscle strength, improve balance and mobility,
reduce the risk of injury associated with falls,
reduce age-related articular cartilage damage, and
increase tissue perfusion.® The contact surface of
the platform transfers a vibration to the total body.
This vibration generates quick changes in muscle
length, and the tension of the muscles is detected
by proprioceptors and the tonic vibration reflex is
activated. Tonic vibration reflex, in turn, provides
periodic contraction and relaxation of muscles.l*”
The vibration limits for comfort, performance, and
safety have been established by the International
Organization for Standardization (ISO), taking
into account the known work-related hazards.®
It is recommended to use frequencies between
20 and 70 Hz as a reliable range for WBVE.! Side
effects of WBVE are plantar fasciitis, itching in the
legs, blurred vision, tinnitus, Raynaud's syndrome,
orthostatic hypotension, dizziness, exacerbation of
soft tissue and joint injuries, temporary fullness in
the ear, headache, and intraocular lens dislocation
that can be seen after cataract surgery. The WBVE
is not recommended in the presence of kidney
stones or gallstones, severe diabetes, arrhythmia,
acute thrombosis or hernia, pregnancy, hypotension,
intrauterine device, epilepsy, cancer, pacemaker,
untreated orthostatic recent surgery, migraine, acute
rheumatoid arthritis, and severe cardiovascular
disease.!*!

Chronic non-specific LBP (NLBP) is an important
clinical, social, and economic health issue. There
are few studies evaluating the effectiveness of CSE
and WBVE in the treatment of chronic NLBP and
different protocols are applied in these studies.!”
In the present study, we aimed to compare the
effectiveness of WBVE versus CSE on pain, muscle
strength, and functional recovery in patients with
chronic NLBP.
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PATIENTS AND METHODS
Study design and study population

This single center prospective, randomized-
controlled study was conducted at Istanbul University,
Istanbul Faculty of Medicine Department of Physical
Medicine and Rehabilitation between June 2016 and
July 2017. Eighty four patients were included in the
study. Ten patients dropped out during the study
period and evaluations were made on 74 patients.
A total of 74 patients (12 males, 62 females; mean
age: 44.7+8.9 years; range, 24 to 64 years) diagnosed
with chronic NLBP were included in this study and
randomized into three groups using a computer-based
randomization program. The first group was given
WBVE and classic lumbar home exercises (WBVEG,
n=25). The second group was given CSE and classic
lumbar home exercises (CSEG, n=25). The third
group received only classic lumbar home exercises as
the control group (CG, n=24). Study flow chart are
delivered in Figure 1.

Interventions

The patients in the WBVEG applied 24 sessions
of WBVE, three days a week (with minimum one day
of rest between every session) under the supervision
of a physiatrist for a total of eight weeks. Stretching
exercises for 5 min, particularly for the quadriceps
muscle and trunk extensor muscles, were performed
before each vibration (warm-up program) and after
each vibration (cooling program). The patients
exercised in three different positions on the WBVE
platform. In the initial exercise position, the knee
angle was adjusted to 120° to abate the transmission
of vibrations to the upper body (spine and head) and
increase the load on the leg muscles. In the second
position, the patients were statically positioned in the
bridge position with both foot soles on the platform. In
the last position, the patients were statically positioned
in the push-up position, with both hands on the
platform. All patients were taken to the platform
with sports socks (without shoes) to avoid the shoe
absorbing the vibration. The patients were not allowed
to change positions during the vibration. The vibration
was given by the Power Plate® (pro5TM; Power Plate
North America, Inc., Northbrook, IL, USA) device
where a three-plan oscillation took place. In all
vibrations, a frequency of 25 Hz and 2 mm amplitude
(low amplitude) were used. Vibration duration was
increased at four weeks (Table 1). All patients in
WBVEG were questioned about the side effects related
to WBVE at the end of the program. The patients in
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TABLE 1
Whole-body vibration exercise variables

Exercise position Duration (sec) Duration (sec)  Repetition Frequency Peak (peak) Amplitude Rest time
0-4 weeks 4-8 (Hz) Acceleration (g) (mm) (sec)
Squat 30 60 25 3.6 2 30
Bridge 30 60 25 3.6 2 30
Push-up 30 60 25 3.6 2 30

the WBVEG were additionally given a classic lumbar
home exercises and instructed to do it for a total of
eight weeks.

A total of 24 sessions of CSE program was applied to
the patients in the CSEG. The duration of the program
was eight weeks and it was applied for three days a week
(at least one day rest between each session). Each session
was performed with an average of eight to 10 patients.
It was set as a 35-min program, of which 5 min were
to warm-up. Reducing lumbar lordosis by contracting
and pulling the abdominal muscles before starting
the exercise, the pelvis was moved forward and back
to teach lumbar and pelvic neutral positions. Neutral
position was established before each session and care
was taken to maintain the neutral position throughout
the exercise. The exercises consisted of three levels and
were applied gradually. The patients in the CSEG were
also given a classic lumbar home exercise program and
instructed to do it for a total of eight weeks.

The patients in the CG received only a home
exercise program. All participants received a written
descriptive plan and explanation of the program.
All exercises including pelvic tilt and exercises for
abdominal strengthening flexion and extension
(Williams-McKenzie) were shown by a physiatrist
following an elaborate physical examination. The
patients were advised to complete the exercises three
days a week. The exercises were arranged as five
repetitions in the first week, 10 repetitions in the
second week, and 15 repetitions in the remainder
of the eight-week program. The intensity of the
exercises was increased to a level that the patients
could tolerate. All patients were reminded to do the
exercises regularly.

Baseline evaluation included obtaining
demographic data (sex, age, body mass index [BMI],
and symptom duration). Pain severity was evaluated
using the Visual Analog Scale (VAS) and the patients
were asked to rate their pain levels during rest and
activity from 0 to 10 by considering 0 as “no pain”,
5 as “moderate pain” and 10 as “pain felt with
unbearable severity”. The Roland-Morris Disability

Questionnaire (RMDQ) was used for functional
evaluation. This scale was modified from the Sickness
Impact Profile and was designed to evaluate the
patient's functional disability. The total score ranges
from 0 (no disability) to 24 (severe disability).!
Progressive isoinertial lifting evaluation (PILE) test
was used to measure functional work performance
and weight lifting capacity. Women started the test
by lifting 5 lbs (2.5 kg) and men 10 lbs (5 kg). The
patients lifted a box with weights four times for
30 sec, first from the floor to the waist level and, then,
from the waist to the shoulder level. The test was
terminated, when the patient reached psychophysical
limit (e.g., fatigue or fear), aerobic limit (when
reaching 85% of heart rate) or safety limit (more than
50% of body weight should not be removed).?

In our study, computerized isokinetic muscle
strength (IMS) measurement was performed on trunk
extensor and flexor muscles. Body extensor and flexor
muscle strengths were measured using the CybexTM
Humac Norm 350 (Cybex Norm, Lumex Inc,
Ronkonkoma, NY, USA), a computerized isokinetic
dynamometer machine. The device was calibrated at
an error of 0.001. In accordance with the test protocol,
the patients were prepared for testing and exercise
before starting the recordings. The main protocol was,
then, applied (Figure 2). The assessors who measured
IMS were blinded to the participants. All participants
were evaluated at baseline, after treatment (Week 8),
and at three months after the treatment (Week 20).

Statistical analysis

The study power and sample size calculation
were performed using the G*Power version 3.1.9.7
software (Heinrich-Heine-Universitat Disseldorf,
Diisseldorf, Germany). Analysis of variance (ANOVA)
(repeated measures, within factors) test was performed
in repeated measurements to determine VAS score
changes (group x time). Partial eta-squared score was
calculated as 0.079. Accordingly, with an effect size
of the study of 0.292, an alpha value of 0.05, and a
sample size of 74, the post-hoc power of the study was
calculated as 0.99 (Figure 2).
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Chronic nonspecific low back pain
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Figure 1. Study flow chart.

‘ 4 reps at 60°/s speed isokinetic body with maximum force extension-flexion ‘

Y

‘ 6 seconds of rest ‘

!

‘ 5 trial isokinetic trunk extension-flexion at 90°/s speed (example) ‘

!

120 seconds of rest and transition to the basic protocol

Y

‘ 4 trial isokinetic trunk extension-flexion at 60°/s speed (example) ‘

v

‘ 6 seconds of rest ‘

Y

‘ 15 reps at 90°/s speed maximum isokinetic trunk extension-flexion ‘

Figure 2. Isokinetic test protocol.
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Statistical analysis was performed using the IBM
SPSS for Windows version 22.0 software (IBM Corp.,
Armonk, NY, USA). Intention-to-treat analysis was
performed to analyze the data. Descriptive data
were expressed in mean * standard deviation (SD),
median (min-max) or number and frequency. The
distribution of variables was checked using the
Kolmogorov-Smirnov test. In the group comparison
of data without normal distribution, the Wilcoxon
and Friedman tests were used and the Kruskal-Wallis
variance analysis was used for the inter-group
comparison, followed by the Games-Howell post-
hoc test. For the data with normal distribution,
repeated measures ANOVA was performed for VAS
scores with group, time, and interaction of time and
group, followed by the Bonferroni post-hoc test. The
paired t-test was used for intra-group comparisons.
A p value of <0.05 was considered statistically
significant.

RESULTS

All patients included in the study were divided into
three groups with respect to age, sex, BMI, symptom
duration, VAS scores, and baseline characteristics
(p>0.05) (Table 2).

There was a significant difference in the VAS
score changes of pre-treatment, post-treatment, and
post-treatment third month measurements among
the groups (p=0.023). The VAS pain scores of the
home exercise group were higher than the other two
groups (p<0.001). No significant difference was found
in the VAS scores of pre-treatment, post-treatment,
and post-treatment third month measurements of the
home exercise group (p=0.214). Intensive activity VAS
sores in the WBVEG and CSEG significantly decreased
after the treatment and at post-treatment third month,
compared to pre-treatment scores (p<0.001).

A statistically significant increase in the functional
work performance with PILE test was observed in all
groups (p<0.05). In the inter-group comparisons, the
difference between pre-treatment and third-month
PILE test (ground to back and back to shoulder) were
significantly different in both WBVEG and CSEG than
the CG (p<0.05) (Table 3).

There was a statistically significant improvement
in the RMDQ in the WBVEG and CSEG after
treatment and at post-treatment third month,
compared to pre-treatment (p<0.001). However, there
was no significant difference in the inter-group
comparison (p>0.05) (Table 4).
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There was a statistically significant increase
in the isokinetic flexion peak torque (IKFPT),
isokinetic extension peak torque (IKEPT), and
isokinetic extension total work (IKETW) values in
all three groups (p<0.001). There was a statistically
significant increase in the IKFTW values in WBVEG
and CSEG (p<0.001). The increase in IKFTW levels
was statistically significant in CG (p<0.05). In the
inter-group comparisons, the difference in the value
of IKEPT compared to the pre-treatment values after
treatment was statistically significantly higher in the
WBVEG than the CSEG (p<0.05) (Table 4).

In the WBVEG, headache was observed in six
patients, orthostatic hypotension in four patients,
burning sensation in the legs in three patients, burning
sensation in the soles of one foot, fullness in the
ears in two patients, and dizziness in one patient
after treatment. However, all these side effects were
transient and did not recur. Therefore, none of these
patients withdrew from the study. In two patients,
temporary dizziness developed after the first WBVE
session, and the patients voluntarily withdrew from
the study.

DISCUSSION

In many studies, although there is no significant
difference between women and men in terms of
LBP prevalence, it has been shown that the back
pain prevalence is high in women."*" Similarly, in
our study, 83.8% of the patients were females. Age
is one of the most important risk factors for LBP.
The incidence of LBP peaks in the third and fourth
decades of life, and the overall prevalence increases
with age (up to 60-65 years) and, then, gradually
decreases."® In our study, the patients between 23 and
59 years of age were included and the mean age was
43.7+8.9 years, consistent with the literature.

The primary objective of our study was to
evaluate the effects of WBVE modality in patients
with chronic NLBP. It is a new exercise modality
and, thus, there is limited evidence in the literature
to support the use of WBVE for the treatment
of LBP.®! In a current review, there is limited
evidence suggesting that WBVE is beneficial for
NLBP, and it has not been concluded that it is an
effective intervention due to the little sample size
and statistical heterogeneity."”? In addition, the
optimum parameters for use in clinical practice are
unclear.'® There is no consensus on the use of WBVE
to increase muscle strength, in addition to other
treatment methods or separately. It is recommended
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that WBVE are not applied alone, but with a
conventional exercise program.'>? Likewise, we
applied WBVE combined with classic lumbar home
program in our study. Transmission of vibration to
the body and its response on the musculoskeletal
system is affected by vibration parameters such as
the frequency, acceleration, direction, and duration
of the vibration. Also, the frequency and duration of
the exercises performed on the vibration platform
are also affected by factors such as the individual’s
posture on the platform, the rigidity of the platform,
whether the person is barefoot, and the body parts
have different resonance frequencies.” In our study,
similar to the study of Zheng et al.,?! we exercised the
patients in three different positions: squat position
(knee angle set to 120°), bridge position (both foot
soles on the platform), and push-up position (both
hands on the platform).

In the literature, in terms of posture on the WBVE
platform in CLBP, del Pozo-Cruz et al.?? and Boucher
et al.l® performed the exercise knees flexed in the
squat position, while Rittweger et al.®¥ applied slow
oscillations, rotation, and additional weight on the
platform, instead of a fixed posture. Wang et al.,t¥
in their series, used the upright posture, deep squat,
back extension posture, bridge position and push-up
position. In the current literature, the vibration
parameters of the WBVE and exercise protocols
applied in CLBP are different. These different practices
make it difficult to compare studies with each other
and to prepare guidelines for the clinical use of
WBVE." Perraton et al.l% reported that there was
insufficient evidence for the use of WBVE in CLBP.
In the literature, WBVE contributes to pain reduction
and functional recovery, increases lifting capacity, and
reduces the risk of falling in chronic NLBP. The results
of our study also support the current literature in terms
of pain, functional recovery, and lifting capacity.2>*4

In a systematic review, it has been suggested that
there is a strong evidence that stabilization exercises
are not superior to other active exercise forms in the
long-term.? In a meta-analysis, studies comparing
CSE with a general exercise program in patients with
CLBP were evaluated and it was concluded that CSE
was superior to the traditional exercise program in
terms of pain and functionality in the short-term,
but this difference decreased in the long-term.?? The
results of our study also showed that CSE was more
effective in the short-term in terms of pain reduction
and functionality, compared to the classic lumbar
home exercise program in patients with chronic
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NLBP. In the literature, however, there are no studies
evaluating CSE efficacy with IMS measurement in
patients with CLBP.

Compared to CG, in our study, pain reduction and
functional improvement were observed in the WBVG
and CSE. However, the increase in trunk flexor muscle
strength was observed in all three groups. Extensor
muscle strength change was more in the WBVE group
than the CSE group and CG. Unlike other studies
using the device, it may be related to exercising not
only in the squat position, but also in the bridge and
push-up positions.

In another meta-analysis, the occurrence of
adverse effects associated with WBVE was found
to be rare.l” Only 29 of 455 participants in the
WBVEG experienced potentially adverse effects
associated with WBVE exposure. The effects were
mild and usually lessened in other sessions. In
general, WBVE was well tolerated in older adults, but
it was emphasized that more research was needed to
assess long-term side effects. In our study, headache,
orthostatic hypotension, burning sensation in the
legs, burning sensation in the soles of the feet,
fullness in the ears, feeling light-headed developed
in the WBVEG; however, all these side effects were
transient and did not recur. In two patients, temporary
dizziness developed after the first WBVE session, and
the patients voluntarily withdrew from the study.

Nonetheless, there are some limitations to this
study. First, the fact that the treating researcher was
not blinded to the treatment groups is one of the
limitations. Only the assessors who measured IMS
were blinded to the participants. Second, the long-term
effect of WBVE and CSE was considered to be limited
due to the short follow-up period in our study. There
was a decline in the number of participants for various
reasons during follow-up. In our study, the drug use of
the participants was not questioned and the Physician
and/or Patient Global Assessment scale was not used.
Third, the number of housewives in the CG was higher
and the groups were not homogeneously distributed.
In addition, there is no specific standardization in the
vibration parameters and training protocol of WBVE.
Finally, this study included both sex, and considering
the physiological differences in response to exercise,
this may have resulted bias.

In conclusion, the WBVE and CSE appear to be
effective in pain and functionality in the treatment
of chronic NLBP. Although there was a significant
improvement in the muscle strength and functional
work performance in all three groups, greater
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improvements in WBVEG and CSEG were observed
than the CG. Based on these findings, we suggest
further, well-designed, comprehensive studies to define
the target population, long-term effects, and optimal
treatment protocols to elucidate the effectiveness of
WBVE and CSE in this patient population.
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