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The Effects of Motor Control Approach with and without Whole-body Vibration on
Pain and Static and Dynamic Balance in Female Nurses with Non-specific Chronic
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Introduction: Chronic non-specific low back pain is one of the prevalent musculoskeletal disorders among nurses,

which imposes significant burdens on society. The present research aimed to investigating the effect of motor control
approach with and without whole-body vibration (WBYV) on pain, static and dynamic balance of the female nurses
with chronic non-specific low back pain (NLBP).

Materials and Methods: The statistical sample consisted of 75 female nurses with chronic NLBP and with a history
of pain for more than three months. They were randomly divided into three groups: the combined group (motor
control with whole-body vibration), the motor control group and the control group. The pain intensity was measured
using a visual analog scale, and static and dynamic balance were measured using the Biodex balance meter. Tests
were conducted before and after eight weeks. The Shapiro-Wilk test was used to check if the data were normally
distributed; the parametric analysis of variance (ANOVA) and non-parametric Kruskal-Wallis tests were used if the
data followed a normal distribution or did not, respectively.

Results: The research results showed a significant difference (P < 0.001) in pain intensity, and static and dynamic
balance between the combined and motor control groups and the control group; however, no significant difference
(P > 0.05) was observed between the combined and motor control groups.

Conclusion: It seems that exercise improves the symptoms of chronic NLBP in female nurses, and both exercise
approaches were equally effective.
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Introduction symptoms: acute (6 weeks), sub-acute (6 to 12
Chronic non-specific low back pain (NLBP) is a type weeks), and chronic (more than 12 weeks) (1). NLBP
of back pain that occurs without any specific cause, is the most common musculoskeletal disorder,
such as degenerative changes, inflammatory affecting many people each year, including various
conditions, infectious agents, bone metabolic occupational groups (2). Nurses are at a higher risk of
diseases, pain of psychological origin, trauma, and developing CLBP due to their profession. This
congenital disorders. This type of pain is divided into disorder is caused by performing certain heavy tasks,
three categories based on its duration and associated such as lifting patients from their beds and applying
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The Effect of Motor Control Approach on Pain and Balance

shear forces on the vertebrae of the lumbar spine (3).
Surveys have shown that 30-70% of Iranian nurses
suffer from musculoskeletal disorders like low back
pain every year (4). Another survey found that the
prevalence of low back pain during the COVID-19
pandemic was 70.9% (5). Additionally, women are
more susceptible to low back pain than men, which
can be attributed to factors like hormonal changes
during menstruation, changes related to pregnancy,
and anatomical differences (6).

NLBP can negatively impact various aspects of a
person's life. Interference in the pain signals sent to
the motor cortex and spinal cord leads to increased
presynaptic inhibition of muscle afferents and
decreased muscle feedback (7). This leads to reduced
muscle control in the lower back and lengthening
delays (7). Consequently, low back pain can reduce
balance and proprioception in the lower back area (8).
Moreover, changing the electrical activity of muscles
can affect factors such as agility, coordination,
postural control, proprioceptive capacity, balance,
strength, and endurance (9). Therefore, effective
treatment solutions can play a significant role in
improving back pain and restoring people's health.
This can lead to a reduction in treatment costs at the
macro level and an increase in the efficiency of
human resources (10).

The motor control approach (11, 12) is one of the
most commonly used treatments for musculoskeletal
pain, particularly low back pain. This approach is
based on the Motor Learning Approach (13), which
considers the features of trunk posture, movement,
and muscle activation related to symptoms. The
muscle of the trunk is the main focus of this
approach, including the rectus abdominus from the
front, the internal and external oblique from the side,
the erector spinae, multifidus, and quadratus
lumborum from the back, the diaphragm from above,
and the iliopsoas from below. This approach has
many benefits, such as improving neuromuscular
control, muscle strength, and endurance (14). Studies
have also shown that this type of exercise, either
alone or in combination with other approaches, can
significantly reduce pain and disability and prevent
the patient from developing chronic back pain again
(15). With the advancement of technology and the
availability of new medical sports equipment,
different training approaches have been considered in
recent years (16).

Whole-body vibration (WBV) refers to standing
on a plane that fluctuates vertically or laterally with a
predetermined frequency ranging from 0 to 45 Hz and
a displacement range of 0 to 12 mm (17). Vibration is
believed to relieve pain and improve performance in

the treatment of musculoskeletal disorders and as part
of rehabilitation programs for patients (18). The
therapeutic mechanisms of this approach are still
under investigation, but several hypotheses exist (19).
For instance, the "Tonic Vibration Reflex" hypothesis
suggests that vibration activates muscle spindles,
stimulating alpha motor neurons and contacting
extra-spindle muscle fibers (18). This approach may
help activate muscles in individuals with chronic back
pain by triggering a stretch reflex response of the
trunk muscles. Furthermore, back pain may be
associated with paravertebral muscle spasms, and
WBYV at frequencies below 20 Hz may help alleviate
back pain by reducing spasms (18, 20).

Exposure to occupational vibrations, such as those
experienced by drivers of heavy vehicles, can lead to
back pain, sciatica pain syndrome, and spine injuries
(21). This is because the intensity, amplitude, duration,
and frequency of these vibrations are uncontrollable
(22). On the other hand, it has been suggested that the
vibrations produced by WBYV devices can help reduce
pain and improve muscle function, as the frequency,
duration, amplitude, and intensity of the vibration can be
controlled (23). It is hoped that the effectiveness of
WBV, alone or in combination with other approaches, in
improving balance and proprioception in patients with
NLBP will be significant (24). However, due to the
heterogeneity of existing study results and the lack of
sufficient clinical trials, no definite conclusions can be
made at present. Despite the research conducted in this
regard (21-24), no study has examined the effect of
combining the two approaches of motor control exercise
and WBYV on pain and balance in people with NLBP.

Therefore, the current research seeks to answer
the question: Is there a difference between the effect
of the motor control exercise with and without WBV
on the pain and balance of nurses with NLBP?

Materials and Methods

The current research followed the steps approved by
the Research Ethics Committee of the Research
Institute of Physical Education and Sports Sciences.
Additionally, it was registered in the Iranian Clinical
Trials System. The research was conducted with three
groups, including a control group. The control group
participants did not receive any intervention, but were
recommended to participate in the treatment sessions
after completing the research. The other two groups
were the motor control exercises group and the
combined group (motor control exercise with WBV).

The study recruited participants through
coordination with the heads of hospitals in Tehran,
Iran, starting in January 2023. The data collection
took place in June and July 2023 at the Tehran
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Institute of Physical Education, the Correctional
Laboratory of Khawarzmi University, Moafagian
Rehabilitation Center, and Sepehrnovin Sports Club.
The sampling method in this research was purposeful,
and the statistical population was female nurses
experiencing NLBP in Tehran with a pain history of
more than three months. To determine the number of
samples needed for the study, the G*Power software
(G*Power 3.1.9.7 freeware, University of Dusseldorf,
Dusseldorf, Germany) was used. The software
calculated that 23 samples were required for each
group, with a power of 0.8 and a significance level of
0.05, based on an average effect size derived from a
previous study (25) and taking into account a 10%
drop rate. However, to allow for possible loss of
samples, 25 people were included in each group. In
order to participate in the study, the participants were
required to read and sign an informed consent form.

The study included 75 female nurses of 30-40
years of age, who had more than 3 years of work
experience and had NLBP. The participants were
selected based on the STarT Back Screening Tool
(SBST) and had at least three months of back pain
history. A specialist doctor confirmed that the pain
was not caused by the structure of the spine and the
pain reported was between the gluteal fold and the
chest, with an intensity of 4-7 on the Visual Analogue
Scale (VAS). The study participants were divided into
three groups each consisting of 25 people.

The study exclusion criteria included any damage
or abnormality that may affect the research process
such as nerve root disorders of the lumbar spine
leading to a decrease in strength and reflexes of the
lower limbs, fracture, cancer, inflammatory arthritis
of the lumbar vertebrae, cauda equina syndrome
(CES), history of lumbar spine surgery, or being on
the waiting list for surgery during the intervention
period, cognitive disorders such as Alzheimer's,
severe neuromuscular disorders, lack of permission
for participation in the study from the examining
physician in confirmation of the clinical health of the
heart and lungs and the condition of the motor organs.
Dissatisfaction or the lack of desire to participate in
the research process could also result in exclusion.
Non-participation of the subjects in two consecutive
training sessions also led to their removal from the
study. The SBST is a tool that helps to evaluate and
classify patients suffering from NLBP. This
questionnaire comprises nine items that cover various
aspects, such as referred leg pain, disability
(including two items), impatience, catastrophizing,
fear, anxiety, and depression. All questions have
dichotomous answers, where 'l agree' is marked as 1
and 'l do not agree' is marked as 0. However, the
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question about boredom is answered on a five-point
Likert scale, where O indicates 'not at all', ‘very little',
and, ‘'average', and 1 indicates ‘'very high' and
‘excessive'. Therefore, the total score can range from
0 to 9. The last five items are summarized in a
psychological subscale, with a maximum score of 5.
A high score indicates a high risk of developing
NLBP. Individuals with an overall score of 0 to 3 are
classified as low-risk and require minimal treatment,
which can be managed with self-management
strategies. Those who obtained a total score of at least
4 points, with a maximum of 3 points related to
psycho-social factors, are classified in the medium-
risk group and can be managed with physiotherapy.
Those who score 4 or 5 on the psychological subscale
are classified as high-risk and have a poor prognosis
for a persistent disability that requires psychological
awareness interventions (26). The Cronbach's alpha
coefficient of this tool is 0.73, and its validity is
reported to be 0.95 (27, 28).

To measure and quantify the intensity of pain, a
visual analog scale was used. This scale is a 100 mm
long horizontal bar with one end marked as zero,
indicating no pain, and the other end marked as 10,
indicating the most severe possible pain. The
reliability of this scale is reported as 0.95 and its
validity is reported as 0.97 (29). This criterion is
widely used to evaluate pain intensity.

A Biodex balance meter (Balance System SD,
950-441, BIODEX Medical System Inc., Shirley, NY,
USA) was used to assess both static and dynamic
balance. The balance plate has 12 different positions
(1 to 12), with level 12 being the most stable and least
sensitive to changes in the center of gravity, while level
1 is the least stable and most sensitive to even the
slightest displacement of the center of gravity. The
plate is divided into four quadrants, with the right foot
placed in the first quadrant, the left foot in the second,
the left heel in the third, and the right foot in the fourth.
Participants were asked to position their feet on the
balance meter so that their heels were 10% of their
height apart and each foot was turned 15 degrees
outward. The balance performance of each participant
was then measured for 20 seconds in anterior-posterior,
internal-external, and general conditions on both stable
(level 12) and unstable (level 8) levels with eyes open.
The Biodex balance device calculated three anterior-
posterior indices, an internal-external index, and a
general balance index to evaluate static and dynamic
balance. Each test was repeated three times and the
average of the three repetitions, with a 10-second rest
between each, was recorded as the individual score.
The reliability of this device has been reported to
evaluate optimal balance indices (ICC > 0.7) (30).
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After gathering the initial information, the
subjects underwent an exercise program for eight
weeks. During the first four weeks, two sessions per
week were conducted, and for the subsequent four
weeks, one session per week was conducted. The
subjects were advised not to engage in any other
exercise program during this period except for the
mentioned program. Before each training session, the
subjects performed a 5-minute warm-up program, and
after each session, they did a 5-minute cooling-down
program. The motor control exercises lasted for 30
minutes, and WBYV exercises lasted for 15 minutes.

The WBV device (Whole Body Vibration
Turbosonic Therapy System, TT2590 X7, X5, version
11-2010, Internal Harmony, Linwood, NJ, USA) has a
frequency range of 3 to 50 Hz and is rotated by a sound
system with new magnetic circuits instead of a motor.
One of the advantages of this device is that it no longer
causes damage from mechanical vibrators. The device
can improve strength, endurance, balance, and
flexibility (31). Vibration can produce effects similar to
regular strengthening exercises, but with less pressure
on the joint and improve neuromuscular function (32).

Motor control exercises (33) and WBV (34) were
performed based on previous studies and as described
in tables 1 and 2.

The participants in the motor control group took
part in 12 supervised sessions, each lasting 30
minutes. During these sessions, they performed
exercises based on a specific protocol that was
tailored to their abilities and overseen by a specialist
doctor. The exercises were conducted over 8 weeks,
with two sessions per week in the first 4 weeks and
one session per week in the second 4 weeks. The
motor control exercises consisted of three parts,
including promoting the independent activation of
deep stabilizing muscles (such as the transversus
abdominis and multifidus), training patients to use
these muscles while lying still without any tools, and
optimizing muscle contractions while standing,
sitting, or kneeling. Participants also learned to
combine these skills dynamically and functionally
with the help of a gym ball (35) (Table 1).

The study involved a combination of motor
control and WBYV exercises. Participants were closely
monitored during 12 sessions, each lasting 45
minutes. In each session, they performed motor
control exercises for 30 minutes (see Table 1)
followed by a WBV protocol for 15 minutes (see
Table 2). The WBV protocol consisted of 5
movements (dynamic squat with a cable, squat with
extension arms, lifting on the toes, static squat, and
static squat by standing on the toe) performed in two
sets with 5 to 8 repetitions at a specified frequency of

5 to 10 Hz displayed on a screen. Active rest periods
of 30 seconds were included between each set, which
included three exercises quiet standing, hip rotation,
and hanging with a cable. Participants followed this
routine for 8 weeks, with two sessions per week for
the first 4 weeks and one session per week for the
second 4 weeks.

The research data was analyzed in two sections:
descriptive and inferential statistics. SPSS software
(Version 26; IBM Corp., Armonk, NY, USA) was used
for this purpose. The Shapiro-Wilk test was carried out
to check whether the data followed a normal
distribution. If the data followed a normal distribution,
parametric ANOVA tests were carried out. However, if
the data did not follow a normal distribution, non-
parametric Kruskal-Wallis tests were used. To offset the
pretest error caused by the non-identity of basic data in
different groups, change analysis was used. A
significance level of 0.05 was considered, and for intra-
group comparison, Wilcoxon tests (non-normal
distribution) and paired t-tests (normal distribution) were
used. The subjects were selected and consent was
obtained before the test. The participants were informed
about the research objectives, methods, and benefits.
They were also informed that their personal information
and files would remain confidential and that they could
refuse to continue participating in the research at any
time. Additionally, the participants were ensured that the
methods of measurement and participation in the
research would not have any economic costs or physical
risks for them.

Results

A total of 75 volunteer nurses participated in this
research study. However, four people were excluded
from the study, two from the motor control group due
to illness and transferring to another workplace, and
two from the combined group due to pregnancy and
an accident (lower limb injury) (Figure 1). This
resulted in an 8% drop rate in each of the
experimental groups.

The Shapiro-Wilk test showed that the distribution
of the overall index of static balance was normal with
P <0.05.

Therefore, the parametric analysis of variance
(ANOVA) test with Tukey's post hoc test was used to
analyze this index. However, the distribution of other
variables, such as pain, static anterior-posterior and
internal-external indices, and anterior-posterior and
internal-external and overall dynamic indices, did not
follow a normal distribution. Therefore, Kruskal-
Wallis test was used to compare the three groups, and
Mann-Whitney test was used to compare the two
groups with Bonferroni correction (P < 0.017) (36).
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Transverse abdominus muscle
coactivation
Multifidus muscles coactivation
Abdominal isometric contraction
Multifidus muscles coactivation

Abdominal muscle isometric contraction

Knee side to side movement
Multifidus muscle coactivation

Knee bends and Side to side movement

Curl-up
Knee to chest
Curl-up
Knee to chest
Prone hip extension
Bridge exercise
Prone hip extension
Bridge exercise
Bridge with one leg off the floor
Kneeling with one hand off the floor
Kneeling with one hand off the floor
Kneeling with one hand off the floor
Squat
Lunge
Lunge
One-leg lunge
Abdominal muscles contraction
Side to side movement
Abdominal muscle contraction
Side to side movement
Lifting head from the ball

The Effect of Motor Control Approach on Pain and Balance

Table 1. Motor control exercise protocol
Exercise

Knee bend and side to side movement
Curl-up exercise

Curl-up
Knee to chest
Hip extension
Prone hip extension
Bridge exercise
Bridge and one leg lift

Bridge exercise
Kneeling with one hand extension
Same as above
Squat
Kneeling with one hand off the floor
Squat exercise
Lunge movement
Lunge with one leg
One-leg lunge
Isometric contraction of transverse abdominus and multifidus muscles
Abdominal muscles contraction
side to side movement
Isometric contraction of transverse abdominus and multifidus muscles

Lifting leg from the Swiss ball
Both knee to chest with Swiss ball
Side to side movement of the leg on the Swiss ball

Set x
repetitions

3x10

3x10

3x10

3x12

3x12

3x12

3x15

3x15

Rest between
movements

10 sec

10 sec

10 sec

12 sec

12 sec

12 sec

13 sec

13 sec

Rest
between sets

24 sec

24 sec

24 sec

26 sec

26 sec
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Table 2. Whole-body vibration protocol

Set x
repetitions
2 x (5-8)

Exercise

Squatl: Perform a squat movement

Duration (mm) and = Rest between

Rest between
sets
60 second (30

movements
30 second

by holding the handles of the 20 Hz (active rest) sec active and
machine and with outstretched arms. 30 sec passive)
2 Squat2: squat movement without 2 x (5-8) 4 mm 30 second 60 second (30
holding the handle and with 20 Hz (active rest) sec active and
outstretched arms 30 sec passive)
3 Leg movements: heel rise 2 x (5-8) 4 mm 30 second 60 second (30
20 Hz (active rest) sec active and
30 sec passive)
4 Sitting leg movement: 2 x (5-8) 4 mm 30 second 60 second (30
20 Hz (active rest) sec active and
30 sec passive)
5 2 x (5-8) 4 mm 30 second 60 second (30
20 Hz (active rest) sec active and
30 sec passive)
The research subjects' demographic alpha error (Type 1) by correcting the significance

characteristics, including age, height, weight, body
mass index, work history, and duration of back pain,
are presented in Table 3.

The results of the Kruskal-Wallis test indicate that
there was a significant difference in pain intensity
scores among the three groups. The Mann-Whitney
test with Bonferroni correction was used to compare
the two groups at a significance level of 0.017 (36). In
this study, Bonferroni correction was used to prevent

level. To clarify, the p-value of 0.05 was divided by
the number of groups to get a corrected significance
level of 0.017 in the Benferroni test. The results
showed a significant difference (P < 0.001) between
the motor control group and the control group, as well
as between the combined group and the control
group. However, there was no significant difference
(P = 0.02) between the motor control and combined
groups (Tables 4 and 5).

Number of participants: 106

Enroliment

Withdrawal from the study (n = 31)
Acute medical problem (n=7)
Age <40y/o (n =6)

Pain score > 7 (n = 11)

Did not participate (n = 4)

Non-random sampling: 75

I

Assignment

|

v

Motor control group: 25

v

Unfollow (n = 2)
-Due to disease (n = 1) -transfer
to another location (n = 1)

v

Data analysis (n = 23)

v

Control group: 25

Consistency

Data analysis (n = 25) Analysis

Figure 1. Chart of the loss of participants in different stages of the study
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Table 3. Demographic characteristics of subjects in different research groups

Variable Motor control group (n =
Age (years) 35.75+2.11
Height (cm) 162.40 + 4.46
Weight (kg) 68.28 +4.37
Body mass index (kg.m2) 25.87 £ 0.82
Working history(year) 13.76 £ 1.59
LBP duration (year) 3.5+207

23

Combination group (n = 23

37.29 £1.90 34.80 £ 2.79
159.64 +2.75 160.59 + 3.06
71.3+2.62 67.59 £ 3.61
27.97 £0.45 26.19+0.81
16.3+2.18 12.4+2.20
6.8 +1.96 3.21+1.87

A study was conducted to compare the effect of
therapeutic exercises on postural stability between the
three groups. The Kruskal-Wallis test was used to
analyze the data regarding dynamic balance (general
stability, anterior-posterior, and internal-external
stability) and static balance (anterior-posterior and
internal-external stability). The overall static stability
index was analyzed using ANOVA. The results
showed a significant difference (P < 0.001) between
the three groups in all indices of dynamic balance and
in anterior-posterior and internal-external indices of
static balance. The control group was significantly
different from the other two groups (P < 0.001) as
determined by comparing the two groups using the
Mann-Whitney test with Benferroni correction at a
significance level of 0.017. However, no significant
difference was observed between the movement and
combined control groups. ANOVA with Tukey's post
hoc test for total static balance index showed that the
control group had a significant difference (P < 0.001)
with the movement and combination control groups.
However, no significant difference (P = 0.931) was
observed between the motor control group and the
combined group (Table 6).

The intention to treat (ITT) analysis results
indicate two dropouts in each of the motor control
and combined exercise groups, equivalent to 8%. This
rate is not significantly different from this study's
expected dropout rate of 10%. The present study
measured pain levels and static and dynamic balance
indicators

(anterior-posterior, internal-external, and total
balance) for the out-group comparison (compared to
the control group), as well as the in-group comparison
(pretest-posttest) for two significant experimental

groups (P < 0.001). Saragiotto et al. (37) also
similarly analyzed the effect of subjects dropping out
on the pretest and posttest.

Discussion

This study aimed to examine the impact of a motor
control exercise with and without WBV on the pain
and static and dynamic balance of female nurses with
non-specific chronic back pain. The study found that
motor control exercises with and without WBV
resulted in a reduction in pain for female nurses with
non-specific chronic back pain. A previous research
suggests that motor control exercises are effective in
reducing pain and disability caused by non-specific
chronic back pain (38). Furthermore, a combination
of eight weeks of motor control exercises and
neuroscience training has been found to be effective
in reducing pain and improving static and dynamic
balance (39). Trunk stability exercises, which are part
of motor control exercises, are believed to reduce
pain by increasing the amount of endorphins and
strengthening the central muscles of the trunk (40).
This reduces tension in the ligaments and joints of the
vertebrae and stabilizes them in a normal state, and in
turn, increases the patient's confidence in the
treatment method (41).

Table 4. Pain intensity and static and dynamic balance indices in the three study groups before and after eight
weeks (standard deviation + mean)

Pain Static balance index namic balance index
intensity Anterior Internal- Total -
posterior external external
Control Pretest 510+1.54 038+0.21 0.69+031 088+049 091+046 124+040 1.27=+x0.67
Posttest 4.90+1.41 039%0.17 0.72+040 087%+042 096+046 123+0.71 1.31x0.67
P-value intragroup 0.120 0.454 0.548 0.855 0.198 0.860 0.433
Motor Pretest 4.79+0.92 0.38+£0.22 0.761+030 0.88%+042 064+031 101+045 123%0.70
control Posttest 3.67+1.42 0.15+0.13 040+0.16 053+x041 0.36+0.15 0.73+£0.40 0.90+0.39
P-value intragroup <0.001" <0.001" <0.001" <0.001™ <0.001" <0.001" 0.007"
Combined Pretest 520+167 081+033 040+£0.25 0.89+054 110+0.11 0.77+0.42 1.28+0.70
Posttest 3.54+162 047+0.22 0.18+005 051+0.30 0.70+£0.30 0.35+0.33 0.88+0.40
P-value intragroup <0.001" <0.001" <0.001" <0.001" <0.001" <0.001" <0.001"
“Significant intra-group difference in the Wilcoxon test (P < 0.05), ““Significant intra-group difference in the paired t-test
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Table 5. The results of the Kruskal-Wallis and Mann-Whitney test between the three groups in the indices
of pain intensity and static and dynamic balance

Pain
intensity
differences
Kruskal-Wallis/ Chi-square
ANOVA Degree of freedom 2
P-value <0.001"
Mann-Whitney/  Motor control and control <0.001™
Tukey Combined and control <0.001™
Motor control and combined 0.02

Static balance indices

Dynamic balance indices
differences (scale

Anterior- | Internal- = Anterior | Internal-
posterior external posterior  external

35.571 24.422 33.824 15.819 17.118

2 2 2 2 2

<0.001"  <0.001"° <0.001" <0.001" <0.001"
<0.001™  <0.001™ <0.0017 <0.001" <0.001""
<0.001™  <0.001™ <0.0017 <0.001" <0.001""

0.111 0.135 0.129 0.024 0.860

“Significant differences between groups in Kruskal-Wallis (P < 0.05), ~Significant differences between groups in Mann-Whitney (P < 0.05)

The transverse abdominus muscles, which play
a critical role in maintaining spinal stability, are
retrained to facilitate the reduction of back pain
(42). Another study found that motor control
training in the form of daily walking had beneficial
effects on the physical health of people with
chronic back pain (43). WBV has also been shown
to improve pain in musculoskeletal disorders (44).
Additionally, microscopic changes in musculoskeletal
structures caused by WBV lead to an immediate
improvement in muscle activity levels and the
properties of intermuscular connective tissue (45, 46).
In elderly subjects with sarcopenia, WBV for 20
weeks improved muscle function and quality of life
(QOL) for 12 weeks (47). Finally, the use of WBV
has been found to reduce pain in patients with non-
specific chronic back pain (48).

After eight weeks of study, it was observed that
motor control exercises, with or without WBV
(WBYV), were effective in improving both static and
dynamic balance when compared to the control
group. Interestingly, there was no significant
difference in results between the two educational
groups. Studies have shown that back pain may be the
result of a reduction in the size of type Il muscle
fibers (49). However, stability training can help
reverse this atrophy and affect muscle fiber diameter
(50). Furthermore, core exercises designed to develop
muscle strength and functional coordination can
improve trunk muscle function (51). It is important to
avoid inappropriate activities that can worsen NLBP.
Most patients with low back pain refrain from using

back muscles, which can lead to atrophy, reduced
strength and endurance, stiffness of ligaments and
joints, and ultimately aggravation of symptoms (52).
In addition, research has found that individuals with
low back pain experience changes in the
physiological mechanism of the balance system (53),
which can cause incorrect information about the
body's location to be sent to the brain stem. This
results in inappropriate movement commands and
abnormal body positioning. Compared to static
balance, dynamic balance requires greater effort, and
it can be difficult for individuals with NLBP to adapt
to changing conditions (54).

Specific exercises that focus on the core region
can help improve stability in the upper body, pelvic
floor muscles, co-contraction of abdominal muscles,
multifidus, and spinal motor function (55). These
exercises can also reduce the shear force applied to
the back (54), resulting in an improved range of
motion. The motor control training program can
include exercises that target simultaneous contraction
of the abdominal, multifidus, diaphragm, and pelvic
floor muscles, along with exercises that improve and
control organ function. Such exercises can effectively
improve both static and dynamic balance (56).

Muscle spindles maintain balance with the
myotatic reflex (57). Vibration exercises can enhance
the sensitivity of the muscle spindle, speed of
mechanical and physiological responses, and
neuromuscular improvement (58). This leads to the
simultaneous activation of alpha and gamma motor
neurons, which facilitates muscle contraction (59).

Table 6. The results of Tukey's post hoc test and analysis of variance between three groups in the total index
of static stability

Group name

Mean difference

Standard error

P-value

95% Confidence interval

Lower limit

Upper limit

Control group Motor control group 0.33819 0.08753 <0.001 0.1285 0.5479
Combined group 0.37037 0.08753 <0.001" 0.1606 0.5801
Motor control group Combined group 0.03217 0.08933 0.931 - 0.1819 0.2462

Significant difference between groups in Tukey's post hoc test in analysis of variance (P < 0.05)
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Therefore, WBV training is known to be effective
in improving balance by increasing muscle spindle
sensitivity, improving neuromuscular control, and
stimulating the central nervous system (60). Improving
and stimulating the central nervous system leads to the
coordination of agonist and antagonist muscles,
ultimately helping maintain balance (24, 60, 61). WBV
exercises increase sympathetic muscle activity during
maximal muscle contraction while simultaneously
decreasing contralateral muscle activity. This increase
in lower limb neuromuscular activity helps control
body position (62, 63). According to the muscle tuning
hypothesis, the body uses an alternative strategy called
postural control to cope with the vibration, frequency,
and disturbance caused by WBV (in the resonant
frequency range of 5-65 Hz) and to avoid possible
injuries (63). In this strategy, muscle activity is
changed during the frequency transition to dampen the
vibration. These changes affect the receptors of the
muscle spindle and accompanying proprioception,
preventing additional information from being sent to
the central nervous system, and ultimately reducing the
addition of proprioceptive information, which helps
maintain balance (63).

Limitations

Due to financial constraints, a control group
consisting of healthy individuals with similar
demographic characteristics as the groups with back
pain was not included in this study. Therefore, the
study's results cannot be compared or evaluated
against healthy individuals. Additionally, this study
did not include a follow-up stage to determine the
duration of the exercises' effects after the study's end.
Furthermore, the study did not include subjective
tools such as the Oswestry Disability Index (ODI) to
measure participants’ perspectives on treatment
satisfaction. Incorporating this information, along
with the data obtained from advanced tools like
Biodex, can be beneficial in clinical decision-making
and treatment prescription.

Recommendations

It has been suggested that future studies compare the
effect of motor control exercises on both static and
dynamic stability of non-specific chronic back pain
patients with healthy individuals of different genders
and occupations. Furthermore, it would be desirable
to predict the follow-up phase in these studies. In
addition to the variables that have been previously
reported, future studies should investigate the
person's level of satisfaction with the treatment,
level of disability, and QOL.

Journal of Research in Rehabilitation of Sciences/ Vol 19/ April 2023

Conclusion

The study found that performing motor control
exercises and combined exercises for eight weeks can
have a positive impact on the pain level and balance
of nurses suffering from non-specific chronic back
pain. The exercises also helped reduce the symptoms
related to back pain. Although combined exercises
showed more improvement than single exercises, no
significant difference was found between the two
approaches. Therefore, more research is needed in
this field to determine which exercise approach is
superior.
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