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Abstract
Background: Intensive neuromuscular stabilization exercise on highly obese patients with low back pain results in positive effects
of body fat decline and prevention of complications. The purpose of this study is to investigate the effects of progressive
neuromuscular stabilization exercise on unstable surface on pain, motor function, psychosocial factors, balance, and abdominal
contraction with highly obese patients with lumbar instability.

Methods: This study is a double-blinded randomized controlled trial. A total of 46 highly obese patients (body mass index [BMI]≥
30kg/m2) with lumbar instability were assigned randomly to experimental group (n=23) and control group (n=23). The control group
performed the intensive progressive exercise on a stable surface and the experimental group on an unstable surface.

Result: Significant differences were shown for BMI, QVAS, K-ODI, FABQ, and balance ability for both groups before and after the
intervention (P< .05), and only the experimental group showed significant difference for transverse abdominis muscle thickness in
contraction and contraction rate (P< .05). Compared to the control group, the experimental group showed significant difference
(P< .05) in the amount of changes for QVAS, K-ODI, balance ability, transverse abdominis muscle thickness in contraction, and
contraction rate.

Conclusion:Progressive neuromuscular stabilization exercise program on unstable surfaces demonstrated to be an effective and
clinically useful method to decrease pain level, increase motor function, balance, and transverse abdominis muscle thickness in
contraction and contraction rate for highly obese patients with lumbar instability.

Abbreviations: BMI = body mass index, CoP = center of pressure, FABQ = fear-avoidance beliefs questionnaire, FABQ-PA =
fear-avoidance beliefs questionnaire physical activities, FABQ-W = fear-avoidance beliefs questionnaire work, K-ODI = Korean-
Oswestry disability index, QVAS = quadruple visual analogue scale, TrA = transversus abdominis, WBB = Wii balance board.
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1. Introduction

Low back pain is a neuromuscular dysfunction and a chronic
disease with high incidence. Development of information media
such as the Internet increased the time spent sitting, and resulted
in many health-related problems like office work type of
environment, decline in physical activities due to automated
systems, improper postures, and insufficient exercise.[1] Devel-
opment of information media such as the Internet increased the
time spent sitting, and resulted in many health-related problems
like office work type of environment, decline in physical activities
due to automated systems, improper postures, and insufficient
exercise, Lumbar instability and decreased balance may occur
due to deep lumbar muscle weakness and decreased propriocep-
tion from the lumbar dysfunction.[2] Additionally with low back
pain, there are tendencies for psychological intimidation and
anxiety. Therefore, it is considered an important factor within the
psychosocial aspect.
The causes of low back pain are structural factors from spinal

lesions, psychological factors from stress, and decreased dynamic
dysfunction of the neuromuscular system. Among the causes, the
main factor is reported to be lumbar instability due to weaknesses
of the lumbar muscles and ligaments from insufficient exercise. In
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order to improve the deep muscles and stabilize lumbar
instability, stabilization of the muscles and neuromuscular
control must be enhanced.[3] In addition, maintaining proper
posture in everyday life is also essential.
Obesity is a factor that decreases the quality of life more than

smoking or alcohol consumption, and is also a social issue that
yields high social expenditures. Modern people have increased
body weight due to shifted lifestyle to over consumption of fast
foods and insufficient exercise, and these lifestyles resulted in
quick increase of obesity prevalence.[4] Abdominal obesity causes
imbalances in themuscles around the pelvis. Compensation of the
weakened abdominal muscles causes shortened hip flexors and
pelvic anteversion, leading to low back pain from the lordosis.[5]

Additionally, abnormal pressure is applied to the spine in obese
patients, resulting in chronic low back pain along with
cardiovascular, circulatory, and muscular complications. There-
fore obesity must be prevented and treated along with
maintaining proper eating habits, increased physical activities,
and exercising regularly to promote positive effects in decreasing
body fat and cardiovascular diseases.[6]

Obese patients with low back pain have higher levels of
dysfunction, pain, and decreased functional status than nonobese
low back pain patients. Thereby low back pain and obesity have
positive correlation with economical, social, and clinical issues.[7]

The effects of stabilization exercise program through muscle
contractions have been reported to decrease low back pain and
enhance functional recovery. Specifically, the muscles of each
body segment yield more muscular mobilization to maintain
balance on unstable surfaces. This affects joint stability by
activating gamma motor neurons. In addition, exercises on
unstable surfaces stimulate neuromuscular system to enhance
muscle strength, balance, and optimize exercise effects.[8]

Excessive obesity in the abdominal area inhibits the role of the
abdominal muscles resulting in severity of low back pain
symptoms. Among the deep muscles that stabilized the trunk,
transversus abdominis (TrA) increases the intra-abdominal
pressure to stabilize the lumbar area. In order to obtain accurate
contraction of TrA, abdominal drawing-in maneuver must be
used, and it needs to be selectively contracted before other deep
muscle contraction. Additionally, it is important to determine
and compare muscle size, thickness, and fiber structures for
assessment and analysis of TrA functions.[9]

Through many existing studies demonstrated the effectiveness
of trunk stabilization exercise programs to improve low back
pain.[10] However, there is a lack of evidence on positive effects of
exercise interventions to obese low back pain patients in regards
to decrease of body fat and prevention of complications.
Therefore this study aims to investigate the effects of progressive
neuromuscular stabilization exercise on unstable surface has on
pain, motor function, psychosocial factors, balance, and
TrA thickness and contraction rate of obese patients with low
back pain.
2. Study methods

2.1. Participants

This study recruited patients who are admitted or outpatients of P
hospital in D city. Among the patients, 71 participants who
voluntarily participated in the intervention were provided with
comprehensive information about the study purpose. The inclusion
criteria were persons who have experienced low back pain within
2

6 weeks, higher than 3 points in quadruple visual analogue scale
(QVAS), over 30 in body mass index (BMI) (≥30kg/m2),[11] over
30%ofbody fat percentage (≥30%), over 0.85cm inwaist hip ratio
(≥0.85cm), able to stand on one leg for 30seconds, and who are
positive in more than 3 items among the 5 item lumbar instability
test.[12] The exclusion criteria were persons with low back pain due
to compression fracture, who have systemic disease such as cancer,
who have neural symptoms, andwho have participation rate of less
than 80%. All participants have fully understood the purpose and
content of the study, and the participants have voluntarily
participated after signing the written consent.
2.2. Study design

The design of this study was a double-blinded randomized-
controlled clinical trial conducted. G-power version was used to
set the number of participants.[13] Based on the pilot study result
that the size of the main effect was (d): 0.91, significance level was
set to a=0.05 and power (1�b)=0.8, thereby requiring at least
20 participants for each group. However, 15% of drop-out rate
was considered, therefore minimum participants for each group
were set to 23.
The recruited participants were screened for lumbar instability.

Lumbar instability test consisted of lumbar instability in prone
(positive if there is pain after manually pressure is applied
anteriorly and posteriorly and pain is relieved after both lower
extremities are extended), anterior and posterior test of lumbar
segments (positive when spinous processes are pressured, and
there is excessive movement or moves to abnormal direction),
straight leg raising test (positive when mean angle of both hip
joints exceed 90°), lumbar manual extension test (positive when
there is pain with both legs raised in prone position and the pain is
relieved when the legs are lowered), and age (below 40 is
positive). If there are 3 or more items that resulted positive, the
participant was categorized as participant with lumbar instabili-
ty.[12] Through the screening test, 25 participants who had BMI
below 29 (n=16) and who did not satisfy the inclusion criteria
(n=9) were excluded from the study.
To compare the effects before and after the interventions,

assessments were made before the intervention, and all 46
participants were assigned to experimental group (n=23) and
control group (n=23) using the random number production
program under the supervision of the lead researcher.[14] Both
groups were measured for QVAS, Korean-Oswestry disability
index (K-ODI), fear-avoidance beliefs questionnaire (FABQ),
balance ability, muscle thickness, and contraction rate (Fig. 1).
All participants performed the exercise program to be blinded to
their own group. All data after the intervention were analyzed.
All assessments were made with 3 skilled researchers excluding
the lead researcher. This study is approved by the bioethical
committee of Daejeon University and is registered in the WHO
International Clinical Trials Registry Platform: KCT0004512.

2.3. Intervention

Progressive neuromuscular stabilization exercise program pro-
vided to both groups was modified from the original method
suggested by Saliba et al.[15] Considering the pain and motor
function levels of the participants, exercise routines were graded
each week from easier levels to more difficult. Progressive
neuromuscular exercise program that supports anterior, posteri-
or, and lateral sides of the trunk muscles consisted curl up, dead



Figure 1. CONSORT flow chart.
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bug, bird dog, flank, and side flank with knee flexion. All
participants ran on the treadmill for 5 minutes each for warm-up
and cool-down. Each exercise for every week was performed for
10seconds each repetition, 10 repetitions per set, and 5 sets total.
20seconds of rest were given between each set. Each session
lasted approximately 55 minutes, and it was given 3 times a week
for 4 weeks. When the participant was able to perform 80% of
the exercise successfully, that participant was able to move on to
the next level.
The control group received progressive neuromuscular

stabilization exercise program on stable surface, and the
experimental group received progressive neuromuscular stabili-
zation exercise program on the unstable support surface to
activate the deep muscles for trunk stabilization (Fig. 2).

2.4. Assessment tools

In order to assess pain of the participants depending on the
intervention methods, 4 items QVAS was used to measure pain
before and after the intervention. This test has 4 items and each
3

item has subitems that measure current pain level, average pain
level, pain level when it is at the mildest level, and pain level when
it is most severe. Every item is scored from 0 to 10 where 0 is no
pain at all and 10 when it is at the worst level. The scores of the
items are summed and mean was calculated. Reliability was high
resulting in r=0.76–0.84.[16]

In order to quantify physical dysfunction due to low back pain
in everyday life, K-ODI was used. Total score was calculated for
percentage. Test–retest reliability of K-ODI was (r=0.92).[17]

Correlation between low back pain and dysfunction was found
using FABQ, a self reporting tool. This questionnaire has 5 items
related to physical activities (FABQ-PA) and 11 items related to
work (FABQ-W). The participants score on a 7-point scale (0=
totally disagree, 6= totally agree). The score ranges from 0 to 66
where higher score means greater avoidance. Questionnaire
suggested by Joo and Kim[17] was used and the reliability of this
test is (r=0.95).
Wii balance board (WBB) (Nintendo, Kyoto, Japan) was used

to measure balance ability of the groups with different
intervention methods. Participants stand on the platform of

http://www.md-journal.com


Figure 2. Progressive neuromuscular stabilization exercise on the unstable support.
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Wii balance and center of pressure (CoP) sway was traced to
calculate velocity, path length, and area 95%. The participants
stand on WBB, and with the instruction from the therapist, they
performed one leg standing on their dominant side for
measurements. The measurement started when the participant
found the stable position, and it was measured for 30seconds.
The measurements for 3 trials were recorded and the mean data
was used for analysis. Measurement reliability of WBB was
ICC=0.92–0.98[18] and balancia program has intrarater reli-
ability of (r=0.79–0.96) and validity of (r=0.85–0.96), making
it useful assessment tools.[19]

For measuring TrA thickness of the participants, Mysono U6
(Samsung, Suwon, Korea) was used to make the measurement at
the end of expiration. In order to find the thickness of TrA
thickness, the most appropriate location for 3.5MHz convex
transducer was at 2.5cm laterally after drawing a parallel line
from the navel (Fig. 3).[20] The measurement was made in each
relaxed and contracted position, and with the relaxed position as
a reference, contracted TrA thickness was converted to
contraction rate= (thickness in contraction � thickness in
relaxation/thickness in relaxation) � 100. This assessment has
a high test–retest reliability (ICC=1.00–1.00), and intrarater
reliability is also high (ICC=0.91–0.96).[21]

2.5. Analysis

SPSS version 25.0 (IBM, Chicago, IL) was used for data analysis.
General characteristics of the participants were provided using
mean and standard deviation values through descriptive
4

statistics. Shapiro–Wilk test was used for normality testing.
Normal distribution of all variables from the results was
identified. General characteristics between groups and homoge-
neity test of preintervention values were analyzed through x2 test
and t test. The independent t test and x2 test were used to compare
the intervention results between the groups, and the paired t test
was used to compare the dependent variables within the groups.
Repeated measure analysis of variance was used to identify the
change following time and the effects of interactions between
time and group. Statistical significance was set to P< .05.
3. Results

Due to deconditioning and aggravated pain, 3 participants in the
experimental group and 2 participants from the control group
were excluded, where 20 data from the experimental group and
21 data from the control group were collected. General
characteristics of both groups before the intervention were all
homogeneous (Table 1).
BMI, QVAS, K-ODI, and FABQ before and after the

intervention are shown in Table 2. Both groups showed no
significant difference in all dependent variables in the measure-
ments before the intervention. However, there was a significant
difference in both groups after the intervention (P< .05).
Differences between the groups showed significant difference
(P< .05) in the experimental group for QVAS and K-ODI. All
dependent variables showed change depending on the measure-
ment time (P< .05) and only in QVAS there was interaction of
time � group for measurement times (P< .05).



Figure 3. Muscle thickness measurement (A) and TrA ultrasound (B).
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Balance abilities, muscle thickness, and contraction rate before
and after the intervention are shown in Table 3. Both groups
showed no significant difference for all dependent variables in the
assessment before the intervention. However both groups
showed significant difference (P< .05) in balance abilities after
the intervention. In addition, only the experimental group
showed significant difference (P< .05) in muscle thickness in
contraction and contraction rate before and after the interven-
tion. When the 2 groups were compared, the experimental group
showed significant difference (P< .05) in balance abilities, muscle
thickness in contraction, and contraction rate. Time by different
measurement times has changed (P< .05) and interaction of
time�group for measurement times (P< .05) was shown for
balance abilities, muscle thickness in contraction, and contrac-
tion rate.
4. Discussion

This study compared progressive neuromuscular stabilization
exercise programs on different surfaces with highly obese patients
with lumbar instability. The results showed that the experimental
group who received progressive neuromuscular stabilization
exercise on unstable surface showed decreased pain, increased
motor function, and balance (P< .05).
Highly obese low back pain patients have the tendency to

maintain the CoP by excessively increasing the lodosis due to
Table 1

General characteristics.

Experimental group (n=20)

Sex (male/female) 13/7
Age (year) 36.55±7.32

∗

Height (cm) 169.10±10.35
Weight (kg) 87.66±10.88
Onset (month) 7.45±5.10
∗
Mean± standard deviation.

5

abdominal expansion. Additionally, lumbar lordosis due to
obesity applies much pressure to body joints; therefore, it
increases the risk of musculoskeletal diseases. Greve et al[22]

reported that mechanical structural changes due to obesity induce
musculoskeletal diseases such as degenerative arthritis, and
weight loss of obese low back pain patients decreases pain and
enhances quality of life.
Mirtz and Greene[23] reported that the risk for low back

pain increases when BMI is over 30kg/m2, and Shiri et al[24]

reported that abdominal obesity applies abnormal pressure to
the spine, thereby increasing low back pain. This suggests that
obesity is highly correlated to low back pain, and this study
also showed BMI changes before and after the interventions in
both groups (P< .05). Regular physical activities affected
endurance and BMI of highly obese patients, and it may also
decrease obesity. Although there was no difference between
the 2 groups, there was a difference in the effect size between
the experimental group who received exercise program on
unstable surface (SMD= .73, 95% CI=0.09–1.36) and the
control group who receive the exercise on a stable surface
(SMD=0.44, 95% CI=�0.18–1.05). The unstable surface in
the exercise program for highly obese patients contributed to
the BMI by deep muscle contraction, which maintains
trunk posture. Therefore weight loss needs to be achieved
before any interventions to highly obese patients with low
back pain.
Control group (n=21) t/x2 P

13/8 0.107 .744
36.40±7.74 0.063 .950
169.25±8.62 �0.050 .961
87.88±10.01 �0.063 .950
6.70±4.96 0.471 .640

http://www.md-journal.com


Table 3

Comparison of dependent variables according to the intervention between groups.

Experimental group (n=20) Control group (n=21) t (p) Time F (p) Time�group F (p)

CoP velocity (cm/s) Pre 4.59±0.66
∗

4.57±0.71 0.127 (0.900) 57.769 (0.000) 7.742 (0.008)
Post 3.68±0.66 4.14±0.78
Post–pre �0.91± .66 �0.42±0.43 3.271 (0.004)
t (p) �6.191 (0.000) �4.422 (0.000)

CoP length (cm) Pre 137.90±19.71 139.61±15.69 �0.303 (0.763) 37.977 (0.000) 5.088 (0.030)
Post 114.91±22.40 128.94±19.63
Post-pre �22.99±21.02 �10.67±12.45 2.772 (0.012)
t (p) �4.892 (0.000) �3.834 (0.001)

CoP area (cm2) Pre 9.11±3.37 8.50±2.78 0.626 (0.535) 23.993 (0.000) 6.026 (0.019)
Post 5.99±2.51 7.46±2.41
Post–pre �3.11±3.11 �1.03±2.15 2.225 (0.038)
t (p) �4.466 (0.000) �2.152 (0.044)

Muscle thickness in contraction (mm) Pre 0.39±0.05 0.38±0.06 0.258 (0.798) 3.691 (0.062) 11.618 (0.002)
Post 0.41±0.05 0.38±0.05
Post–pre 0.02±0.03 �0.00±0.02 �3.568 (0.002)
t (p) 3.287 (0.004) �1.270 (0.219)

Muscle thickness in resting (mm) Pre 0.27±0.035 0.27±0.06 0.197 (0.845) 0.343 (0.562) 0.007 (0.934)
Post 0.27±0.04 0.27±0.05
Post–pre 0.00±0.01 0.00±0.02 �0.111 (0.913)
t (p) 0.607 (0.551) 0.301 (0.767)

Contraction rate (%) Pre 1.45±0.21 1.46±0.21 �0.246 (0.807) 1.035 (0.315) 4.942 (0.032)
Post 1.53±0.26 1.43±0.24
Post–pre 0.08±0.12 �0.02±0.16 �2.230 (0.039)
t (p) 2.856 (0.010) �0.732 (0.473)

CoP= center of pressure.
∗
Mean± standard deviation.

Table 2

Comparison of dependent variables according to the intervention between groups.

Experimental group (n=20) Control group (n=21) t (p) Time F (p) Time�group F (p)

BMI (score) Pre 30.55±0.87
∗

30.60±1.58 �0.125 (0.901) 12.766 (0.001) 0.001 (0.978)
Post 29.93±0.84 29.97±1.29
Post–pre �0.62±1.02 �0.63±1.18 �0.026 (0.979)
t (p) �2.711 (0.014) �2.380 (0.028)

QVAS (cm) Pre 6.59±0.50 6.48± .51 0.702 (0.487) 420.731 (0.000) 14.563 (0.000)
Post 4.68±0.49 5.16±0.45
Post–pre �1.91±0.36 �1.31±0.61 5.022 (0.000)
t (p) �24.018 (0.000) �9.681 (0.000)

K-ODI (score) Pre 16.90±6.26 15.85±3.90 0.637 (0.529) 138.195 (0.000) 3.874 (0.056)
Post 10.45±5.13 11.25±3.04
Post–pre �6.45±3.28 �4.60±2.62 2.959 (0.008)
t (p) �8.783 (0.000) �7.841 (0.000)

FABQ-PA (score) Pre 21.65±2.78 21.90±2.38 �0.306 (0.762) 63.420 (0.000) 0.052 (0.821)
Post 17.15±2.62 17.65±3.79
Post–pre �4.50±2.89 �4.25±3.97 0.201 (0.843)
t (p) �6.957 (0.000) �4.785 (0.000)

FABQ-W (score) Pre 38.00±4.28 38.70±3.25 �0.583 (0.563) 163.454 (0.000) 1.008 (0.322)
Post 24.95±4.68 27.55±5.63
Post–pre �13.05±5.56 �11.15±6.38 1.075 (0.296)
t (p) �10.500 (0.000) �7.810 (0.000)

FABQ-total (score) Pre 59.60±6.20 60.60±4.76 �0.572 (0.571) 171.329 (0.000) 3.542 (0.067)
Post 42.10±5.00 47.50±8.96
Post–pre �17.50±6.46 �13.10±8.22 1.789 (0.090)
t (p) �12.114 (0.000) �7.127 (0.000)

∗
Mean± standard deviation, BMI=body mass index, FABQ= fear-avoidance beliefs questionnaire, K-ODI=Oswestry disability index-Korean, PA=physical activity, QVAS=quadruple visual analogue scale,

W=work.
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Progressive neuromuscular stabilization exercise on low back
pain patients is proven to be an effective intervention method
through many studies. Park and Lee[25] administered progressive
stabilization exercise program with respiratory resistance for 4
weeks to chronic low back pain patients, and showed significant
difference in pain level (P< .05, SMD=2.74, 95% CI=1.88–
3.60). The results of this study showed decreased pain levels for
both groups and it supports the results of prior studies (P< .05).
QVAS was used to measure pain where the experimental group
showed a change of mean 6.59 to 4.66 (P< .05, SMD=3.86,
95% CI=2.81–4.91) and the control group showed a change of
mean 6.47 to 5.16 (P< .05, SMD=2.74, 95% CI=1.88–3.61).
This proves that pain level has significantly decreased in both
groups (P< .05).
Progressive neuromuscular stabilization exercise not only

decreases pain, but it contributes to improvement of motor
function in physical activities. Roffey et al[26] reported that
weight loss of obese patients improved lumbar pain and
dysfunction. This study also used K-ODI to measure the
sensitivity of spinal diseases in general state, and to determine
the level of lumbar dysfunction. Considering Korean culture,
percentage was found for 45 points excluding the item for sexual
activities. The experimental group showed a change from
37.56% to 23.22% and the control group from 35.22% to
25%, illustrating the decrease of dysfunction level.
Fear-avoidance response during injury or disease affects

normal sensation for balance and may lead to sever dysfunc-
tion.[27] The result of FABQ for both groups showed decreased
psychological anxiety (P< .05) for physical activities and
occupational performance before and after the intervention,
but there was no difference between the groups. This may be due
to having all the participants performing exercise programs, and
they were not knowledgeable to which group they were assigned.
In addition, the differences in the effects of FABQ-PA of the
experimental group (SMD=1.67, 95% CI=0.95–2.39), control
group (SMD=1.34, 95% CI=0.67–2.01), FABQ-W of the
experimental group (SMD=2.91, 95% CI=2.02–3.79), and the
control group (SMD=2.43, 95%CI=1.63–3.22) showed amore
significant result.
Ogon et al[28] suggested that stability required in low back pain

patients is more than maintaining balance in a static position, but
rather it is a stability in continuous dynamic state. In order to
assess motor performance abilities, variables regarding velocity,
distance, and area of CoP were measured and compared and all
variables showed significant increases (P< .05). Additionally, the
experimental group showed a more significant difference
(P< .05) than the control group. This may imply that exercise
on unstable surface increased co-contraction of the deep core
muscles, which stabilizes the trunk, and contributed to trunk
stabilization. Thereby the index for balance ability was enhanced.
Nabavi et al[29] reported that ultrasonography not only

selectively measures deep muscles noninvasively, but also allows
observation of changes of activation order during muscle
contraction. Akuthota and Nadler[30] demonstrated that chronic
low back pain patients have instability due to weak trunk
muscles, which act as lumbar stabilizers. If lumbar instability is
existent, TrA and multifidis muscles cocontract to support the
spine and produce trunk stability. Because TrA is the deepest
muscle in the abdominals, it controls each vertebral segment and
increases stability.
In this study, only the experimental group who performed

exercise program on unstable surface showed significant
7

difference (P< .05) in muscle thickness and contraction rate of
TrA contraction. The exercise effect was maximized by
distributing the internal forces of the muscles that act on the
spine and each spinal joint to maintain balance on unstable
surfaces. In addition, cocontraction of TrA and deep muscles for
trunk stabilization may be suggested as an index for decreased
low back pain and improved motor function and balance ability.
Consequently, this study is methodologically meaningful since
TrA thickness was measured using the ultrasound after lumbar
neuromuscular stabilization exercise on low back pain patients.
This study has limitations. First of all, the age range of the

participantswas limited, thereby the resultsof this studyarehard to
generalize to low back pain patients of all ages. Secondly, obese
patients with the body mass index mean of 31 participated in the
exercise program, and this raises uncertainty whether super obese
patients are able to follow the intervention. Thirdly, there may be
some error range due to fat thickness during ultrasonic measure-
ment. In order to supplement this issue, physical therapist with 6
years of ultrasonic measurement experience made the measure-
mentalone tominimize the error. In future studies,modifications to
progressive stabilization exercise program on different surfaces
and the effects may be needed for discussion with these limitations
in consideration of these limitations.
5. Conclusion

This study investigates the effects of progressive neuromuscular
stabilization exercise program on unstable surface for highly
obese low back pain patients. The exercise resulted statistically
significant changes in decreased pain level, increased motor
function and balance, transverse abdominis muscle thickness in
contraction and contraction rate. Based on these results
progressive neuromuscular stabilization exercise on unstable
surface for highly obese low back pain patients has positive
effects on deep stabilization muscles and is helpful in maintaining
postural stability.
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