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ABSTRACT

Introduction: This study aimed to investigate
the effects of progressive postural control exer-
cise (PPCE) vs core stability exercise (CSE) in
patients with chronic low back pain (CLBP).
Methods: A total of 34 young-adult participants
with CLBP were randomly assigned to two
groups (the PPCE group and the CSE group).
They received instructions for two different
exercise training regimens persisting over
8 weeks. Before, after, and at 6 months after the
intervention, the participants were evaluated
on the basis of pain intensity (VAS), degree of
dysfunction (ODI and RMDQ), contractility of

transversus abdominis (TrA) and lumbar multi-
fidus (MF), as well as the ability to control static
posture.
Results: There was no significant difference
between the results of the PPCE group and the
CSE group. At the 6-month follow-up after the
8-week treatment, the scores of VAS, ODI, and
RMDQ in the two groups decreased significantly
compared to before (p\0.05). The percentage
change in thickness of bilateral TrA and left MF
(p\ 0.05) was elevated and the sway area of
center of pressure during static stance tasks with
eyes opened (p\ 0.05) was decreased in both
groups.
Conclusion: In the short term, PPCE provides
positive effects similar to those of core stability
exercise in patients with CLBP. The effective
mechanism of PPCE might be the consequence
of neuromuscular plasticity and adaptation
adjustments. PPCE enriches the choices of
treatment for CLBP.
Clinical Trial Registration: The trial was regis-
tered at www.chictr.org.cn, identifier
ChiCTR2100043113.

PLAIN LANGUAGE SUMMARY

Chronic low back pain (CLBP) is a widespread
disorder with highly recurrent prevalence. As of
now, the treatment effects are not satisfactory,
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leading to a search for novel therapies that
might work better in patients with CLBP. This
study comprehensively explored the effects of
progressive postural control exercise, as com-
pared to core stability exercise, on patients with
CLBP. The outcomes included pain intensity,
disability of daily life, contractility of trunk
muscles, and postural control. The results of the
study showed that the efficacy of exercises in
patients in the experimental group was similar
to that of the control group and both exercise
treatments improved the pain intensity, the
disability, the contractile function of trunk
muscle, as well as postural control in patients
with CLBP in the short term. The mechanism of
the effects of progressive postural control exer-
cise might be the consequence of ‘‘neuromus-
cular plasticity’’ and adaptation adjustments.

Keywords: Chronic low back pain; Progressive
postural control exercise; Core stability exercise;
Pain intensity; Postural control; Trunk muscle

Key Summary Points

Why carry out this study?

CLBP is a multifactorial disorder with a
high morbidity. The treatment effects of
CLBP, as of now, are not satisfactory.

PPCE is a novel exercise treatment that
includes motor control exercise and
resistance training.

PPCE was supposed to have better effects
in patients with CLBP than the standard
exercise strategy. This study aimed to
explore the effects of PPCE
comprehensively.

What was learned from the study?

On the basis of the findings of this study,
we concluded that PPCE has positive
short-term effects on patients with CLBP
but with few obvious advantages over
CSE.

PPCE can improve pain intensity and
disability, contractility of trunk muscle, as
well as postural control in patients with
CLBP.

PPCE, as a novel treatment, enriches the
treatment choices in patients with CLBP.

INTRODUCTION

Low back pain (LBP) is a common multifactorial
disorder around the world [1]. Among the
patients with LBP, chronic LBP (CLBP) is the
highest incidence rate [2]. The lifetime preva-
lence of LBP was reported to be as high as 84%
and that of CLBP was about 23% [3]. CLBP
brings huge burdens to patients with unsatis-
factory effects of treatments [2, 4]. Although
there has been some progress in the assessment
and treatment of this disorder in recent years,
obtaining satisfactory effects of treatment for
CLBP remains a challenge for researchers and
clinicians [5, 6].

According to the latest US Department of
Veterans Affairs and US Department of Defense
(VA/DoD) clinical practice guideline for LBP,
supervised exercise has been noted as a favored
and recommended method of conservative
therapeutic programs by researchers [5]. Medi-
cal evidence of moderate certainty shows that
exercise could be an effective treatment for
patients with CLBP as compared to groups given
no treatment, usual care, or placebo for pain [7].
It was also found to have improved pain and
functional limitations outcomes via core sta-
bility exercises (CSE) or general exercises [7].
Reports have also shown that CSE can improve
the activity of deep abdominal muscles and
elevated postural control in patients with CLBP
[8, 9]. As compared to general exercise, CSE is
more effective in reducing pain and improving
physical function in patients with CLBP in the
short term [10]. However, CSE has some limi-
tations. The long-term effects of CSE on patients
with CLBP are still controversial. No significant
long-term differences in pain were observed
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between CSE and general exercise [10],
although there is not much medical evidence
for these treatment options. It is unclear as to
which exercise program provides better and
longer effects in patients with CLBP [11, 12]. A
report by Lederman suggested that CSE had no
better effects than other forms of manual or
physical therapy or general exercise [13].
Therefore, it is necessary to identify and popu-
larize a universally adaptive and effective
training program for CLBP.

Progressive postural control exercise (PPCE)
is a novel strategy for patients with CLBP. It
originates from motor control exercise and
resistance training with a theme of challenging
postural control with phased progression. Searle
et al. suggested that a beneficial effect for
strength or resistance and coordination or sta-
bility exercise programs over other interven-
tions be used in the treatment of CLBP [14].
Motor control exercises were also reported to
produce slightly better short-term function and
perceptions of an effect than general exercise in
patients with chronic non-specific back pain
[15]. The progression of the training load was
suggested to improve postural control in young
individuals as it was better on neuromuscular
plasticity than general exercise [16]. Progressive
resistance training also has multiple positive
effects on postural control and gait in patients
with Parkinson’s disease [17], as well as in
improved balance and walking speed in patients
with chronic stroke [18]. On the basis of these
studies [12, 17, 19], PPCE is supposed to have
positive effects on patients with CLBP.

The morphology of the trunk muscle and
postural control as well as pain intensity and
daily function are commonly used to evaluate
the efficacy of treatment in patients with CLBP.
In 1992, Panjabi proposed the neutral zone and
instability hypothesis [20]. He argued that
weakness of muscles might result in spinal
instability or a low-back problem. Among the
trunk muscles, the deep muscles, such as
transversus abdominis (TrA) and lumbar multi-
fidus (MF), were suggested to play important
roles in core stability [21]. Structural changes of
TrA and MF were typically used to assess the
effects of the treatment on patients with CLBP
[22]. Postural control is a series of

neuromuscular control activities to achieve
spatial positioning of the limbs [23]. The pos-
tural control system is a complex process
involving proprioception, visual, and vestibular
senses [24, 25]. Previous studies suggested that
patients with CLBP had impaired postural con-
trol under various conditions, such as standing
on an unstable support surface or with visual
deprivation [25, 26]. Further, researchers tended
to study the function of trunk muscles and
postural control to explore the mechanism of
LBP [27]. Exercise therapy can also improve the
contractility of muscles and postural control
[28, 29].

This study sought to investigate the effects of
PPCE on patients with CLBP by comparing
PPCE with traditional CSE using pain intensity,
disability, morphology of trunk muscle, and
postural control at different time points as
indicators.

METHODS

Study Design and Randomization

This was a randomized controlled trial (RCT)
with single-blinded parallel groups of young-
adult patients with CLBP. The examiners and
the physiotherapists in the study, except for the
experimental designer, were blinded to the
participants. The participants in either group
were also blinded to the intervention given to
the other group. Ethical approval was obtained
and the trial is registered at ChiCTR
2100043113.

Participants

Participants had been recruited through adver-
tisements on a social platform and outpatient
service. The study began on July 1, 2020 and
ended on June 30, 2021. The inclusion criteria
for the CLBP participants were as follows: (1)
medical diagnosis of non-specific LBP with pain
and symptoms persisting for more than
3 months and (2) visual analog scale
(VAS)[3 cm; (3) patients aged between 18 and
40 years; (4) patients with non-specific CLBP;
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(5) no history of lumbar disc herniation or
trauma. Participants were excluded if they had
any of the following: (1) pregnant; (2) chronic
LBP of traumatic or structural origin or LBP with
neurological symptoms or pain radiation in the
lower leg(s); (3) previous back surgery, spinal
tumors or infections, or neurological and/or
musculoskeletal disorders unrelated to LBP like
stroke, Parkinson’s disease, demyelination,
multiple sclerosis, and so on [30]. The diagnosis
of CLBP was based on the diagnostic guidelines
published by the American College of Physi-
cians and the American Pain Society [31]. The
details of the recruiting process are illustrated in
Fig. 1.

Interventions

A total of 34 participants (10 male, 24 female)
were enrolled and divided randomly into two
groups of 17. The individuals in the PPCE group

were treated with the strategy of an 8-week
progressive postural control exercise, while
those in the CSE group underwent an 8-week
intervention with core stability exercise. If the
participants did not accomplish the treatment
or finish the 6-month follow-up, they would be
treated as dropouts. Every participant should
provide written consent before data collection.

Progressive Postural Control Exercise
PPCE consisted of three stages:

1. In the first stage, participants were mainly
trained with their core muscles against
gravity on a stable platform. The exercise
program consisted of six movements: pelvic
retroversion, crunches, glute bridge, bird-
dog, bear crawl, and contralateral arm lift-
ing. The first stage persisted for 2 weeks.

2. In the second stage, they were mainly
trained with the trunk muscle against grav-
ity and a Swiss ball for training on an

Fig. 1 Consolidated Standards of Reporting Trials
(CONSORT) flow diagram. PPCE progressive postural
control exercise (an intervention in the treatment group),

CSE core stability exercise (an intervention in the control
group), VAS visual analog scale (used to assess pain
intensity)
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unstable surface. This stage persisted for
3 weeks.

3. In the third stage, the movements of the
exercise performed with the help of a Swiss
ball and a stretch band or a 5-kg sandbag
helped train them on an unstable and less
supporting surface with resistance training.
The third stage persisted for 3 weeks. Each
stage consisted of six movements each
persisting for about 5 min and performed
for 30 min. Each movement of PPCE is
illustrated in Fig. 2.

Core Stability Exercise
The participants in the CSE group were
instructed to receive the intervention of a clas-
sic core stability exercise program. Core stability
exercise consists of the prone-plank, single leg-
bridge, side-plank, double leg-bridge, and bird-
dog [16]. The exercise program was also per-
formed over 8 weeks, three times a week, with
each session lasting 30 min [32]. The move-
ments of CSE in this study are shown in Fig. 3.

Measurements and Outcomes

Evaluation of Pain Intensity and Disability
of Daily Life
To understand the pain intensity and daily
function of the patients, participants in the two

groups were instructed to complete a Visual
Analogue Scale (VAS), Oswestry Disability Index
(ODI), and Roland Morris Disability Question-
naire (RMDQ) before and after the treatments as
well as 6 months after the treatments. VAS was
applied to measure the self-reported pain
intensity of the patients which requires the
participants to place a marker on a 10-cm-long
straight line with stops at each end; the left stop
indicated no pain while the right stop indicated
the worst pain imaginable [33].

The function of the daily life of the patients
with CLBP was evaluated with the question-
naires, ODI [34] and RMDQ [35]. The ODI cov-
ered activities of daily living that might be
disrupted by low back pain [36]. This included
10 items: one item on pain and nine items on
activities of daily living. Each item was mea-
sured on a six-point ordinal scale, ranging from
the best scenario to the worst scenario. The
reliability and validity of this study have already
been established [34]. ODI was considered an
appropriate instrument for assessing chronic
back pain-related disability in Chinese patients.

RMDQ was a short and simple self-rated
assessment of physical function in patients with
back pain with the advantage of ease of use,
making it suitable for follow-ups on the progress
of individual patients in clinical settings. RMDQ
was different from ODI in some content
[36, 37]. Participants were asked to check the

Fig. 2 The three stages of progressive postural control exercise. a Pelvic backswept; b crunches; c glute bridge; d bird-dog;
e bear crawl; f contralateral arm lifting. The training was 30 min long, performed three times a week, and lasted 8 weeks
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statements that represented their status on that
day. Each statement was awarded one point if
checked, giving a score out of 24.

Assessment of Thickness and Contractility
of Transversus Abdominis and Lumbar
Multifidus
Musculoskeletal ultrasound was used to mea-
sure the morphologic changes of the transver-
sus abdominis (TrA) and lumbar multifidus (MF)
of the participants. Ultrasound imaging was
reliable and reproducible for the evaluation of
muscle structure, function, and activity [38]. In
the present study, the examination device was a
rehabilitative ultrasound (SONIMAGE HS1,
Konica Minolta Inc., Japan) with a linear
transducer at 18.0 MHz for TrA and a curvilinear
transducer at 4.0 MHz for MF.

The method of TrA examination was as fol-
lows: instruct the participants to lie supine with
arms crossed over the chest, hips flexed to 50�,
and knees flexed to 90� so that the abdomen
was relaxed and fully exposed. The linear
transducer (L18-4) with B-mode was placed at
the intersection between the level of the

umbilicus and the axillary front on one side.
The parameter recorded during the period
where the participant relaxed was the thickness
at rest state and was repeated three times. Then,
three repetitions of the abdominal draw-in
maneuver (ADIM) were performed and assigned
as the maximum voluntary isometric contrac-
tion (MVIC) state [39]. The same method was
used to measure the other side of TrA.

The methods of MF examination are as fol-
lows: the participant adopts the prone position
and puts the head (relaxed) in the hole of the
physical therapy bed. An inclinometer was
placed longitudinally over the lumbo/sacral
junction and pillows were used to flatten the
lumbar curve to less than 10�. The curvilinear
transducer (C5-2) with B-mode was placed lon-
gitudinally along the spine with the mid-point
over the L4 spinous process. It was moved lat-
erally and angled slightly medially until the L4/
5 zygapophyseal joint could be identified. This
scan point is directly over the MF and mea-
surement from this landmark to the plane
between the muscle and subcutaneous tissue
was used for the linear measurement of the LM

Fig. 3 Schematic of the classic core stability exercise (CSE). a Prone-plank; b right single leg-bridge; c left single-bridge;
d side-plank; e double-bridge; f bird-dog. The training was 30 min long, performed three times a week, and lasted 8 weeks
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at rest, and the thickness recorded during the
contralateral arm lifting tasks was performed in
the same plane as the MVICs. Every state of
each side of the MF was repeated three times.

Considering differences in gender, body
weight, height, and age, the percentages of
changes in average muscle thickness from three
measurements underwent statistical analysis.
The percentage change in muscle thickness was
calculated as follows [40]:

Percentage change %ð Þ

¼ Thickness ðMVICÞ � Thickness ðrestÞ
Thickness ðrestÞ � 100%

Postural Control Measurements
Before and after the treatments, each partici-
pant was asked to do four static stance tasks to
test their postural control ability. The balancing
instrument applied in the present study was
PRO-KIN Version, PK252P, TecnoBody, made in
Italy. These testing tasks consisted of stance
with eyes opened (EO), stance with eyes closed,
right single leg stance (RSL), and left single leg
stance (LSL). These tasks were as follows:

(a) Static stance with eyes opened task (EO):
Participants were instructed to stand up
straight on a stable pressure plate with bare
feet with their hands placed vertically at
each side of the body. After a signal from
the examiner, the participants were
instructed to keep the posture static for
30 s with their eyes looking forward
horizontally.

(b) Static stance with eyes closed task (EC):
This task was similar to the EO task but the
participants were asked to keep their eyes
closed while standing.

(c) Right single leg stance task (RSL): Partici-
pants were instructed to stand up straight
on a stable pressure plate with bare feet
with their hands placed vertically at each
side of the body. After a signal, participants
lift their left leg with the knee flexion at
90� and had the right foot standing up
straight on the pressure plate, and persisted
for 30 s with the eyes looking forward
horizontally.

(d) Left single leg stance task (LSL): This task
was similar to the RSL task, except for the
participants being asked to change the
supporting foot to the left with a right leg
lift.

After resting for 2 min, the participants were
instructed to repeat the measurements three
times. The mean values of the three measure-
ments were included in the statistics. The dis-
placement area of the center of pressure (COP),
average displacement velocity of COP on the X-
axis, and average displacement velocity of COP
on the Y-axis were recorded as the statistical
parameters.

Sample Size Calculation

The sample size calculation was based on the
results of the primary outcome of VAS. A dif-
ference of an average of 3.00 points in the score
was considered clinically significant. The sam-
ple size was determined using the G*Power 3.1
version with a = 0.05 (two-sided) and
(1 - b) = 0.8, with an effect size of 0.4. The total
sample size was 34 patients.

Statistical Analysis

All the parameters were performed by statistical
analysis by SPSS version 26.0 (IBM Statistics,
New York, USA). Continuous data are presented
as the mean ± standard according to normal
distribution. The Kolmogorov–Smirnov test was
used to determine the normality of the data.
When the variables fit a normal curve, inde-
pendent samples t tests were used to compare
the continuous variables between groups, and
the chi-square test was used to compare in terms
of sex and presented as a number (proportion).
One-way repeated measures analysis of variance
(ANOVA) was applied to analyze differences in
the interaction effects between groups and time
points. When the variables did not fit a normal
curve, the Mann–Whitney U test and the
Kruskal–Wallis test were used for the analysis
between groups and time points. p\0.05 indi-
cated statistical significance.
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RESULTS

Basic Characteristics of Participants

Thirty-four participants with CLBP, aged 18 to
40 years (10 male and 24 female) voluntarily
participated in the study. The distribution of
sex, age, height, weight, BMI, and pain duration
of the participants in the PPCE group was sim-
ilar to the CSE group. At baseline, the demo-
graphic and clinical characteristics of
participants between the PPCE group and the
CSE group showed no significant difference
(p[ 0.05). The results of the data were illus-
trated in Table 1.

Primary Outcome

Scores of VAS, ODI, and RMDQ Decreased
After PPCE
The scores of the pain intensity and disability of
daily life decreased after 8-week interventions.

VAS As shown in Fig. 4a, a comparison of the
scores of VAS between the groups found no
difference at the three time points (p[0.05).
Compared to baseline (PPCE group,
5.45 ± 1.19; CSE group 5.02 ± 1.13), the scores
of VAS in the two groups reduced significantly
after the 8-week treatments (PPCE group,
2.18 ± 1.96; CSE group 1.82 ± 1.54) (p\0.01).

Six months after the interventions, the score of
VAS persisted (PPCE group, 3.18 ± 1.78; CSE
group 2.59 ± 1.91) (p\0.01) with a significant
difference to the scores at baseline (p\0.01).

ODI As shown in Fig. 4b, a comparison of the
scores of ODI between the groups found no
difference at the three time points (p[0.05).
The scores of ODI decreased significantly in the
CSE group after treatments (p\ 0.05) but not
significantly in the PPCE group (p = 0.054). The
mean values of ODI at baseline were
7.12 ± 3.10 in the PPCE group and 8.47 ± 3.81
in the CSE group; after 8-week treatments, the
scores were 4.71 ± 2.78 in the PPCE group
(p\ 0.01) and 3.53 ± 2.55 in the CSE group;
and at the 6-month follow-up, the scores of ODI
(5.06 ± 2.28 in the PPCE group; 5.06 ± 3.83 in
the CSE group) showed significant difference
from baseline (p\ 0.05).

RMDQ As shown in Fig. 4c, a comparison of
the scores of RMDQ between the groups found
no difference at the three time points
(p[ 0.05). The scores in each group signifi-
cantly reduced from baseline (PPCE group,
4.41 ± 3.20; CSE group 2.88 ± 2.29) to 8 weeks
after treatment (PPCE group, 2.21 ± 2.87; CSE
group 1.18 ± 1.45) (p\ 0.05). At the 6-month
follow-up (PPCE group, 2.24 ± 1.99; CSE group

Table 1 Baseline demographic and clinical variables

Characteristics PPCE (n = 17) CSE (n = 17) p value

Sex (male/female)a 5/12 5/12 1.000

Age (years)c 26.0 (24.50, 28.50) 25.00 (23.50, 30.00) 0.760

Height (cm)b 165.00 (157.50, 171.00) 162.00 (159.50, 166.50) 0.658

Weight (kg)b 53.00 (48.00, 59.50) 55.00 (46.35, 63.50) 0.766

BMI (kg/m2)c 19.94 (18.76, 20.42) 20.24 (18.11, 22.57) 0.658

Pain duration (months)c 12 (6, 36) 12 (6, 24) 0.760

Data are presented as median (interquartile range) or number of patients
BMI body mass index
aBeside the variables means the method of statistical analysis is chi-square test
bIndependent samples t test
cMann-Whitney U test
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2.41 ± 2.81), the scores of RMDQ in the PPCE
group persisted (vs after treatment, p[ 0.05).

Secondary Outcomes

Thickness and Contractility of TrA and MF
Changed After Interventions
The thickness of TrA and MF was measured in
all but one participant, who missed the

examination because of personal reasons. Data
from 33 participants were then used for analysis
(17 in PPCE, 16 in CSE).

As shown in Fig. 5, the time effects of R-TrA
at MVIC, R-TrA change %, L-TrA at MVIC, L-TrA
change %, and L-MF change % were significant
(p\ 0.05). The contractility of bilateral TrA
(before treatment, R 70.19 ± 30.64, L
80.93 ± 27.08 in the PPCE group; R

Fig. 4 Scores of VAS, ODI, and RMDQ at three different
time points. No significant difference appeared in the
groups. PPCE progressive postural control exercise, CSE
core stability exercise. *Compared to the scores before

treatments, PPCE group, p\ 0.05; #Compared to the
scores before treatments, CSE group, p\ 0.05; **, ##,
p\ 0.01
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62.56 ± 27.08, L 85.80 ± 37.71 in the CSE
group) and left MF (34.32 ± 12.22 in the PPCE
group; 30.00 ± 11.72 in the CSE group)
improved after the interventions (after treat-
ment, R-TrA 93.40 ± 32.21, L-TrA
108.64 ± 34.90, L-MF 39.00 ± 11.92, in the
PPCE group; R-TrA 102.29 ± 45.54, L-TrA
93.41 ± 38.84, L-MF 35.53 ± 15.22, in the CSE
group) (p\0.05). No significant difference
appeared between groups and time groups of all
the variables of TrA and MF (p[0.05).

Postural Control Changed During Static
Stance Tasks
As shown in Fig. 6, the sway area of COP
decreased after the interventions during the
four static stance tasks. The time effects of the
sway area of COP during EO, RSL, and LSL tasks
were significant (p\0.05). During the EC task,
the time effect of the sway area was not signif-
icant (p = 0.317). However, there was no sig-
nificant difference between the groups and time
groups of all the variables in these four stance
tasks (p[ 0.05).

DISCUSSION

The present study aimed to comprehensively
evaluate the effects of 8-week PPCE vs 8-week
CSE on patients with CLBP. The results showed
that both these interventions improved the
pain intensity and disability of CLBP in the
short term. Further, PPCE and CSE enhanced
the contractility of deep trunk muscles and
elevated postural control in patients with CLBP.

In this study, PPCE presented effects similar
to CSE in pain reduction and disability
improvement. CSE was also reported to reduce

pain intensity and disability in patients with
CLBP in the short term. Kim and Yim examined
the effects of CSE and hip muscle stretching
exercises on physical function (i.e., pain, insta-
bility, hip muscle flexibility) and activity (i.e.
disability, balance, quality of life) in patients
with CLBP [9]. In our study, the significant
reductions of VAS, ODI, and RMDQ in the CSE
group after the intervention are consistent with
previous studies on core stability exercise [9].
The effects persist in the short term for
6 months (Fig. 4).

On the other hand, researchers tended to
study the function of trunk muscles and pos-
tural control in order to evaluate the effects of
treatments on patients with CLBP [27]. We
found that PPCE enhanced the contractility of
TrA and MF. In this study, the percentage
change of bilateral TrA and left MF increased in
the PPCE group. The improvement of these
deep trunk muscles should have a positive effect
on core stability [41]. Core stability was sup-
posed to be an important factor in causing LBP
[13]. Previous studies demonstrated a change in
the onset timing of the trunk muscles in back
injury and patients with CLBP [42] leading to
impaired postural control [43]. Abnormal
recruitment patterns of trunk muscles have also
been reported to appear in patients with CLBP
[44]. These studies suggest a correlation
between the function of trunk muscles in
patients with CLBP and impaired postural con-
trol [45]. This effective mechanism might be the
consequence of ‘‘neuromuscular plasticity’’ and
adaptation adjustments. In this study, the per-
centage change of right MF did not change
significantly after the treatments compared to
before as a result of the right-handed lifestyle of
the volunteers. The right multifidus muscle has
decreased its plasticity with years of favorable
handed lifestyle. Patients with CLBP have also
been reported to exhibit a higher asymmetry for
trunk muscle activity in some functional tasks
[46, 47], affecting the effect of exercise therapy
on these participants. Another explanation
might be a bias of samples.

Postural control is important in our daily life
[24]. Concerning the role of the neuromuscular
control system, an increased body sway has
been found in patients with low back pain,

bFig. 5 Thickness of the trunk muscles at different states
and the percentage change of TrA or MF before and after
the interventions. No significant difference appeared
between the groups (p[ 0.05). PPCE progressive postural
control exercise, CSE core stability exercise, TrA transver-
sus abdominis, MF multifidus. *Compared to the scores
before treatment in the PPCE group, p\ 0.05; #Com-
pared to the scores before treatment in the CSE group,
p\ 0.05; ** and ## mean p\ 0.01
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indicating a less efficient muscle control system
with a decreased ability to provide the needed
spinal stability [48]. Static stance tasks were
usually applied to evaluate the postural control
in patients with CLBP [49]. Sway area is one of
the most common parameters for presenting
the displacement of COP. The smaller the area
is, the less the body sways. In this study, the
sway area of COP decreased during EO, RSL, and
LSL tasks after the exercise treatments. These
results indicated that both PPCE and CSE
enhanced the ability of static postural control in
patients with CLBP. A comparison of the results
under these four different conditions revealed
that these balance enhancements during the
eyes open task and single leg stance tasks were
possibly attributed to improvements in the
motor control of the deep trunk muscles and
adaptation adjustments; the conclusions were
also consistent with those of Page et al. [28].

However, no significant improvements in the
sway area happened during the EC task, sug-
gesting that there is a limited effect of PPCE on
proprioception without vision. Further studies
are needed to elucidate the therapeutic mecha-
nism of PPCE.

Limitations

This study contains serval limitations. Firstly,
the sample size is small such that the SD values
of the parameters might be too large to find a
significant difference between the two groups.
Secondly, the recruiting methods could be
associated with a selection bias. Since the par-
ticipants included in the study are young adults
with nonspecific CLBP, it does not represent
aging patients. PPCE treatment requires rela-
tively high strength and might hurt old

Fig. 6 Sway area of COP changed during different static
stance tasks after the interventions. *Compared to the
scores before treatment in the PPCE group, p\ 0.05;
#Compared to the scores before treatment in the CSE

group. PPCE progressive postural control exercise, CSE
core stability exercise. No significant difference appeared
between the groups (p[ 0.05)
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patients, which needs further studies. Thirdly,
the effects of the interventions were evaluated
only up to 6 months in this study. There is also
a lack of evaluation of long-term effects. Future
studies should conduct a long-term follow-up
test to understand how the patients maintain
exercise programs and how the effects persist.
This could provide medical evidence for train-
ing in the treatment of CLBP.

CONCLUSION

PPCE has positive short-term effects on patients
with CLBP which were similar to those of CSE.
PPCE improves pain intensity and disability of
the patients, enhances the contractility of TrA
and MF, and elevates postural control ability.
The mechanism of the effects of PPCE is com-
plicated and might be the consequence of
‘‘neuromuscular plasticity’’ and adaptation
adjustments. However, PPCE as a novel exercise
strategy for CLBP enriches the choices of treat-
ments for clinicians. Future research should
focus on the long-term effects of PPCE on
patients with CLBP.
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