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ABSTRACT

Introduction: This study aimed to investigate
the effect of cognitive load on anticipatory
postural adjustment (APA) latency in patients
with non-specific chronic low back pain
(NCLBP) and its relationship with pain-related
functional changes.
Methods: A cross-sectional study was con-
ducted from December 15, 2022 to January 25,
2023. Participants were divided into a healthy
control group (n = 29) and an NCLBP group
(n = 29). Each group was assigned a single task
of rapid arm raising and a dual task of rapid arm
raising combined with a cognitive load. The
cognitive load task was conducted using visual
conflict. The APA latency for bilateral trunk
muscles was observed using electromyography.
The duration of electromyography recording in
each task cycle was 28 s. Pain related-functional
changes were evaluated using Roland–Morris
Disability Questionnaire (RMDQ) before all
tasks.
Results: The APA latency for the right multi-
fidus was significantly delayed in the NCLBP

group [25.38, 95% confidence interval (CI)
13.41–37.35] than in the healthy control group
(- 5.80, 95% CI - 19.28 to 7.68) during dual
task (p = 0.0416). The APA latency for the right
multifidus (25.38, 95% CI 13.41–37.35) and
transverse abdominis/internal oblique (29.15,
95% CI 18.81–39.50) were significantly delayed
compared with on the left side in the NCLBP
group during dual task (- 3.03, 95% CI -

15.18–9.13, p = 0.0220; 3.69, 95% CI - 6.81 to
14.18, p = 0.0363). The latency delay of the
right and left multifidus APA in the NCLBP
group under the dual-task was positively corre-
lated with RMDQ scores (r = 0.5560, p = 0.0017;
r = 0.4010, p = 0.0311).
Conclusions: Cognitive load could induce APA
delay in the right trunk muscles and co-activa-
tion pattern changes in bilateral trunk muscle
APA in patients with NCLBP. The APA onset
delay in multifidus is positively related to pain-
related daily dysfunction.Trial Registra-
tionChiCTR2300068580 (retrospectively regis-
tered in February 23, 2023).

Keywords: Low back pain; Cognition; Core
stability; Electromyography; Posture; Activities
of daily livingHuai-chun Yang and Wen-wu Xiao are co-first authors.

H. Yang � W. Xiao � Y. Guan � H. Mao � Z. Hao �
C. Wang (&)
Department of Rehabilitation Medicine, First
Affiliated Hospital of Sun Yat-Sen University,
Guangzhou 510080, China
e-mail: wangchuh@mail.sysu.edu.cn

Pain Ther (2023) 12:723–735

https://doi.org/10.1007/s40122-023-00495-0

http://orcid.org/0000-0002-8071-9298
http://crossmark.crossref.org/dialog/?doi=10.1007/s40122-023-00495-0&amp;domain=pdf
https://doi.org/10.1007/s40122-023-00495-0


Key Summary Points

Why carry out this study?

Non-specific chronic low back pain
(NCLBP) is a major factor contributing to
working efficiency loss and daily activity
limitation.

Anticipatory postural adjustment (APA)
latency changes are characteristic of
postural control changes in NCLBP;
however, the changes in trunk muscle
APA in NCLBP under cognitive load are
not clear.

This study aimed to explore the effects of
cognitive load on changes in trunk muscle
APA latency and the correlation between
cognitive load-induced changes in APA
and self-reported dysfunction

What was learned from this study?

Cognitive load could exacerbate the delay
of right multifidus APA onset and bilateral
trunk muscle APA co-activation pattern
changes in patients with NCLBP when
faced with postural disturbance.

Delayed APA latency in multifidus
induced by cognitive load was associated
with self-reported dysfunction of daily
life.

INTRODUCTION

Non-specific chronic low back pain (NCLBP)
accounts for 90–95% of chronic low back pain
cases. It has become a major public health
problem worldwide and is considered a serious
burden on personal life and social economy
[1, 2]. The pathogenesis of NCLBP remains lar-
gely unknown, and there is an urgent need to
further explore the mechanisms of pain devel-
opment in this pathological group.

Anticipatory postural adjustment (APA) is
defined as a posture adjustment strategy in

which the human body activates muscles to
minimize instability during an expected postu-
ral perturbation through the feedforward
mechanism [3, 4]. It occurs between - 150
and ? 49 ms before postural disturbance and is
a neuromuscular control process controlled by
the central nervous system [5]. APA function
primarily for stability and balance maintenance
after predictable postural disturbances [6, 7].
Changes in APA have also been demonstrated to
be associated with the development of NCLBP
[8, 9]. For instance, pain induced by prolonged
standing is associated with decreased regulatory
capacity of transverse abdominis/internal obli-
que (TrA/IO) APA in patient with low back pain
[10]. Compared with healthy subjects, the
latency of multifidus (MF) activation in patients
with chronic low back pain was significantly
delayed in response to predictable postural
interference [11]. A meta-analysis reports pos-
tural control abnormalities in patients with
NCLBP is characterized by delayed activation of
trunk muscle APA [12]. Especially, deep trunk
muscles such as TrA/IO and MF play an impor-
tant role in lumbar spine stabilization [13, 14].
However, whether the APA latency changes in
TrA/IO and MF contribute to pain-related dys-
function in people with NCLBP is rarely repor-
ted. Further exploring the relationship between
the APA latency changes in TrA/IO and MF and
pain-related dysfunction may help in under-
standing the development of dysfunction in
NCLBP.

Cognitive load has been reported to affect
the feedforward control of APA [15]. Our pre-
vious research found that older patients with
NCLBP had reduced APA control capacity when
performing cognitive tasks simultaneously with
postural control tasks, and reduced APA per-
formance was associated with a greater risk of
falling [16]. Another study showed that the
activation latency of the tibialis anterior (ago-
nist) was shortened while that of the gastroc-
nemius (antagonist) was prolonged in patients
with NCLBP when performing postural pertur-
bation combined with a backward digit span
task, compared with that in healthy subjects
[17]. These studies suggest that cognitive load
have an impact on APA latency in patients with
NCLBP. However, empirical evidence on the
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effect of cognitive load on the latency in trunk
muscle APA activation and changes in pain-re-
lated functions is currently lacking. Based on
the gaps in previous studies, the present study
aimed to explore the effect of cognitive load on
the latency of APA in the trunk muscles and the
relationships between alterations of APA
latency and pain-related functional changes in
patients with NCLBP. This study would provide
potential ideas for expanding clinicians’
understanding of the dysfunction development
in NCLBP, and optimizing the rehabilitation
approach for patient with NCLBP. At the same
time, this study suggested future researches
aimed to exploring the APA changes may con-
tribute to revealing the pathogenesis of NCLBP.

METHODS

Participants and Grouping

This was a cross-sectional study performed in
rehabilitation medicine laboratory of the First
Affiliated Hospital, Sun Yat-sen University, from
December 15, 2022 to January 25, 2023. A
physician with experience in diagnosis and
treatment of low back pain included the par-
ticipants in the study. Sixty subjects (30 partic-
ipants with NCLBP, 30 healthy participants)
from medical and community centers were
enrolled in this study. One participant with
NCLBP and one healthy control participant
dropped out due to personal reason. The par-
ticipants were divided into a healthy control
(HC) group (n = 29) and a NCLBP group (n = 29)
and received rapid arm raising task (RAR)
without and with cognitive load. The sample
size calculation was based on our previous study
[16] and an independent study [17]. All partic-
ipants were informed of the experimental pro-
tocol and fully understood their role in the
study. All subjects underwent a detailed medical
history inquiry and physical examination to
rule out specific low back pain. The inclusion
and exclusion criteria for patients with NCLBP
described previously [18, 19]. Briefly, inclusion
criteria were: (1) age between 18 and 50 years;
(2) pain located between the 12th rib and hip;
(3) pain duration of[ 3 months, visual

analogue scale (VAS) scores of C 3, and at least
one recurrent episode of low back pain in the
past 3–15 months; and (4) right-handed.
Exclusion criteria were: (1) history of pelvic or
spine surgery within the past 2 years; (2) pres-
ence of any specific lumbar pathological chan-
ges; (3) presence of radicular symptoms; (4)
body mass index (BMI) of[30 kg/m2; (5) low
back pain treatment performed within the past
3 months; (6) preparing for pregnancy or cur-
rently pregnant; (7) severe dysfunctions of vital
organs (such as the heart, lungs, and kidneys);
and (8) presence of visual, auditory, or cognitive
impairments. All participants signed an
informed consent form after adequate commu-
nication regarding the experimental process
and potential risks. Before the experiment, their
personal information, such as name, age, sex,
course of disease, weight, height, and BMI, was
collected. The VAS for pain severity assessment
and Roland–Morris Disability Questionnaire
(RMDQ) for functional disability assessment
[20] were applied before RAR rask in this study.
The RMDQ and VAS questionnaires were reli-
able and valid approaches for function and pain
assessment for chronic low back pain [21, 22].
This study was approved by the Human Subjects
Ethics Subcommittee of the First Affiliated
Hospital, Sun Yat-sen University (grant number:
2022.551) and retrospectively registered with
the Chinese Clinical Trials Registry (number:
ChiCTR2300068580, February 23, 2023). This
study was conducted in accordance with the
principles of the Declaration of Helsinki of 1964
and its amendments.

Surface Electromyography Acquisition
(sEMG)

The sEMG is a reliable method for detecting
muscle APA onset [23, 24]. Sixteen-channel
wireless sEMG (TrignoTM Avanti Platform; Del-
sys Inc., Natick, MA, USA) was used to acquire
sEMG signals of the target trunk muscles and
the right upper limbs. Hair removal and clean-
ing of the target muscle regions with 75%
anhydrous ethanol were performed before
sEMG detection. The muscles included the
dominant deltoid muscle, bilateral TrA/IO, and
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MF. Electrodes were placed in reference to pre-
vious studies [25, 26]. The sEMG onset in the
anterior part of the right deltoid muscle was
defined as the timepoint of sudden postural
disturbances and recorded as T0. The APA sig-
nals in the right arm-raising test were collected,
in which the APA onset timepoint (Tonset) for
the target trunk muscle was defined as ± 2
standard deviation values higher than the elec-
tromyography acquisition (EMG) baseline, and
APA latency (Tlatency) was calculated as Ton-

set - T0. A positive Tlatency indicated that the
target trunk muscle is activated after the ante-
rior deltoid muscle activation, or the target
trunk muscle is activated before the anterior
deltoid muscle activation. The duration of
electromyography recording in each task cycle
was 28 s.

Single Task of Postural Perturbation

The RAR task was used for single task of internal
postural perturbation according to previous
studies [27, 28] with slight modifications. To
minimize muscle resting activity, subjects were
required to remain relaxed and avoid coughing
and speaking during the test. The participants
stood on a platform with their feet shoulder
width apart and their eyes staring at a monitor
positioned straight ahead. The monitor was
placed 2 m in front of each participant. An
electrode pad was mounted on the participant’s
dominant deltoid muscle to record the onset
time (T0) of internal posture interference. For
instance, the visual cue of ‘‘Prepare’’ was first
displayed for 3 s, and then the visual cue of
‘‘right arrow’’ was displayed subsequently.
When the participants noticed the ‘‘right arrow’’
prompt, they extended the dominant upper
limb (right upper limb) as soon as possible
within 10 s, with an extension angle of at least
90�. The participants then rested for 15 s for the
next cycles. The participants performed two to
three RAR tasks to familiarize themselves with
the test path and adjust the direction and speed
of arm raising before the formal test. The ‘‘right
arrow’’ and ‘‘left arrow’’ in each single task were
at random and balanced. The participants
repeated the standard RAR task 20 times.

Dual Task of Postural Perturbation

Dual task was applied by RAR combined with a
cognitive load task (visual conflict), as previ-
ously described [28] with slight modifications.
The visual conflict task was demonstrated
simultaneously with the RAR task. In the case of
a visual conflict, there was an arrow indicating
the opposite direction to the other arrows, and
the participant was required to raise the arm in
accordance with the inconsistent arrow direc-
tion. The arrow visual cues in dual task were at
random and balanced. Dual task was performed
after single task was completed. The participant
repeated the dual task (RAR task combined with
cognitive load task) 20 times.

Statistical Analysis

MATLAB R2019b (MathWorks, Natick, MA,
USA) was used to process EMG signals offline.
GraphPad Prism (version 8.0; GraphPad Soft-
ware, USA) was used for statistical analysis. All
data were tested for normality. The measure-
ment data (age, height, weight, and BMI) of the
two groups were tested for differences by an
independent t test, while gender was tested
using the chi-square test. APA latency was ana-
lyzed by three factors mixed-design ANOVA, in
which the within-subject factors included time
(before vs. after cognitive load) and muscle
location (left vs. right), and the between-subject
factor was group (NCLBP vs. HC). The correla-
tion between APA latency and RMDQ score was
analyzed using Spearman’s correlation analysis.
Statistical significance was established at
p\0.05.

The Tukey test was performed for correcting
the subsequent multiple comparisons when
there was a statistical difference in the main
effect or interaction.

RESULTS

Basic Demographic Characteristics

Sixty participants (30 participants with NCLBP
and 30 healthy control participants) were
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considered for participation in this study. One
participant with NCLBP and one healthy con-
trol participant dropped out due to personal
reason. After removing anomalous data, 58
participants were finally included in the analy-
sis. An illustration of the experiment and the
test workflow for each group are shown in
Fig. 1. The basic statistics of the participants in
each group are shown in Table 1. There were no
significant differences between the groups in
terms of gender (p = 0.5990), age (p = 0.2269),
weight (p = 0.9186), height (p = 0.3457), or BMI
(p = 0.5599).

APA Latency in Rapid Arm-raising Task
with and Without Cognitive Load

The TrA/IO and MF play important roles in
maintaining the stability of the lumbar spine
[29, 30]. APA latency changes play an important
role in postural control alteration in low back
pain [31]. Therefore, we focused on APA latency
in the TrA/IO and MF. As shown in Fig. 2a, time
effects (F(1, 56) = 5.24, p = 0.0259), and location
effects (F(1, 56) = 18.38, p\ 0.0001) had signifi-
cant effect on APA latency of the TrA/IO. The

Fig. 1 a Illustration of experiment. The participants
executed the RAR task with or without visual conflict as
indicated by the monitor. Each participant performed
RAR task with visual conflict after RAR task without
visual conflict was completed. The arrow visual cue in each

task was at random and balanced. b Test workflow of each
group. NCLBP non-specific chronic low back pain, HC
health control, APA anticipatory postural adjustment,
RAR rapid arm-raising, VAS visual analogue scale, RMDQ
Roland–Morris Disability Questionnaire

Table 1 Baseline demographic variables

NCLBP (n = 29) HC (n = 29) p

Gender(male/female)a 14/15 17/12 0.5990

Age(years)b 27.90 ± 3.80 29.14 ± 3.94 0.2269

Weight (kg)b 61.81 ± 12.29 62.10 ± 9.26 0.9186

High (cm)b 166.30 ± 8.52 168.30 ± 7.46 0.3457

BMI (kg/m2)b 22.14 ± 2.53 21.81 ± 1.77 0.5599

Values are presented as mean (standard deviation)
BMI body mass index, NCLBP non-specific chronic low back pain, HC health control
aChi-square test
bIndependent t test
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group effect (F(1, 56) = 1.02, p = 0.3159) had no
significant effect on the latency of APA in the
TrA/IO. There was no interaction effect between
time and group (F(1, 56) = 0.43, p = 0.5140),
between time and location (F(1, 56) = 1.20,
p = 0.2789), or between group and location (F(1,
56) = 0.04, p = 0.8443). There were no interac-
tion effects among group, time, and location
(F(1, 56) = 1.36, p = 0.2487). In the case of cog-
nitive load, the APA latency of the right TrA/IO
was significantly delayed compared with that of
the left TrA/IO in the NCLBP group [mean
29.15, 95% confidence interval (CI) 18.81 to
39.50 versus mean 3.69, 95% CI - 6.81 to 14.18,
p = 0.0363]. As shown in Fig. 2b, time effects
(F(1, 56) = 13.28, p = 0.0006), and the location
effects (F(1, 56) = 23.81, p\ 0.0001) had signifi-
cant effect on the latency of APA in MF. There
were significant interaction effects between
time and group (F(1, 56) = 7.62, p = 0.0078).
There were no interaction effects between time,
group, and location (F(1, 56) = 0.88, p = 0.3523).
The APA latency of the right MF under cognitive

load was significantly delayed compared with
that on the left side in patients with NCLBP
(mean 25.38, 95% CI 13.41–37.35 versus means
- 3.03, 95% CI - 15.18 to 9.13, p = 0.0220) and
right side in patients with NCLBP without cog-
nitive load (mean 25.38, 95% CI 13.41–37.35
versus means - 5.88, 95% CI - 22.56 to 10.80,
p = 0.0092). During the dual task, the APA
latency of right MF was significantly delayed
than that on the right side in the HC group
(mean 25.38, 95% CI 13.41–37.35 versus mean
- 5.80, 95% CI - 19.28 to 7.68, p = 0.0416).
Results of three-factors mixed-design ANOVA
for APA latency of bilateral trunk muscles were
present in Supplementary Table 1.

Positive Correlation Between Delayed APA
Onset and RMDQ Scores in Participants
with NCLBP During the Dual Task

Several studies have reported a relationship
between APA latency alterations and low back
pain-related dysfunction. Therefore, we further

Fig. 2 APA latency of bilateral TrA/IO and MF between
NCLBP participants and healthy controls in the rapid
arm-raising task with or without cognitive load. a The
latency of the right TrA/IO was delayed significantly more
than the left TrA/IO in participants with NCLBP during
the dual task. * p\ 0.05, right vs. left muscle in NCLBP in
dual task. b The latency of the right MF during the dual
task in participants with NCLBP was delayed significantly
more than that of the left MF during the dual task and
that of the right side during the single task. During the

dual task, the APA latency of right MF was significantly
delayed than that on the right side in the HC group.
*p\ 0.05, right vs. left muscle in NCLBP in dual task.
##p\ 0.01, no cognitive load vs. cognitive load in right
muscle in NCLBP. $p\ 0.05, NCLBP vs. HC in right
muscle during dual task. Data are presented as mean
(standard deviation). TrA/IO transverse abdominis/inter-
nal oblique, MF multifidus, APA anticipatory postural
adjustment, NCLBP non-specific chronic lower back pain,
HC healthy control
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analyzed the correlation between the changes
in APA latency of the TrA/IO and MF with
RMDQ scores. As shown in Fig. 3, the APA
latency delay in the right MF (r = 0.5560,
p = 0.0017) and left MF (r = 0.4010, p = 0.0311)
during the dual task in the NCLBP group were
positively correlated with RMDQ scores. How-
ever, there was no significant positive correla-
tion between APA delay of the bilateral TrA/IO
during the dual task with RMDQ scores. Spear-
man correlation analysis for APA latency of
bilateral trunk muscles with RMDQ score during
the dual task was showed in Supplementary
Table 2.

DISCUSSION

The study showed that cognitive load can pro-
long the latency of right MF APA activation and
change the trunk muscle APA co-activation
pattern in young people with NCLBP. The cog-
nitive load-induced APA onset delay in MF
showed a positive relationship with pain-related
dysfunction.

APA Latency Changes in a Single Task
of Postural Disturbance

The APA latency changes could be affected by
many factors such as age [32], task type [33],
and muscle fatigue [34]. Compared with

Fig. 3 Correlation of APA latency of bilateral TrA/IO
and MF with RMDQ score during the dual task. A, B, C,
and D represent the correlation of the APA latency of the
right TrA/IO, left TrA/IO, right MF, and left MF with
the RMDQ score, respectively. As shown in C and D, the
APA latency in the right MF (r = 0.5560, p = 0.0017)
and left MF (r = 0.4010, p = 0.0311) in participants with
NCLBP during dual task were positively correlated with

the RMDQ score. There was no significant positive
correlation between the APA latency of bilateral TrA/IO
during the dual task with the RMDQ score. APA
anticipatory postural adjustment, TrA/IO transverse abdo-
minis/internal oblique, MF multifidus, RMDQ
Roland–Morris Disability Questionnaire, NCLBP non-
specific chronic lower back pain
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healthy young people, the muscle APA activa-
tion and displacement of pressure center were
significantly delayed in elderly people when
performing the object push task [35]. For the
elderly population, the activations of the rectus
femoris, semitendinosus and soleus and the
displacement of pressure center were also sig-
nificantly delayed in patients with low back
pain compared to the healthy participants
when performing arm lifting task [32]. How-
ever, there were no significant changes in APA
latencies of the TrA/IO, external oblique, rectus
abdominis, MF, or erector spinae between
young participants with NCLBP and the mat-
ched healthy participants when perform ball
catching task with or without eyes open [36].
Therefore, young people with NCLBP may show
no significant differences in trunk muscle APA
latency when performing single task of postural
disturbance compared with healthy partici-
pants. In this study, we also found no signifi-
cant differences between bilateral APA latencies
of the trunk muscles in young patients with
NCLBP and young healthy participants when
performing a single task of rapid arm-raising
task. Meanwhile, no significant differences were
found between the APA latency of the right and
left trunk muscles in young patients with
NCLBP or young healthy participants when
performing a rapid arm-raising task.

APA Latency Changes in Dual Task
of Postural Disturbance with Cognitive
Load

In recent years, researchers have gradually real-
ized the important role of cognitive load in
postural control. The ‘‘U-shaped’’ relationship
[37], limited resource hypothesis [38], and task
prioritization model [39] have received exten-
sive attention in understanding the interaction
mechanism between cognitive load and postu-
ral control. To date, there has been no con-
vincing model to explain the effect and
mechanism of cognitive load on postural con-
trol. Several studies found that cognitive load
could have an impact on altered postural con-
trol in people with NCLBP, which may be linked
to the risk of falls [40] and trunk coordination

[41]. However, the effect of cognitive load on
the APA latency of trunk muscles in patients has
rarely been reported.

For healthy people, it has been reported that
during the task of bilateral hands receiving a
sudden dropped ball as an external postural
interference, different levels of cognitive load
(minus 3 calculation task, time-limited minus 3
calculation task) showed no significant effect on
the APA latency of the erector spinae or biceps
brachii [42]. Similarly, we found that visual
conflict cognitive load did not have a significant
effect on APA latency in the TrA/IO or MF in
healthy participants. Considering the ‘‘U-
shaped’’ model relationship, the results may be
related to the fact that the cognitive load diffi-
culty applied in our study was not strong
enough to affect APA latency in healthy
participants.

For patients with low back pain, study has
shown later activation of the tibialis anterior
muscle (agonist) and earlier activation of the
gastrocnemius muscle (antagonist) in people
with NCLBP under dual tasks (postural inter-
ference task combined with back digit span
task) than in healthy participants [17]. Besides,
people with chronic low back pain showed less
trunk flexibility when facing posture distur-
bance combined with cognitive load than that
under the condition only facing a single task of
posture disturbance [43]. Cognitive load could
increase the Stroop reaction time and affect the
initial velocity adaptation in patients with low
back pain when facing posture disturbance
[44].When faced with posture disturbance,
patients with NCLBP were more likely to show
delayed APA activation in trunk muscle[12].
However, whether cognitive load could induce
trunk muscle APA latency change in patients
with NCLBP is seldom reported. Previous study
has reported that cognitive load could induce
longer interval to peak force at the stepping
preparation phase [45]. In this study, we found
that participants with NCLBP showed APA
latency delay in the right MF compared with
healthy participants under cognitive load com-
bined with a postural control task. Furthermore,
participants with NCLBP showed later APA
activation in the right MF and TrA/IO than on
the left side while performing the rapid arm-
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raising task combined with cognitive load. The
results suggested that cognitive load could
induce the APA co-activation pattern change in
bilateral TrA/IO and MF. In addition, we found
there were no statistical difference in APA
latencies of left-sided trunk muscles between
NCLBP and HCs with or without cognitive load.
Since previous studies have found ipsilateral
inhibition of trunk muscle APA onset during
arm-raising tasks [46, 47], which may have
contributed to the inconsistent onset of the left
and right trunk muscles in this study.

APA latency and daily functional changes

Abnormal trunk neuromuscular control alter-
ations, such as decreased muscular endurance,
muscle strength, and lumbar proprioception,
are positively correlated with pain severity and
pain-related dysfunction in patients with
NCLBP [48]. APA, an important strategy of
posture control, have also been reported to be
related with the development of non-specific
chronic low pain [49, 50]. It has been demon-
strated that an increasing delay in the latency of
external oblique muscle activation is accompa-
nied by an increased Oswestry Disability Index
score in patients with chronic low back pain,
which occurs when performing a rapid arm-
raising task [51]. Pain-related disabilities in
patients with NCLBP may be related to APA
under endogenous and exogenous postural
disturbances [52]. All these studies suggest that
dysregulated APA onset in trunk muscles may
be associated with pain-related dysfunction, but
the relationship remains unclear. In this study,
we found that young people with NCLBP
showed abnormal changes in APA latency of the
MF and TrA/IO when performing rapid arm
raises combined with cognitive load posture
interference, and there was a positive correla-
tion between these delays in cognitive load-in-
duced APA onset of MF and pain-related
dysfunction. All these findings further con-
tribute to the pivotal role of the MF in lumbar
spine stability and its close relationship with
functional change in low back pain [53–55].
This study suggests that young people with
NCLBP in a complex environment may be more

vulnerable to APA onset delay in deep lumbar
muscles in daily life, which may be one of the
reasons for self-reported pain-related dysfunc-
tion in daily life.

This study has some limitations. Firstly,
motor-related cortex functional changes may be
the central mechanism of APA changes in
chronic low back pain [56, 57]. Future studies
should apply approaches to explore functional
changes in the central nervous system. Sec-
ondly, the effects of cognitive loads with dif-
ferent difficulty levels on APA in people with
NCLBP should be investigated in future studies,
which would provide an experimental basis for
understanding the interaction between differ-
ent levels of cognitive load on APA in people
with NCLBP. Finally, this study did not further
explore whether improving APA onset under
cognitive load could be beneficial for the dys-
function of chronic low back pain.

CONCLUSIONS

This study shows that cognitive load could
induce right MF APA onset delay and bilateral
trunk muscle APA co-activation pattern change
in participants with NCLBP. The MF APA onset
delay induced by cognitive load is closely rela-
ted to pain-related dysfunction. Further
research to explore the approach to improve
trunk muscle APA latency under cognitive load
and its therapeutic effects on pain-related dys-
function in NCLBP is worthwhile.
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