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Abstract: Low back pain is a major global public health problem, but the current intervention effect is not ideal. A large body of
previous literature suggests that patients with chronic low back pain may have abnormal postural control, which is more evident in the
dual task situation. In recent years, research on postural control in patients with low back pain under dual-task conditions has gradually
become a hot topic. However, the results obtained from these studies were not entirely consistent. In this review, we summarized
relevant studies on the performance of postural control in patients with low back pain under dual-task conditions, analyze it from the
perspective of the theoretical model of dual-task interaction, the specific research paradigm of dual task, the performance of postural
control, and the related factors affecting postural control performance, etc. It was reasonable to assume that patients with low back pain
might have a certain degree of abnormal postural control, and this abnormality was affected by comprehensive factors such as age,
cognitive resource capacity, attention needs, complex sensorimotor integration, external environment, etc. Furthermore, postural
control performance in low back pain patients under dual-task conditions was further influenced by the nature and complexity of
the different tasks. In general, the more attention resources were needed, the external environmental conditions were worse, and the
age-related functions were degenerate, etc., the weaker posture control ability was. In short, a deeper understanding of postural control
in patients with low back pain under dual-task conditions may shed light on more references for the rehabilitation and management of
low back pain, as well as some new ideas for scientific research on cognition and postural control.
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Introduction

Low back pain (LBP) is the second leading cause of years living with disability (YLDs) in China,' and is also an
important cause of the global disease burden.” Studies have reported that disability and economic costs caused by LBP
will increase in the coming decades.?” It is important to note that a high proportion of low back pain becomes chronic,
about 90% of which is non-specific, and the etiology of this population is usually unclear and effective treatment is
lacking.* Therefore, it deserves to pay more attention to low back pain, especially for chronic low back pain.

Postural control is the ability to control the stability and directionality of the body’s spatial position and is
fundamental to everyday activities, including motor strategies, sensory strategies, biomechanical components, cognitive
strategies, dynamic activity control, and spatial positioning.”° In addition, postural control requires varying with task and
environment.

LBP patients may suffer from certain degrees of postural control abnormalities, mainly manifested as decreased trunk
coupling ability,” impaired gait,® increased center of gravity and center of mass deviation,” prolonged or disappeared
preactivation time of postural muscles,'® proprioceptive disturbances,'’ decreased attention and executive ability,'* and
reorganized structural or functional of the central nervous system.'?

Dual task (DT) is a combination of multiple different types of tasks, which generally include cognitive and motor
tasks.'*'” It is widespread for people to perform dual task in their daily life (such as talking while walking, talking to

Journal of Pain Research 2023:16 71-82 71
Received: 10 October 2022 © 2023 Xiao et al. This work is published and licensed by Dove Medical Press Limited. The full terms of this license are available at https://www.dovepress.com/terms.php
AT 2nd incorporate the Creative Commons Attribution — Non Commercial (unported, v3.0) License (http://creativecommons.org/licenses/by-nc/3.0/). By accessing the work

Accepted: 20 December 2022
Published: 10 January 2023

you hereby accept the Terms. Non-commercial uses of the work are permitted without any further permission from Dove Medical Press Limited, provided the work is properly attributed. For
permission for commercial use of this work, please see paragraphs 4.2 and 5 of our Terms (https://www.dovepress.com/terms.php).


http://orcid.org/0000-0002-6324-1587
http://orcid.org/0000-0001-7903-2985
http://orcid.org/0000-0001-6798-7573
http://orcid.org/0000-0002-8387-3354
http://orcid.org/0000-0002-3396-2041
http://orcid.org/0000-0002-8071-9298
http://www.dovepress.com/permissions.php
https://www.dovepress.com/terms.php
http://creativecommons.org/licenses/by-nc/3.0/
https://www.dovepress.com/terms.php
https://www.dovepress.com

Xiao et al Dove

people while carrying a water cup upstairs, etc.). Dual-task training (DTT) is based on the dual-task examination and
evaluation of the subjects to determine the specific dysfunction and then adopt targeted training treatment methods. Early
dual-task studies of neurological diseases such as stroke, Parkinson’s diseases and Alzheimer’s diseases have shown that
postural control requires cognitive attention needs.'®'” In recent years, the research on dual task in the field of postural
control in patients with low back pain has also attracted the attention of scholars.?’

By reviewing the research reports on postural control of patients with low back pain under dual-task conditions, we
refined and summarized the important views and research results from the dual-task theoretical basis, research paradigms,
postural control performance, and the factors that affect performance, etc. To summarize, we aimed to provide some new

ideas for postural control research on low back pain.

Theoretical Model of Dual-Task Interaction
It is a common phenomenon that there is often a decline trend in performance for one or two tasks when performing a
dual task. To explain this appearance of task performance decline after being disturbed, scholars have carried out a series
of explorations to form the following three relatively accepted theoretical models, namely, the cross-domain competition
model, the U-shaped nonlinear interaction model and the task prioritization model.>®

The cross-domain competition model believes that the total cognitive resources of the human body have a certain
limit. When more than one task is completed at a certain time, postural control and cognitive activities will compete for
attentional resources, and the capacity assigned to each task will become smaller, then the performance of completing the
task will decrease. After increasing the cognitive load in the case of external disturbance, Jarrett P et al found that the
additional cognitive load led to delay muscle activation responses and subsequently greater intersegmental lumbar spine
flexion in response to a sudden loading perturbation.”* Ge L et al observed the different levels of cognitive load of older
women with low back pain under different postural conditions and found that cognition was involved in the postural
regulation, and cognitive load showed more disturbing effects on postural control in older women with low back pain,
which was associated with falling.”> These studies suggested that cognitive tasks engage in competition for attention
resources, and that loading cognitive load results in decreased performance on postural control.

Notably, some scholars have found that performing secondary cognitive tasks does not always have a detrimental
effect on postural control. For example, using a modified Stroop color test to observe the effect of attentional demand on

trunk muscle postural activation, Moseley et al*®

found that postural activation of deep trunk muscles was not affected in
tasks with lower attentional demands. However, Van et al*’ found that a dual task with cognitive load reduced postural
sway in patients with non-specific chronic low back pain (NCLBP). Vuillerme N et al*® also reported that visual-auditory
stimulation and language task seems to improve postural stability in healthy young participants. In addition, by giving

subjects different levels of cognitive load during standing, Huxhold et al*’

found that the range of postural sway was
smaller and the postural was more stable at low levels of the cognitive tasks. These studies revealed that postural stability
would be improved when subtask cognitive demand is low, the reason may be that low cognitive demand could divert
attention from postural control and increase the automation of postural processing to improve stability. Interestingly,
Huxhold’s study also demonstrated that postural swing increased as the difficulty of cognitive task increased.”” Similar
conclusions have been obtained by Legrand A*® and Rowley KM’s®! research. To explain this phenomenon, Lacour M
proposed the concept of the U-shaped nonlinear model,> deemed that the improvement or decrease of postural control
performance depends on the level of cognitive task demand, and when cognitive tasks require higher attention resources,
the performance of postural control decreased, and vice versa.

As early as 1997, “the Lancet” reported that “stopping walking while talking can be used as a predictor of falls in the
elderly”.* In addition, BrownL A et al** also detected that in the presence of increased postural threat, the elderly were
more likely to prioritize the postural control task over the cognitive task, which also reflects the posture-first strategy.
Note-worthily, inconsistent with this view, a previous review revealed that the postural strategy typically adopted by
people with Parkinson’s disease in their daily lives was that “task-first, postural second”, which increases the risk of falls
in dual-task situations.’® These studies have shown that performing two tasks that requires attentional resources at the
same time not only causes competition for attentional resources but also challenges the brain’s prioritization of the two

tasks, a phenomenon that scholars define as the task-prioritization model.”?
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It is worth noting that the U-shaped nonlinear interaction model and the cross-domain competition model are not
contradictory. In all, when the attention resources required by the task do not exceed the total resource capacity, the
cognitive task will be conducive to postural control, while when the attention resources required by the task increase and
exceed the resource capacity, the cognitive task would be decreased with the performance of postural control due to the
competition of attention resources. Moreover, the task prioritization model assumed that postural control and cognitive
tasks interact with each other, and the changes were due to individual changes in attention allocation strategies, rather
than resource competition or decreased attention capacity.

The Specific Implementation of the Dual Task in the Study of Low Back
Pain

Patients with low back pain may have some degree of abnormal postural control, but most studies have been conducted
under single-task conditions without cognitive load. In daily work, the postural environment is always complex and
cognitive tasks diverse, so it is very essential to conduct postural control research under dual-task conditions with
cognitive load.

By reviewing dual task studies related to low back pain, the detailed standards were as follows. A search was
conducted in “Pubmed, Web of science, and Embase” databases, using the keywords of “dual task” and “low back pain”
with “AND” character concatenation, and excluding the review or case report types of studies, experimental studies were
selected for analysis and summarization. The characteristics of these studies are as follows. First, all studies were
conducted with the cognitive-motor dual-task paradigm (only one piece of literature included both motor-motor and
cognitive-motor dual-task paradigms in the intervention paradigm).?’ Among them, the motor task is mostly about
standing/sitting posture and walking under different conditions, while cognitive tasks involve reaction time, numerical
calculation, working memory, and language fluency tasks. Second, most of the research were done in the past 5 years,
especially in the past 3 years, indicating that dual-task research is relatively new in the field of low back pain research.
Third, the research subjects were mainly young and middle-aged patients with chronic low back pain.?!-%2%:27:3135739 1
addition, most of the research were observational study, only one piece of literature was a randomized controlled study.*’
Moreover, there is only one piece of literature on the performance of patients with low back pain under dual-task
conditions after dual-task training.*® Last, the observation and measurement indicators are mostly focused on peripheral
behavioral performance, only one piece of literature involves the research of the central nervous system,*® and there is
also a lack of combined research on the relationship between pain and psychology.*' For a summary of the above-related
studies, see Table 1 for details.

Postural Control Performance of Patients with Low Back Pain Under Dual-
Task Conditions

Regarding the research on postural control of patients with low back pain under dual-task conditions, in terms of task
performance, the results were not uniform. Ladan Hemmati et al>> deemed that patients with nonspecific low back pain

require attention resources for postural control recovery after external disturbances, which may increase the risk of injury

120

when performing high-attention cognitive tasks. Compared with single-task, Hamacher D et al™ found that patients with

chronic low back pain had greater variability in stride length and stride time under dual-task conditions. Shih HS et al*’
performed a numerical calculation task while walking in patients with recurrent low back pain, and observed arithmetic
performance, walking performance, and trunk coordination; they found that the variability increased under dual-task
conditions. In addition, using the dual-task to explore the cognitive load on postural control in older women with low

back pain, Ge L et al®

found that despite the difficulty level of the cognitive tasks being very low, the patients’ center of
pressure and other parameters also changed more. Moreover, the research of Peters ML*' and Mazaheri M* also obtained
similar results that was under the dual-task condition with cognitive demands, the postural control ability of patients with
low back pain deteriorated, and the difference was more pronounced under the condition of high cognitive load.
Contrary to the above findings, some scholars regarded that cognitive load could enhance the postural control

131

performance of patients with low back pain. For instance, one study conducted by Rowley KM et al> demonstrated
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Table | The Summary of Research on the Application of Dual Task in Low Back Pain

year; 22 cases of HC, age range 19—40 years.

eyes-closed, and foam-surface eyes-closed) in
isolation or concurrently with an easy or

difficult digits backward cognitive task

References General Information Observation Indicators Intervention Paradigm Results and Conclusions
Hemmati L 40 patients (age range 18-50 years) with Static (One Leg Stance) and Single task (balance only), dual cognitive task The static and dynamic balance performance
et al 2017 NCLBP for at least 3 months and 40 healthy dynamic (Modified Star (balance and counting numbers backward), and | under dual task conditions was impaired in each
participants. Excursion Balance Test, 10-m dual manual task (balance and carrying a cup of | group. Dual tasking did not differ between
walk test, and Timed Up and water). NCLBP with low level of pain and disability
Go) balance tests compared with healthy participants.
Karimi GAS 30 cases of NCLBP (age range 18-55 years), Range sideways, range fore-aft, With and without vibration, eyes-open and The mean velocity measure seems to be the
et al 202122 disease duration greater than 3 months, etc. mean velocity and area variables, | eyes-closed, and with and without auditory most reliable variable of postural control
reaction time and error ratio. Stroop test
Ge L etal 20 cases of LBP, female, age 2 60 years, disease | COP parameters(sway area/ The balance test included three levels of Compared with control group, cognitive loads
2021% duration greater than 3 months; 20 cases of sway length) difficulties of posture tasks (eyes-open vs eyes- | showed more disturbing effects on postural
HC, age = 60 years closed vs one-leg stance), three cognitive tasks | control in older women with LBP
(without cognitive task vs auditory arithmetic
task vs serial-7 s arithmetic).
Van DaeleU 21 cases of NCLBP, age range 18-55 years, Both postural sway and trunk Combinations of tasks under different In NCLBP patients, a cognitive dual-task
etal 20107 persistent low back pain at least for 3 months; | stiffness conditions (unstable sitting, two-legged / one- reduces both postural sway and trunk stiffness
21 cases of HC, age range 18-55 years) legged + reverse counting). due to the distracting effect of the dual-task.
This effect is only visible when the balance task
is difficult.
Rowley KM Persons with and without rLBP (n = 19/group). | Trunk coupling and task Performed the Balance-Dexterity Task, which Cognitive task error variability decreased with
et al 2020°' rLBP must have had at least two episodes of performance. involved single-limb balance while compressing | a switch from a single- to dual-task condition,
pain per year for at least | year, but an unstable spring with the other limb, with and | exposing an unexpected facilitation effect.
experienced pain less than half of the days in without a cognitive task engaging verbal
the previous 6 months, VAS<I.5 at the time of working memory.
testing and for the preceding 7 days.
Hemmati L 27 cases of NCLBP, age range 18-55 years, Onset latency and integrated Dual task (postural recovery and backward The impaired ankle muscle activities during a
et al 2018%* persistent low back pain at least for 3 months; | electromyographic activity of the | digit span memory) and single task conditions cognitive task suggest that postural control
25 cases of HC, age range 18-55 years) trunk and leg muscles (postural recovery only). recovery following external perturbation
requires attentional resources in patients with
NCLBP.
Salavati M 22 cases of nonspecific LBP, age range 1943 Center of pressure parameters Performed quiet standing task with 3 levels of | The dual-tasking did not change the postural
et al 2009 years, persistent low back pain at least for | difficulty (rigid-surface eyes open, rigid-surface | performance of nonspecific LBP subjects with

low level of pain and disability differently
compared to healthy subjects.
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ShanbehzahS
et al 2021%7

Sherafat S
et al 2014°8

Shih HS et al
2021%°

Schega L et al
2021%

Peters ML
et al 2002

38 patients with NCLBP (19 with low and 19
with high pain-related anxiety levels) and 20

asymptomatic subjects participated

15 cases of rLBP, persistent low back pain at

least for | year;

20 cases of rLBP, age range 1845 years,
persistent low back pain at least for 6 months;

20 cases of HC, age range 1845 years)

84 cases of CLBP, randomly divided into
control group and observation group, age > 50
years, average NRS 2 4 points in the past 4

weeks

36 cases of CLBP, 18 cases of high or low level
of pain related fear, 16 males and 20 females; 18

cases of HC, 8 males and 10 females.

Center of pressure (COP),
average reaction time and error

ratio of auditory Stroop test

Anterior-posterior, medial-
lateral, average reaction time

and error ratio, etc.

Single-task performance, dual-
task effect, dual-task
performance variability, task
prioritization switch, and trunk

coordination

Timed Up-and-Go Test, gait
variability and haemodynamic

response, etc.

Kinesiology, pain psychology and
other related indicators (PCS,
TSK (Tampa Scale of
Kinesiophobia), RDQ, etc.) and

auditory reaction time

Postural task was assessed during four
conditions (eyes open with and without ankle
vibration-eyes closed with and without ankle
vibrations). Participants performed the postural
task with or without auditory Stroop task.
Bilateral stance was investigated at 3 levels of
postural task difficulty (different platform
stabilities levels with eyes open and closed) and
2 levels of cognitive task difficulty (with or
without auditory Stroop test).

Participants simultaneously performed a
narrow step width matching task and an
arithmetic task, with and without instructions

to prioritize either task.

Measures will be taken at baseline, after the
intervention and at a |2-week follow-up. It is
assumed that MultiMove improves the

mentioned outcome parameters.

Single task:participants had to perform the
auditory task while ignoring the electrical
stimuli. Dual task:participants had to respond
both to tones as well as to detection of

electrical stimuli.

Pain-related anxiety may influence the postural
cognitive interactions in NCLBP patients.
Furthermore, it may be considered as a
contributing factor for postural strategies
adopted by NCLBP patients.

Postural task performance is attenuated by
cognitive loading at a moderate level of postural
task difficulty.

Compared to the control group, individuals
with rLBP exhibited a less in-phase, more
pelvis-dominated trunk coordination during
narrow-based walking, independent of pain
status and regardless of attentional
manipulations.

The combined assessment of changes in
physical and cognitive functions as well as
neuropsychological aspects in response to
MultiMove will allow a better understanding of
the motor-cognitive adaptations induced by
multimodal exercises in CLBP patients.
Patients with elevated levels of pain-related fear
habitually attend to somatic sensations, giving
less priority to other attention-demanding
tasks.

Abbreviations: NCLBP, non-specific chronic low back pain; rLBP, recurrent low back pain.
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that low attention loads interfered with memory-of-pain related conscious processing of postural and resulted in
improved trunk coupling when the dual-task was added, compared to the single-task condition; another study performed
by Van Daele U at al*’ found that reverse counting cognitive load reduced postural sway and trunk stiffness in patients
with non-specific low back pain, and increased postural control ability. In addition, Salavati M et al*® also suggested that
the degree of postural sway in patients with non-specific low back pain decreased with the increasing of cognitive load.
The reasons for these contrary results may be as follows: Firstly, cognitive load distracts attention, reduces pain recall,
and increases the ability of automatically adjust posture, which makes the area, amplitude of posture swing, and trunk
coordination become well. Secondly, these studies have relatively strict admission standards, and the cognitive function
of the study population was relatively high. The attentional resources required for the intervention in the study may not
exceed the total attentional resource capacity of the subjects. Alternatively, subjects may also adopt the “postural-first”
strategy. Thirdly, postural stability increases or decreases also depending on the complexity of the secondary cognitive
tasks, the postural stability could increase in the case of the less complex cognitive tasks and fewer resources required,
precisely, the cognitive tasks in these studies were not of high complexity. Fourth, the differences in outcomes might also
be due to differences in study populations, types of dual-task interventions, and assessment methods. In addition, low
back pain was a typical chronic disease with low-level dysfunction, patients could still compensate through redundant
postural control regardless of whether cognitive load affected daily living functions to a great extent or not. Moreover,
the researcher of Sherafat S deemed that the influence of cognitive load and postural control were bidirectional, which
was, the performance of postural control was not only affected by cognitive load but also affected the performance of the
cognitive tasks to a certain extent.”®

In addition, there was only one piece of literature on dual-task training in low back pain: this prospective, dual-arm,
single-blind, randomized controlled study that integrated cognitive and motor components in a multimodal treatment of
chronic low back pain patients. By observing the indicators of physical function, cognitive function, and neuropsychol-
ogy, the author regarded that multimodal training might contribute to some extent to improve the physical and
physiological functions of patients with low back pain. It was worth noting that this study not only reflects the dual-
task training mode, but also uses the functional near-infrared to observe the hemodynamic changes of the prefrontal
cortex, explores brain plasticity from a central perspective, and observes from a social psychological perspective.*’ Based
on the rehabilitation discipline, multimodal intervention for diseases under the “peripheral-central-peripheral” closed-
loop rehabilitation network was advocated, and patients’ social and psychological functions are actively concerned. The
research methods and treatment schemes included in this study could reflect these advantages and were worthy of
reference. On all account details, it is reasonable to expect the results reported of this prospective study.

The former related studies have shown that, compared with single task, under the condition of dual-task with
cognitive load, the performance of postural control might change to a certain extent, and the improvement or decline
of postural control performance depends on the level of attentional resources required by the cognitive tasks. At the same
time, postural control also has a certain impact on cognitive performance.

Factors Affecting Postural Control in Patients with Low Back Pain Under
Dual-Task Condition

Studies using a dual-task interference paradigm on postural control in patients with low back pain have yielded mixed
results, and the reasons for these differences in performance may be as follows.

From the perspective of sensory strategies, when the proprioceptive information from the ankle is reliable (such as on
the solid plane), people tend to use the ankle strategy to maintain postural stability, and when the information from the
ankle is unreliable (such as on the foam surface), people use more back muscle information strategies to control posture
balance and stability. Because patients with low back pain may have a certain degree of decrease or loss of back

proprioceptive sensation,****

the reliability of low back sensory information decreases, which leads to poor performance
of postural control. The sense of visual, vestibular, and auditory are also important components of sensory information.
When this input information is insufficient, it will inevitably cause adverse effects on postural control.* In addition,

Mohammadi M et al*® also suggested that postural compensation in patients with chronic low back pain relies on the

76 https: Journal of Pain Research 2023:16

Dove!


https://www.dovepress.com
https://www.dovepress.com

Dove Xiao et al

proprioceptive system. Through dual-task studies under different sensory information input conditions, Salavati M’s
study,® Ulrike Van Daele’s study,”” Hemmati L’s study,> et al found that the less the sensory information, the worse the
postural control ability of patients with low back pain. The above studies implied that sensory information was an
important factor affecting postural control in patients with low back pain, and postural control was more significantly
affected by the condition of multi-sensory conflict and cognitive load.

From the perspective of cognitive strategy, a study in which subjects received water from a bucket in a standing
condition (water dropped with and without cueing)*’ found that when the load was cued, the subjects’ deep multifidus
muscle was preactivated at 140—-30ms before loading, followed by a quiet period, and another activation period appeared
at 50-90ms after loading. When the load was not cued, there was no preactivation, indicating that postural control
requires cognitive involvement. A systematic review and meta-analysis classified cognitive tasks into five categories,
which contains reaction time tasks, discrimination and decision-making tasks, mental tracking tasks, working memory
tasks, and verbal fluency tasks.*® Different types of cognitive tasks also have different effects on postural control.
Cognitive demands affect the performance of postural control, and when sub-task cognitive demands are high, postural
control would be adversely affected by the competition of attentional resources between cognitive and sensorimotor
processing. Some scholars reached a consensus that postural control depends on the difficulty of cognitive and motor
tasks, and cognitive load presents a bidirectional regulation of postural control. This low cognitive load may promote
postural control, but with the increase of cognitive load and resource competition, postural control becomes worse.>*%>°
The reason for this phenomenon is not difficult to explain by the U-shaped theoretical model mentioned above.
Additionally, a study using motion capture to quantify individuals’ step length and width, trunk-pelvis and hip excursion,
inter-segmental coordination, and stride-to-stride variability found that switching attention resources during gait affected
patients’ changes in stride variability, hip axial and sagittal motion.”' From a therapeutic perspective, Paolucci T et al>>
found that intensive cognitive rehabilitation training could improve trunk coordinate and postural stability and reduce
pain symptoms in patients with low back pain. In this sense it is pertinent to note that, cognitive strategy is a factor that
affects postural control of patients with low back pain. Notably, by performing a backward numerical task of varying
difficulty under rigid surface eyes-open/closed and foam-surface eyes-closed conditions, compared with healthy subject,
Salavati M*° found that patients with non-specific low back pain had less postural sway, while postural sway decreased
with increase in the level of cognitive load. The reason for this discrepant result, which was contrary to most studies,
might be as follows: firstly, “Postural priority” and attention resources release during postural control; secondly, related to
the difficulty level of the cognitive tasks; thirdly, it might be related to the age and health status of the research subjects.
Notability, based on the interaction between pain and cognition, long-term pain would be accompanied by cognitive
impairments such as attention, reaction speed, and executive function.’*>* For patients with low back pain, pain may
interfere with cognition, leading to insufficient attention resources, resulting in decreased postural control and poor motor
performance.

Noteworthy, some people develop low back pain while standing for prolonged periods, while others do not, possibly
due to the use of different motor control strategies during standing.’® By reducing the stability of the standing platform,
EhsaniF et al’® found that the core posture muscles (transverse abdominal muscle, internal oblique muscle, etc. measured
by ultrasound) increased in both low back pain and healthy people, and the deeper the activation was, the greater the
activation was. Furthermore, the external disturbance reduced the balance, changed motion control, and impaired posture
control. A study by Rowley et al*' also found that the trunk kinematics of patients with low back pain changed under
cognitive dual-task conditions, believed that trunk motor control (trunk coupling, dexterity, trunk fatigue, etc.) was an
important factor affecting postural control, and was affected by cognitive, pain psychology, sensation and other factors.
However, little is known about the interaction between pain, cognitive, and postural control, and some scholars have
explored this issue to some extent. For instance, based on postural control in patients with low back pain of varying
degrees of pain, T Sipko et al found that patients with high pain relied more on visual input on hard surface than those
with low pain, and that balance control required more investment of cognitive resource when increasing the difficulty of
the plantar support surface.’’ In terms of postural control (sit-to-stand strategy), T Sipko et al also found that patients
with high chronic low back pain used compensatory motor strategies and presented avoidance behaviors when perform-
ing sit-to-stand maneuvers, compared to low pain patients.’® Indeed, considering that pain requires attention resources, T
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Sipko et al deemed that chronic low back pain patients had simply no available attention resources, which could back up
more conscious and less automatic control of posture, and found that possible benefits of proprioceptive neuromuscular
facilitation exercise for pain and postural control in chronic low back pain patients.”® Another study also showed that
pain catastrophizing may affect postural control and should be considered when interpreting postural control and
managing low back pain.® Considering these interesting findings, it is reasonable to believe that chronic pain impairs
postural control to some extent and is influenced by cognitive function. In addition, patients with low back pain often
suffer from motor control impairment due to more obvious activation of superficial trunk muscles,’® decreased proximal
joint torque and increased trunk stiffness,’’ delayed response of postural muscles,®” and back muscle fatigue.*® In
addition, the motor control and related postural adjustments were synchronous processes and depend on several
mechanical conditions (movement speed, perturbation symmetry, structural stability and integrity), sensory conditions
(eyes open or closed, foam and rigid support), behavior conditions (self-rhythm, command, feedback) and cognitive
conditions (speed of reaction, executive function, etc.).**> In short, different motor strategies under dual-task conditions
were important factors affecting human postural control and were affected by sensory, cognitive, pain intensity,
environmental and other comprehensive factors.

It is widely recognized that the impairment of postural control in the elderly may be related to the decline of
sensorimotor function, neuromuscular control, and central decision-making ability. Some scholars have analyzed the
factor of age to explore the performance of postural control in patients with low back pain of different ages, ie, Silva RA
et al°® compared postural control during one leg stance in subjects with and without chronic low back pain, the results
showed that chronic low back pain affected balance in both young and old, and the balance was worse in elderly patients,

while another study by Silva RA et al®’

showed that elderly patients with low back pain exhibited lower trunk activation
during a one-leg stance balance task. By studying the back proprioception in young and middle-aged patients with low
back pain, Pinto SM et al®® found that the central and peripheral processing of proprioceptive signals in the lumbar spine
had age-related deterioration. Through these studies, it is not difficult to deduce that age is an important factor affecting
postural control in patients with low back pain. However, these studies were mostly conducted under single-task
condition, considering the total capacity of attentional resources decreased in the elderly, it was more difficult to transfer
attention between dual-task, increased attentional resource demands related to postural control, either resource allocated
barriers, or decreased dynamic activity control and spatial orientation, or a combination of these factors. It is reasonable
to speculate that age has a certain impact on postural control under dual-task conditions. Unfortunately, there was no
research report on age-related postural control of low back pain under dual-task conditions.

A large amount of low back pain patients needs to be involved in work or community life. The variety and complexity
of living and working environment may also affect the patient’s postural control. A study examined how postural sway
measured using central of pressure and trunk acceleration parameters is influenced by the aquatic environment along with
the effects of visual information, found that the aquatic environment increases postural instability, and the mean velocity
or area were more significantly affected when individuals stood with eyes closed in the aquatic environment.®® Another
study of genetic and environmental effects on lumbar posture, flexibility, and motion control in healthy adults suggested
that lumbar motion control might be more influenced by environmental factors.”® In addition, Helmich I et al’' also
showed that altered environments could increase the attention-demanding processes during postural control in individuals
with persistent post-concussion symptoms. The above studies have shown the effect of environmental conditions on
postural control, but to the best of our knowledge, single/dual-task studies on low back pain were mostly conducted
under changing support conditions (rigid/foam, wide/narrow) or visual environment (eyes open/closed), and there was no
research under changing conditions of the actual environment.

In addition, factors such as the placement of attention points, individual professional skills, and biomechanical
components could also affect postural control performance under dual-task conditions. For example, performing word
memory tasks in different standing conditions, compared to non-dancers, Stins JF et al found that the level of
automaticity was already reached maximal in professional dancers standing with eyes open, and that adding an
attention-shifting task did not lead to a further increase in postural automaticity. And arguing that the degree of

attentional involvement in postural control is a process that varies along an automatic continuum, influenced by factors
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such as relatively stable subject characteristics (expertise) and attentional demands of the task at hand.”? But unfortu-
nately, there are still no reports on these aspects of patients with low back pain.

Summary and Outlook

Postural stability is an important part of the process of body motion control and coordination, which is affected by age,
the capacity of cognitive resources, attention needs, complex sensorimotor integration, external environment, and other
comprehensive factors. Moreover, the performance of postural control under dual-task condition is further affected by the
nature and complexity of different tasks. It can be roughly summarized as follows: more attention resources are required,
the external environmental conditions are worse, the age-related functional deterioration, etc., the postural control ability
is weaker.

Currently, there are limited reports on postural control in low back pain under dual-task conditions, and little is known
about the impact of cognitive on postural control. In the sense of this sight, we regard that more in-depth research is
needed in the following areas. Firstly, at present, most postural control studies on low back pain are conducted under
single-task conditions, and further research on dual-task assessment and treatment that is closer to real life and
environment needs to be carried out. Such as how the postural control strategies of people with low back pain differ
from those of healthy people during “sitting to standing” or “squatting to standing” activities, which are common daily
postural transitions, or even how their postural control strategies change when performing cognitive dual-task in these
conditions, are interactive and complex postural control strategies that deserve further exploration. Secondly, the results
of postural control research in patients with low back pain under dual-task conditions are not completely consistent, and
the relevant theoretical models still need further experiment verification, which can integrate the “central effect model”,
neurophysiology and social psychological mechanism of postural control, and deeply explore the neural mechanism of
postural control and the theory of “physiology-psycho-sociology”. Thirdly, considering the complex relationship between
pain, cognition and postural control, different levels of chronic pain have different effects on both cognition and postural
control, and how to unravel the complex relationship between them is an element that requires special attention, and this
work is particularly valuable for researchers working on postural control of chronic low back pain. Fourthly, the current
studies mostly contain small samples, and there is a lack of comparative research on different age groups, different
external environments, different task nature and attention needs, which can be studied deeply in the future. The fifth, the
therapeutic research on dual-task training for low back pain is extremely lacking. Studies on postural control after
targeted dual-task training intervention would be conducted to further explore the long-term or short-term benefits and
duration of benefits, which is especially suitable for the management and treatment of non-specific low back pain. In
addition, the abnormal posture control of elderly patients with low back pain is more obvious, and age-related cognitive
function decline. However, there is a relative lack of research on cognitive postural control in elderly patients with low
back pain. In the context of an increasingly aging population, it is necessary to pay more attention to elderly patients with
low back pain. Finally, postural control is the result of active control of the whole-body muscles by the central nervous
system based on muscle proprioceptive, visual and vestibular information under various complex tasks and environ-
mental conditions, which requires central and peripheral integration, involves brain activation and compensation,
integrates the cognitive-sensory-motor system, and activates peripheral muscle activation. However, most of the current
studies are related to the evaluation of peripheral kinematics and behavioral parameters, and few studies explore the
complex neural network mechanisms related to postural control under dual-task conditions from a central perspective. In
other words, combining the central image for in-depth discussion will enhance the persuasiveness of the research.
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