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Objective: The purpose of this study was to investigate the relationship between anticipatory postural adjustment (APA), single
task, dual tasks and physical performances. The trunk muscles of APA consist of bilateral erector spinae (ES) and bilateral internal
oblique (I0) adnominal muscles, during rapid stepping with the affected or unaffected leg in a sitting posture.

Design: Cross-sectional study.

Methods: In patients with chronic stroke, electrodes of surface electromyography (EMG) were attached on the bilateral erector
spinae (ES), bilateral internal oblique adnominal (I0), and bilateral rectus femoris (RF) muscles. RF acts as the prime mover. The
stroke patients performed hip flexion until 20° as fast as possible at each leg in a sitting posture according to a visual cue. The visu-
al cue unexpectedly appeared on monitor in front of the stroke patient. The single task was the Timed Up and Go (TUG) test. The
dual tasks were the TUGconitive, which increased cognitive capacity, and the TUGmanual task, which had an external focus.
Results: All EMG data showed earlier onset latency before the prime mover. In affected leg raising, the onset time of unaffected
ES muscle of the stroke patients was correlated with the single and dual tasks (p<0.05). In unaffected leg raising, the onset time of
the affected IO muscle was related to all the tasks (p<0.05). Gait speed showed a relationship with the unaffected ES muscle only.
Conclusions: The trunk muscles of the bilateral ES and bilateral 10 play an important role in APA. The single and dual tasks us-
ing TUG test were correlated with the APA s of ES and IO muscles. Dual task by the TUG test is a good measuring tool for reflect-
ing the real life in patients with chronic stroke.
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Introduction

Stroke survivors have balance deficits that increase their
risk of falling. The incidence rate of falling in patients with
chronic stroke was revealed to be between 23% and 50%
[1-3]. Furthermore, it is associated with quality of life [4].
The most common method for preventing falls is compensa-
tory balance reaction [5], which involves searching for a
new base of support through rapid stepping or grasping [6].
Stepping is a commonly used method to gain balance by uti-
lizing extremity. In particular, stroke patients prefer the use

of the less-affected limb than the affected limb for compen-
satory stepping. Rapid stepping is fundamental skill to pre-
vent falling, but a previous study showed delayed stepping
among [7].

The function of trunk muscle was to maintain posture and
enable movement of the limbs. Generally, the activity of the
trunk muscle such as the transversus abdominis (TrA), in-
ternal oblique (IO) abdominal, and rectus abdominis (RA)
muscles occur before movement of lower limb in varied di-
rections among healthy people. Spine stability is maintained
by the central nervous system (CNS) [8]. Anticipatory pos-
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tural adjustment (APA) is achieved through the muscle ac-
tivities before focal movement or perturbation, and feed-for-
ward mechanism of the CNS [9]. Trunk impairment gen-
erally accompanies stroke. A study on stroke revealed de-
layed time of muscle activity of the affected side [10]. Other
study has shown different onset latency of trunk muscles be-
tween the paretic and nonparetic sides in the sitting posture
[11]. In an asymmetrical posture, the erector spinae (ES)
muscle on the posterior trunk muscle was showed early acti-
vation before performance [12].

Many studies were conducted on APA in the sitting and
standing static posture. However, dynamic posture such as
that in walking carries a higher risk of falling than static
posture. Walking requires cognitive functions. Elderly peo-
ple showed delayed stepping in dual task [13,14]. Dual task
was more effective than single for balance training among
stroke patients [15]. Type of dual task was divided according
to different concentration. One was focused on motor func-
tion, which was considerate as the external focus. In this
task, the stroke patient walked while holding a cup using un-
affected hand. The other focus area was on cognition, in
which the task involves counting backward [16].

The purpose of the study was to investigate the APA of an-
terior and posterior trunk muscle during rapid stepping of
each leg in sitting posture and investigate their association
with various dual tasks and physical performance.

Methods
Subjects

Stroke participants at a rehabilitation hospital who under-
stood the purpose of the study were recruited. The inclusion
criteria were as follows: first stroke, at least 6 months after
stroke, Brunnstrom recovery stage 3 or 4, gait ability over
about 10 meter without assistive devices, and Korean ver-
sion of mini-mental state examination score higher than 20.
The exclusion criteria were as follows: musculoskeletal
problems, pain, and inability to raise one leg without assis-
tive devices. All of subjects signed a consent form. All study
procedures were approved by the Sahmyook University in-
stitutional review board.

Methods

The stroke survivors sat in chair without backrest main-
taining an upright posture. They flexed their hip and knee by
90° and posited their feet on the floor. A monitor was placed
in front of the subject, 1 meter away and at eye level. The

Figure 1. Visual cue in the monitor.

monitor showed a block background and unexpectedly
showed a white circle as the visual cue, which is shown
Figure 1. The subjects flexed their hip by 20° on either side
as fast as possible according to the visual cue. Measurements
were performed three times each on affected and unaffected
legs.

Electromyographic data were collected for onset latency
of the trunk muscles such as the bilateral lumbar ES, bi-
lateral 10 and bilateral rectus femoris (RF) muscles. RF was
the prime mover muscle. Bilateral surface electrodes were
used to collect data. The lumbar ES was located 3 cm lateral
to the spine, between the L3 and L4 vertebrae levels [17]. IO
was located approximately 2 cm medial and inferior to the
anterior superior iliac spine (ASIS) [18]. RF was located
halfway between ASIS and patella. Noise from electro-
myography (EMG) signals was eliminated by using a 60-Hz
notch filer. Smoothness was achieved by using a low-pass
filter. Onset latency was calculated to exceed 2 standard de-
viations (SDs) within 50 ms of baseline while maintaining
30 ms [11]. The feed-forward mechanism of each muscle
was defined by the time. It took the EMG signals to change
from before 100 ms to after 50 ms [19].

Physical performances were measured by using 10-meter
walk test (I0OMWT), Berg Balance Scale (BBS), and Time
Up and Go (TUG) test. TUG test is single task. Dural task
performance was measured during TUGmanual and
TUGcognitive tasks. The subjects perfectly executed the
TUG task with the TUGmanual task of holding a cup filled
the water. The stroke patients were asked not to spill the wa-
ter on the floor. The TUG test was completed with the
TUGcongnitive task while counting backward by threes
[16]. The stroke patients were able to perform twice count-
ing backward within TUGcognitive task. The first number
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of counting backward was randomly provided by the phys-
ical therapist. The number was provided between 80 and 99.

Data analysis

This study used PASW Statistics ver. 18.0 (IBM Co.,
Armonk, NY, USA) in the statistical analysis. Onset latency
of bilateral trunk muscles was shown as mean and SD values
by using descriptive statistics. Correlation between varia-
bles was determined by performing a Spearman correlation
analysis. The significance level was p<0.05.

Results

The stroke patients showed high BBS level (52.14
[4.30]). TUG (16.66 [7.74]) was completed faster than the
TUGecognitive task (18.27 [8.69]) and TUGmanual task
(19.24 [9.86]) Table 1. The bilateral ES and bilateral 10
trunk muscles revealed that onset latency was faster than
prime mover. The IO responded faster than the ES during af-
fected-leg raising. However, this was not the case during un-
affected-leg rasing. The affected side between ES (—0.28
[0.33]) and 1O (—0.27 [0.26]) responded faster than un-
affected side at 10 (—0.22 [0.25]) and ES (—0.01 [0.30];
Table 2).

TUG test, TUGcognitive, and TUGmanual were related
to the APA of trunk muscles. The relationship was demon-
strated at the unaffected ES during affected-leg raising. Only

the 1O of the affected side showed a relationship with per-
formance in unaffected-leg raising. The performance in the
10MWT was correlated with only ES of the unaffected side
during affected-leg raising (Table 3).

Discussion

Rapid stepping is an important strategy for recovering
balance in order to prevent falling. Stepping among stroke
patients was reportedly delayed because the decreased mus-
cle power of the affected leg compared with that of the un-
affected leg. The muscle powers of the ankle plantar-flexors
and hip flexor of affected leg during swing phase were in-
adequately because of paralysis [20].

APA provides postural control during voluntary move-
ments. It occurs before limb movement or disturbance to
maintain equilibrium [9]. APA involves basal ganglia, sup-
plementary motor area, and motor cortex. APA is achieved
through the feed-forward mechanism of the CNS [9,21].
APA is interrupted by damage to the CNS. The trunk plays
an important part in maintaining postural balance. TrA, 10
and RA muscles were activated earlier than prime mover, re-
gardless of the lower limb directions [8]. In this study, the bi-
lateral 10 muscles were activated before the prime mover,
regardless of the affected or unaffected leg. Early onset la-
tency of TrA/IO muscle appeared during shoulder ex-

Table 3. Relationship between onset latency of trunk muscles,

Table 1. General characteristics of the subjects (N=T7) dual task, and physical performances (N=T7)
Characteristic Variable Raised Raised
Gender (male/female) 5/2 affercliieg e unaffz;é)e e
MMSE-K 24.86 (2.73)
10-meter walk test 15.21 (8.63) TUG (sec) 0.829° 0.857"
Berg Balance Scale 52.14 (4.30) TUGcongnitive (sec) 0.829" 0.857°
Timed Up and Go 16.66 (7.74) TUGmanual (sec) 0.829" 0.857"
TUGcongnitive 18.27 (8.69) 10-meter walk test (sec) 0.829"

TUGmanual 19.24 (9.86)
nES: erector spinae muscle of unaffected side, alO: internal oblique

Values are presented as n or mean (SD). abdominal muscle of affected side.

MMSE-K: Korean version of mini-mental state examination. "p<0.05.

Table 2. Onset latency of trunk muscles (N=7)

Affected side Unaffected side Affected side Unaffected side
ES 10 10
Raise affected leg —0.16 (0.24) —0.10 (0.33) —0.36 (0.20) —0.22 (0.31)
Raise unaffected leg —0.28 (0.33) —0.01 (0.30) —0.27 (0.26) —0.22 (0.25)

Values are presented as mean (SD).
ES: erector spinae, 1O: internal oblique.
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tension, and all onset latencies of TrA/IO were activated in
the APA phase [18]. Symmetry stance, left asymmetry
stance, and right asymmetry stance in the early onset latency
of the ES muscle were investigated during load-release tasks
with healthy people [12]. In stroke patients, the bilateral ES
muscles provided onset latency into APA phase during
shoulder flexion in sitting posture [11]. In this study, the on-
set latency of the bilateral ES muscles was earlier than that
of the prime mover. According to affected and unaffected
leg, the arrangements of onset latency varied. However, all
data existed before onset time of prime mover. For example,
early activation of bilateral IO and ES muscles maybe serve
to recover balance during leg raising via feed-forward
mechanism.

Stroke patients have cognitive function deficit. The most
common cognitive deficit is attention. Attention deficit af-
fects the recovery of stroke patients [22]. Attention is usu-
ally required in all activities of daily living, especially in
multitasking such as walking while conversing. A previous
study was compared single and dual tasks [23]. Dual task
with cognitive task increased attention capacity during pos-
tural control. Balance was better in the dual task than in the
single task [24]. In this study, the performance time of the
cognitive dual task was longer the than that of the TUG test
alone. A dual task with an external focus is important.
External focus concentrates on movement itself to receive
information from the resulting movement [25]. Dual task
with the TUGmanual task is better measurement than the
single test in the TUG test. The TUGmanual task is a good
tool with high validity and sensitivity [16]. In this study, The
TUGmanual task took more time than the TUGcognitive
task and TUG test, although both TUGcognitive and
TUGmanual tasks were required more time. This was af-
fected by the environment of the subject in real life.

The core muscle is involved in stability and movements.
The ES and 10 muscles are core muscles. The trunk which
includes with ES and IO muscles, contributes to maintaining
posture, and leg and arm movements [26]. In addition, the
trunk plays a role in the APA. In stroke patients with trunk
impairments, the single and dual tasks with TUG were re-
lated to the APAs of ES and IO muscles. The APA of un-
affected ES and affected 10 muscles were strongly related to
the tasks. Gait speed correlated with only APA of the global
trunk muscle.

APA is important with stroke patients. While moving the
limbs, maintaining balance in a various environments is
very important. That should help to prevent a fall. In this

study, APA of trunk muscles was showed by onset latency
while stepping in stroke patients. That was correlated with
single and dual tasks. Dual task was required multitask
performance. The real life mirrors the surrounding environ-
ments. And there is mostly multitasking. Stroke patients
evaluate the ability to balance using TUG test. However,
The TUG test is single task, which does not reflect various
environments and multitasking. If you want a measure that
reflects the real life, balance evaluation with stroke patients
is advised to conduct dual task than single task. A Relation-
ship between APA of trunk muscles, TUG test, dual test, and
physical performance supports that dual task such as TUG-
cognitive and TUGmanual task is a good measurement tool.
This study includes small sample size. And there is limi-
tation of trunk muscles. That limits the generalization.
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