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Objectives. Impairment of static and dynamic posture control is common after stroke. It is found to be a predictor and an essential
component for balance, walking ability, and activities of daily living (ADL) outcomes. Studies investigating effect of physical
therapy techniques with an aim to improve trunk function after stroke are limited. (is study aimed at studying the effect of task-
specific training on trunk control and balance in patients with subacute stroke. Methods. In this randomized controlled trail,
thirty-four patients were alienated into two equal groups. (e study group (n� 17) received task-specific training, and the control
group (n� 17) received conventional physical therapy based on the neurodevelopmental technique. Task-specific training was
applied through two phases with criteria of progression based on Chedoke–McMaster Stroke Assessment postural control stages.
(e interventions were applied in a dosage of 60min per session, three times a week for ten weeks. Static and dynamic balance
were measured by the trunk impairment scale (TIS), postural assessment scale (PAS), and functional reach test (FRT). Laser-
guided digital goniometer was used to measure the trunk ranges of motions (ROM) as a secondary outcome. Results. Significant
differences between the baseline and the follow-up measures including TIS, PAS, FRT, and trunk (ROM) were found in both
groups (P≤ 0.05). In-between group comparison also showed significant differences between the results of both groups indicating
more improvements among patients representing the study group. Conclusion. Task-specific training may be effective in im-
proving the static and dynamic postural control and trunk ranges of motion among subacute stroke patients.

1. Introduction

Impaired trunk control is common among stroke survivors
[1]. Existing studies have reported many causes including
muscle weakness, spasticity, delayed activity of the trunk
muscles, perceptual deficits [2], significant error of trunk
position sense [3], inadequate center of pressure control
when sitting [4], decreased trunk performance [5], and trunk
asymmetry during gait [6]. Moreover, anticipatory control
might be disturbed in stroke patients [7]. (ese impairments
are directly related to an increased risk of fall, impaired
mobility, and participation restrictions [8]. (is also could
lead to high levels of disability and dependency in patients’
activities of daily living [8, 9].

After stroke, trunk function is found to be a predictor
and an essential component for respiratory functions, bal-
ance, walking ability, and activities of daily living (ADL)
outcomes [10–13]. So, a significant relation between bilateral
trunk muscle performance (encompassing strength, power,
and muscular endurance) and measures of balance, gait, and
functional ability after stroke has been proved. Loss of trunk
ability and paralysis of respiratory muscles decrease the lung
and chest expansion which may progress to complications
such as pneumonia [10]. Moreover, trunk performance
assessed at the admission to a rehabilitation center was the
most important predictor of functional recovery at the time
of discharge six months after stroke [14]. On admission, the
static sitting balance is the most important factor in
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predicting performance of many ADL including feeding,
transfer, personal care, toilet use, bathing, dressing, and
bowel and bladder control. (e primary contribution of the
trunk muscles is to stabilize the spine and trunk. (is sta-
bilization is conditional for free and selective movements of
the head or extremities [15].

Despite evidence showing how important is the trunk
control as a prognostic factor for decreasing activity limi-
tations and improving participation after stroke, there is a
dearth of studies on trunk control in stroke patients’ re-
habilitation and often conducted less than studies on upper
and lower extremities. Studies investigating the effect of
therapy with an aim to improve trunk function are limited,
and the results are contradicting. (e effectiveness of three
different therapy approaches (neurodevelopmental tech-
nique (NDT), specific reaching tasks, and balance training)
was compared, and the NDTmethod was reported to be the
most effective for trunk development [16]. However, Pollock
et al., reported that trunk training with the NDT has no effect
on sitting balance [17]. An audiovisual biofeedback-based
trunk stabilization training was used in training of stroke
patients with impaired sitting balance. A significant im-
provement in sitting balance was found after training for 6
weeks when compared to another group of patients who
received conventional therapy only [18]. Additionally,
practicing reaching tasks beyond arm’s length on sitting and
reaching while standing up in the chronic phase after stroke
were reported to have positive effect on the trunk control
[19]. It was also reported that participants who practiced
task-related balance training showed a significantly larger
maximum reach distance and peak vertical force through the
affected foot during standing [20].

Task-specific training is a repetitive training of func-
tional task or an element of a single functional task that is
carried out in an open environment to acquire efficient and
effective motor skills. (e task-specific training is based on
the dynamic systems theory: movement behavior is the
result of complex interactions between many different
subsystems in the body, the task at hand, and the envi-
ronment [21]. During task-specific training, many types of
movement are practiced for limiting the stereotyped
movements and increasing adaptive movements [22]. With
the task-specific training, the focus of rehabilitation is to
enhancing function across all performance domains by
emphasizing function, participation, and quality of life [23].

(is study is aimed at investigating the effect of task-
specific training on trunk control in patients with stroke.(e
novelty of this study lies in the focus on the development of
an intervention protocol based on the principles of motor
learning which would benefit patients who had experienced
stroke. In addition, we used specific, functional, and reliable
progression parameters of Chedoke–McMaster Stroke As-
sessment (CMSA) postural control stages [24] to transfer the
performer between phases of therapy.

2. Subjects and Methods

Forty-six patients with diagnosis of first-ever subacute
stroke, which resulted in hemiparesis, hemihyposthesia, and

impaired proprioception, were recruited from the outpatient
clinic of the Faculty of Physical (erapy, Cairo University.
Diagnosis was confirmed based on CTor MRI findings, and
the patients were referred to the clinic by a physician.(irty-
four patients (14 females and 20 males) were eligible to
participate in the study based on the following criteria: able
to give informed consent; medically stable; sit without
holding on (stage 2 postural control of CMSA); stand in-
dependently for at least one minute; and be able to flex the
nonparetic shoulder to at least 90 degrees without holding
on to be able to facilitate static righting. Patients were ex-
cluded when they did not meet the inclusion criteria or
having one of the following: cognitive deficits (assessed by
the Montreal cognitive assessment tool); visual field defect;
visuospatial neglect; motor planning deficits (e.g., dys-
praxia); affected upper/lower extremity moderate spasticity
or spastic dystonia; lost superficial/deep sensations; hip
prosthesis; or any other condition interfering with trunk
movements other than stroke. (ree patients were eligible
but refused to participate because of the commute or work
schedule. Participants were equally assigned into two equal
groups: task-specific training group (G1; n� 17) and con-
ventional training group (G2; n� 17). For allocation in
groups, each participant blindly pulled up a sealed envelope
indicating one of the treatment groups. Moreover, the en-
velopes were not revealed to the investigator who was re-
sponsible for the process of the envelop selection (Figure 1).
(e study was approved by the Institutional Ethics Com-
mittee at Faculty of Physical (erapy, Cairo University, and
written informed consent was obtained from each patient.

After initial data collection, the trunk impairment scale
(TIS) was used to assess the static and dynamic sitting
balance and trunk coordination in a sitting position [25].
(e TIS consists of three subscales: static sitting balance,
dynamic sitting balance, and coordination. Each subscale
contains between three and ten items. (e TIS score ranges
from a minimum of 0 to a maximum of 23. Postural as-
sessment scale (PASS) was also used to assess postural
control and participants’ ability to maintain stable posture
and equilibrium during changing positions [26]. PASS
consists of a four-point scale where the items are scored
from zero to three, and total scoring ranges from 0 to 36.
Functional reach test (FRT) was also used to assess the
anticipatory balance. (e FRT was measured by asking the
participant to reach forward with the nonparetic arm as far
as possible without taking a step [27].

A laser-guided digital goniometer was used to measure
the flexion, extension (Figure 2), lateral flexion (Figure 3),
and rotation to the right and left of the trunk (HALO, model
HG1, HALO Medical Devices, Australia). It utilizes mag-
netic system, accelerometers, and laser that intersect with
anatomical landmarks, distal and proximal to the segment
being measured which reduces the need for the visual es-
timation. (e HALO is a hand-held, pocket-sized
(88mm× 88mm× 17mm), digital goniometer using low-
level class 1 laser technology to measure joint angles in
degrees. Correll et al. provided evidence that the HALO
digital goniometer can be a reliable and valid tool for
measuring range of motions (ROM) with intrarater
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reliability between 0.82 and 0.91 and interrater reliability of
0.89 to 0.98 [28].

All patients included inG1 andG2 received a 15min one-
time lecture about the importance of trunk control for
performance of daily activities as a trial to empower patients
to advocate for their own health. Patients in G2 received 60
minutes three times a week over ten weeks of conventional
physical therapy management for the trunk based on the
neurodevelopment therapy. Treatment included facilitation
of upper, lower trunk, and pelvis movements and alignment
using key points of control, weight shifting in sitting,

bridging, and modified bridging exercises. Additionally,
strategies to improve postural control in quadruped,
kneeling, half-kneeling, and standing were utilized.
Changing base of support, changing supporting surface, use
of upper extremity movements, and external perturbations
were used as a challenge for postural control.

Participants in G1 received task-specific training where
the intended movements were reinforced to be done cor-
rectly through terminal, sensory-augmented (delivery of
additional task-related sensory cues, e.g., via clear and
simple auditory, tactile, or visual modalities) feedback that

Task-specific training
based on motor learning
principles for 10 weeks

Control group (G2)
n = 17

study group (G1)
n = 17

Excluded if having:
cognitive deficits; visual
field defect; visuospatial

neglect; dyspraxia;
spastic dystonia;

hip/shoulder prosthesis

Conventional physical
therapy based on NDT for

10 weeks

Follow-up measure
n = 34

Data collection/randomization
n = 34

Screening and recruitment
n = 46

Figure 1: Study flowchart: n number; NDT: neurodevelopmental technique.

Figure 2: Measurement of the (a) trunk extension, (b) neutral, and (c) trunk flexion. A laser-guided digital goniometer (HALO) is fastened
to a belt around the waist while standing.
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conveys pertinent information about body orientation for
balance with caution not to overload the patient with ex-
cessive or wordy commands. Knowledge of results and
quality of the movement were given during execution of the
task at phase I while knowledge of performance was given at
phase II. As initial practice progresses, the patients were
asked to self-examine performance and identify problems.
Specifically, what difficulties exist? What could be done to
correct the difficulties? and what movements could be
eliminated or refined? Practice of incorrect movement
patterns was not allowed to prevent faulty habits and pos-
tures and to enhance learning the correct pattern of
movements. To improve participants’ capabilities, intense,
structured, and variable practice was adopted. (e partici-
pants were given the opportunity to practice and practice in
a closed, tightly controlled, clinic environment and then in
an open constantly changing and unpredictable
environment.

(e exercise program was accomplished through two
phases: phase I started after randomization with an aim to
progress the participants from stage 2 to stage 4 postural
control of CMSA. Trunk control exercises started with as-
sistance in sitting on a treatment table with upper ex-
tremities (UEs) crossed in front of the chest, and the affected
UE was lifted by the nonparetic UE or resting them on a
movable table in front of the patient to avoid any stress on
the glenohumeral joint. (e exercise protocol included
leaning to and from the affected side, moving in the sagittal
and oblique planes. Moving the shoulders forward to a
target; spinal rotation to the affected and then nonaffected
side; flexing the hips in sitting and sliding arms forward on a
table to a target; reaching to the affected side slowly; sitting
on a high table with weight bearing through the affected leg;
pushing down through the leg when leaning forwards; and

independent rising from sitting to standing were also
practiced. During this phase, physical assistance through
distributed practice was utilized because of the complexity of
the tasks and to enrich the learning process without the
interfering effect of fatigue and other upper motor neuron
lesion sequelae. We started with a sequence of practice and
rest periods in which the practice time was equal to the time
at rest, and gradually the training time was increased.

Once the patient was able to perform tasks of stage 4,
phase II was started with an aim to reach stage 6 postural
control of CMSA. Phase II included the following exercises:
sitting and reaching up and down; sitting and reaching to the
affected side; reaching from side to side; forward and
backward in sitting; picking an object off the floor; reaching
to the side when standing up; standing and looking behind
(dual tasking); standing with one leg forward and looking
behind (dual tasking); standing with narrow base of support;
tandem and semitandem stance with and without head
turns; standing on one leg with support; marching on the
spot; and standing and bouncing a ball with two hands while
counting down (dual tasking). Each training session lasted
60min. (e interventions were applied three times a week
for 10 weeks. In this phase, faded feedback was provided
allowing the patients to be dependent on their own visual
and proprioceptor feedback from the trunk joints and
musculature in addition to the vestibular system. Random
type of practice was used in this phase to boost the long-term
retention effects.

3. Statistical Analysis

(e data have been analyzed using the SPSS software version
20 (SPSS Inc., Chicago, IL, USA). Descriptive statistics were
calculated to summarize the demographic data of the

Figure 3: Measurement of the trunk (a) lateral flexion to the left, (b) neutral, and (c) lateral flexion to the right. A laser-guided digital
goniometer (HALO) is fastened to a belt around the waist while standing.
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participants. (ese demographic data were compared be-
tween groups using the t-test (P< 0.05). (e outcome
measure including TIS, PASS, FRT, and trunk ROMs was
compared between and within groups using the t-test with
level of significance set at P< 0.05 (paired t-test for within-
group comparison and the independent t-test for between-
group comparison).

4. Results

A total of 17 participants from the study group (task-specific
training over a 10-week period) and 17 participants from the
control group (only conventional rehabilitation program)
were included in the analysis. Figure 1 shows the flow di-
agram for the study. No adverse effects of either intervention
came across. Characteristics of both groups are presented in
Table 1. To ensure the matching between groups, partici-
pants’ characteristics were compared with regard to the
following variables: age, sex, height, weight, duration of
illness, and type of stroke. No significant differences were
found between the 2 groups in terms of the demographic
variables (P> 0.05).

Table 2 presents the descriptive statistics, mean and
standard deviation (SD) of dependent variables, and com-
parison within and between the two groups. No significant
differences were found between the 2 groups in all outcome
measures at the baseline assessment (P> 0.05). Both groups
showed significant improvements in outcome measures
including TIS, PASS, FRT, and trunk ROM during the 4
weeks between pre- and posttreatment assessment
(P< 0.001). Patients in the study group improved

significantly better when compared to the control group
(P< 0.001). (e results also reflect a significant difference
among participants representing the study group when
compared to the control group in terms of follow-up as-
sessment (P< 0.05) (Figure 4).

5. Discussion

(e aim of this study was to evaluate the effect of task-
specific training on trunk performance after stroke. We used
an examiner-blinded randomized controlled trial to com-
pare the results of G1 receiving task-specific training to the
results of the G2, which received conventional therapy based
on neurodevelopmental therapy aiming at improving trunk
control. Our results suggest that task-specific training
resulted in significant improvement above what was found
by conventional therapy on the TIS, PASS, and functional
reach test. Secondary outcome measures including trunk
ROM also showed significant improvement among patients
in the study group when compared to those of the control
group.

Improvements observed among patients representing
the study and control groups can be attributed to the an-
atomical fact that the trunk muscles are bilaterally inner-
vated and the fact that the axial muscles are rarely contracted
unilaterally even when the arm produces a unilateral
movement, to stabilize the trunk, which could enforce the
contraction of the muscles on the paretic side by irradiation.
(is is consistent with Jean-Charles and colleagues who
reported that proximal and axial muscles are innervated by
inputs from both contralateral and ipsilateral corticospinal

Table 1: Subjects’ characteristics.

Task-specific training group, G1: n� 17 Conventional training group, G2: n� 17 P

Age (years) 58.76± 3.51 56.71± 3.74 0.108
Sex (males/females) 11/6 9/8 0.501
Weight (kg) 76.53± 5.91 75.76± 7.59 0.745
Height (cm) 169.53± 8.14 167.88± 7.79 0.551
Duration of illness (days) 27.82± 3.71 28.76± 3.29 0.440
Stroke (Hge/Inf) 3/14 4/13 0.862
Values are presented as mean± SD and percentages. P is significant at P< 0.05.

Table 2: Within and between group comparison of the mean values of the measured trunk range of motions in degrees.

Within groups Between groups
Group 1

P
Group 2

P
Before After

Before After Before After P P

TIS 17.47± 1.46 22.12± 0.99 <0.001 16.76± 1.52 18.47± 2.62 0.029 0.178 <0.001
PASS 20.53± 1.84 26.71± 2.85 <0.001 20.29± 2.05 22.06± 2.05 0.018 0.727 <0.001
FRT 11.56± 2.50 18.44± 3.14 <0.001 11.38± 3.36 14.13± 3.30 0.027 0.859 0.001
Flexion 19.18± 3.56 43.12± 6.10 <0.001 19.65± 4.03 22.82± 3.21 0.016 0.721 <0.001
Extension 13.76± 2.44 21.35± 3.46 <0.001 14.06± 2.16 16.18± 3.34 0.037 0.712 <0.001
R rotation 9.71± 1.83 14.18± 2.60 <0.001 9.118± 0.99 10.24± 0.97 0.012 0.062 <0.001
L rotation 9.65± 1.17 13.71± 1.86 <0.001 8.59± 2.00 10.63± 1.71 0.021 0.071 <0.001
R lateral flexion 11.53± 2.48 18.35± 2.26 <0.001 10.94± 1.89 12.76± 1.95 0.009 0.442 <0.001
L lateral flexion 11.71± 2.14 18.59± 1.91 <0.001 11.35± 1.50 13.53± 2.60 0.006 0.582 <0.001
Data are presented as mean± standard deviations (SD). TIS: trunk impairment scale; PASS: postural assessment scale; FRT: functional reach test; R: right; L:
left. P is significant at P< 0.05.
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tracts [29]. Studies in animals have shown that the corti-
cospinal tract sends collateral projections to nuclei from
which reticulospinal neurons originate. (ese projections
come from the areas of the motor cortex that control
movements of proximal and axial muscles [30].

In the current study, patients representing the study
group showed better progress than those in the control
group. (is could be attributed to the effect of using the
principles of motor learning including task specificity,
terminal feedback and the amount of time devoted to task
repetition, giving the opportunity for more learning, in
addition to dual-task training. (e terminal feedback can
improve the control of performed motor tasks. Knowledge
of results is particularly useful in the earlier stages (phase I)
because it can serve as a motivator and does not disturb the
patient’s attention during task performance. (is is con-
sistent with the other studies which concluded that feedback
about performance is one of the most powerful variables
affecting the learning of motor skills [31, 32]. In addition,
Winstein and colleagues reported that terminal feedback
which does not overload the patients during task perfor-
mance is very helpful for retention [33].

It is well known that the best way to improve learning of
new skills is to practice, practice, and more practice. (e
more time an individual spends practicing a new task, the
more the opportunity to master that task [34]. (is is
consistent with studies which concluded that intense or-
ganized practice leads to improvements in functional per-
formance [35], kinematics, and kinetics of movement with
structural changes in the neurosubstrates of the brain which
is parallel to improved movement competences [36–38].

Utilization of the dual-task training towards the end of
the treatment (phase II) could help to improve automaticity
of movement and switching task performance to the un-
conscious level. (is is consistent with previous studies

which reported that dual-task training plays an important
role in improving the postural control that assists in im-
proving balance abilities [39]. Another study proposed that
merging motor and cognitive tasks as dual-task training
brings a significant improvement on balance and daily living
abilities among patients with stroke [40].

Our study had few limitations despite its strength. (e
study had a small sample size and did not assess the training
effect at follow-up; assessing the training effect at follow-up
might establish the long-term effect of the training inter-
ventions and ensure the retention phase of the motor
learning. Future studies including larger sample size and
modern technology in rehabilitation or virtual reality are
recommended.

Data Availability

(e data (outcome measures raw data and photos) used to
support the findings of this study are available from the
corresponding author upon request.
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