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Abstract.
BACKGROUND: Patients with hemiparetic stroke experience diminished motor function, dynamic balance, and gait speed,
which influence their activities of daily living (ADL).
OBJECTIVE: This study aimed to determine the therapeutic effects of ultrasound biofeedback core exercise (UBCE) on
Fugl-Meyer assessment (FMA), Time up and go (TUG), 10-meter walking test (10MWT) and functional independent measure
(FIM) in participants with stroke.
METHODS: Twenty-four stroke survivors consistently underwent UBCE or abdominal draw-in maneuver (ADIM) for 30
min/session, 3 days a week for 4 weeks. Clinical outcome measurements – the FMA, TUG, 10MWT, and FIM – were observed
pre-and post-intervention.
RESULTS: We detected significant changes in the FMA-lower extremities, TUG, 10MWT, and FIM scores between the UBCE
and ADIM groups. UBCE and ADIM showed significant improvements in FMA-lower extremities, TUG, 10MWT, and FIM
scores. However, UBCE showed more favorable results than ADIM in patients with stroke.
CONCLUSIONS: Our research provides novel therapeutic suggestion of neurorehabilitation in stroke patients.
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1. Introduction

Stroke is a major global health issue that causes a high death and morbidity rate [1]. Weakness,
spasticity, and loss of balance on the hemiparetic side, which impacts activities of daily living (ADL)
and the inability to maintain postural alignment, are common challenges associated with stroke [2]. Core
instability is a common neuromusculoskeletal system impairment in stroke. During static and dynamic
postural changes, the core stability is the primary critical location that enables the body to stay firm and
modifies weight shifting [3]. Previous research has reported a decrease in motor function, asymmetry of
the trunk during hemiplegic gait, significant weakening, and delayed activation of the gait muscles during
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gait [4]. Such irregular diaphragm functions may amend the instruction of intra-abdominal pressure
(IAP) [5,6]. This might lead to inadequate postural control and core stabilization during dynamic gait
and motor function [6]. Movements such as running, jumping, and lifting impose a huge stress on the
spine and cause an increase in intra-abdominal pressure (IAP). It is still unclear what this pressure
increase’s purpose is. According to early theories, the pressure inside the belly cavity could help the
lumbar spine bear some of its weight. These theories were developed on the theory that pressure created
in the abdominal cavity applied a hydrostatic force on the diaphragm and the pelvic floor. It was believed
that this force would lessen the spine’s compression force since it increased the spine’s tension and created
a trunk extension moment [7]. Maintaining and moving in the standing position, stabilizing the body
for everyday tasks, and regaining balance and stability are all possible due to trunk control function [8].
Furthermore, an increase in physical function levels and living quality standards is essential. It reduces
their ability to maintain cooperative action, impairs their rib cage movement, and affects their trunk and
respiratory muscles’ ability to maintain normal posture [9]. Breathing becomes less effective as a result of
the dysfunctional trunk postures caused by the injured trunk muscles [10]. Generally speaking, the deep
multifidus and deep abdominal muscles work together to stabilize the trunk [11]. Reduced trunk postural
stability impedes stroke patients’ ability to regain their full mobility. Among patients with stroke, one of
the best indicators of their functional prognosis is their capacity for unassisted sitting [12]. Frequently
employed in a clinical context, the abdominal drawer-in maneuver (ADIM) selectively contracts the
rectus abdominis (RA), transverse abdominis (TrA) muscle as well as internal oblique (IO), and external
obliques (EO) more quickly than other superficial muscles to support the trunk [13,14]. To do this, the
transversus abdominis must be particularly engaged before the other abdominal muscles are activated.
This method is crucial for maintaining the stability of spinal segments. Rather than using diaphragm
movement, it is frequently utilized to increase the stability of the lumbar spine and pelvis by rebuilding
the TrA and IO muscles [15]. Nevertheless, several laboratory studies have indicated that ADIM may have
both positive and negative effects on the spine, potentially influencing the incidence of stroke, according
to the existing systematic data [14].

To mitigate the ultrasound biofeedback core exercise (UBCE) in stroke, To transfer energy and produce
coordinated force, proximal segment (core) stability must be achieved and connected to the fractured
neighboring segment [5]. It has been determined that a noninvasive way to record the morphological
characteristics and contraction thickness of muscles is real-time ultrasound biofeedback. It has been
widely employed in research as well as therapeutic settings [16]. It has previously been shown that
ultrasonic detection techniques are reliable for measuring muscle thickness and contraction [16]. The
idea for normalizing the UBCE exercise originated in the field of developmental kinesiology [6]. The
synchronized coactivation of the system’s deep and superficial muscles is a key component of the UBCE
normalization procedure [9]. During deep inhalation, the deep muscular facilitation specifically involves
the co-activation of the diaphragm, TrA-multifidus-pelvic floor as well as IO, and EO muscle, resulting
in internal stability by using ultrasound biofeedback [9]. The superficial muscles are facilitated by the
external core stabilization force, which is connected to the hip extensor muscles. To be more precise, the
theory states that during the inspiration phase, After IAP is naturally generated by the deep core stability
muscles (diaphragm-TrA/IO-multifidus-pelvic floor), it is further stabilized by reflexively coactivating
the exterior core stabilizers (EO, rectus abdominis; RA, erector spinae; ES) [9]. Furthermore, in response
to external perturbations and dynamic motions of the distal extremities section, the integrative internal
and external core stabilization forces provide sufficient stability or moving forces in the proximal core
segment [11]. However, Despite the important roles and large clinical benefits of the recommended core
stabilization strategies, the therapeutic effectiveness and underlying motor control patterns and processes
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Table 1
Demographic features of the sub-acute stroke participants (n = 24)

UBCE (n = 13) ADIM (n = 11) p

Sex Male 7 6
Female 6 5 0.97

Paretic side Right 8 7
Left 5 4 0.92

Onset time (weeks) 7.23 ± 2.16 7.09 ± 2.25 0.87
Age (year) 61.46 ± 12.88 62.63 ± 12.53 0.82
Height (cm) 162.92 ± 8.41 164.63 ± 11.57 0.67
Weight (kg) 64.85 ± 13.49 64.28 ± 10.92 0.91
MMSE (score) 26.30 ± 1.65 26.18 ± 1.66 0.85
UBCE: Ultrasound biofeedback core-exercise; ADIM: Abdominal breathing in
maneuver; MMSE: Mini-mental state examination; Mean ± Standard deviation.

underpinning the UBCE and ADIM in stroke patients remain unknown. Therefore, this study aims to
determine the therapeutic effectiveness of UBCE on motor function (Fugl-Meyer assessment; FMA),
balance control (Time up and go; TUG), gait speed (10-meter walking test; 10MWT) and ADL (functional
independent measure; FIM) in participants with stroke. We hypothesized that UBCE would demonstrate
better motor function, balance control, gait speed, and ADL than ADIM.

2. Method

2.1. Animal experiments to measure ABR

2.1.1. Participants
Twenty-four adults with hemiparetic stroke (males 13, females 11; age 62 ± 12.45 years;) were recruited

from a neurorehabilitation center. For four weeks, the participants underwent UBCE (n = 13) and ADIM
(n = 11) for thirty minutes a day, three days a week. Every subject gave their informed permission and
underwent ADIM core stabilization as well as UBCE. The participants who could follow instructions
(Mini-Mental State Examination [MMSE] mean score of 26.25 ± 1.62) and experienced a subacute (3–6
month) hemiplegic stroke (post-stroke duration< 12 weeks; mean weeks 7.16 ± 2.16) were included [17].
But stroke victims who experience severe visual hemianopia, history of cerebellar/brainstem stroke,
cardiopulmonary impairments preventing ambulation tests, uncontrolled hypertension (stage 2) with
blood pressure > 160/100 mmHg, and a history of prior surgery were eliminated. The subjects’ clinical
and demographic details are shown in Table 1. The group homogeneity was supported by Levene’s test,
which showed no discernible variation in the individuals’ baseline characteristics. Standard deviation and
averages were incorporated in descriptive statistical data analysis. The independent t-test was employed
to compare the baseline demographic features of the groups for continuous variables.

2.1.2. Materials and procedure
All the participants underwent consistent standardized clinical testing- pre and post-test in a safe

environment. The clinical test included the motor function (FMA), balance control (TUG), gait speed
(10MWT), and ADL (FIM) evaluation were conducted, to determine each stroke patient’s functional
ability before versus after the intervention. The FMA is a performance-based impairment measure related
to stroke. It is intended to evaluate pain, sensation, motor function, range of motion, balance, and post-
stroke hemiplegia in patients. The scoring is based on observation of stroke patient’s performance. The
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scale items use a 3-point scale, with 0 = incapable to perform; 1 = partly performed; 2 = completely
performed. The entire score was 226 points [18]. This test has shown good validity [19]. The TUG
test is a simple and useful test of balance and mobility that consists of upright from a chair, mobile 3
meters straight, and turning at a turning point. It is widely used mainly for patients with stroke, mobility
impairment, and Parkinson’s disease. This test has shown excellent validity and reliability and is also used
to assess fall risk or measure intervention outcomes [20]. 10MWT is an evaluation tool that evaluates
walking speed among the walking abilities of stroke patients [21]. Walking speed was determined by
monitoring the amount of time spent walking on the 10-meter track. In this study, an acceleration distance
of three meters and a deceleration distance of three meters were placed at the front and rear of the track,
respectively. Participants used walking aids when necessary. FIM is a commonly utilized instrument
for assessing daily living activities. It offers a way to measure how well stroke victims are recovering
neurologically and functionally. It has demonstrated outstanding dependability and has been applied to
test the effects of interventions or evaluate ADL. The degree of impairment and care load are assessed
using the 18 items on the FIM. Impairment in motor functions is defined by 13 items, whereas impairment
in cognitive functions is defined by 5 things. Every item is graded on a seven-point rating system, where
1 represents total assistance and 7 represents entire independence [22]. FIM is a validity and reliability
instrument of examining the stroke patient’s functional mobility [23].

2.1.3. Intervention
UBCE and ADIM, two distinct core stabilization exercises, were employed. These were the main

methods of stabilization. The diaphragm descends synkinesis during inspiration in the UBCE, which co-
activates the abdominal and pelvic floor muscles and modifies IAP to give core stability. The standardized
UBCE steps are as follows: (1) In order to enable normalized or natural diaphragmatic breathing,
participants’ sternum, ribcage, and thoracolumbar spine alignment were centralized or normalized while
they were supine; (2) Then, to activate the TrA/IO, the subject had to keep their chest and spine in
alignment while performing an instinctive or subconscious descending diaphragmatic movement during a
regular inhale. The lower portion of the sternum and the ten to twelve ribs were enlarged anterolaterally
from the midclavicular line and posteriorly along the angulus costae, as demonstrated by an appropriate
UBCE movement. Consequently, deep core muscles and IAP control are activated by the diaphragm’s
descending motions and the intercostal space’s expansion. The patient utilized ultrasonography to give
feedback on the exact diaphragm descent during UBCE [24]. In the inspiration phase, the diaphragm
contracts and approaches the transducer and appears as an upward inflection on the ultrasound image.
In the expiration phase, the diaphragm moved away from the ultrasonic transducer and appears as a
downward inflection. The patient was instructed to use visual feedback during inspiration to ensure that
the diaphragm approached the ultrasound probe [24]. After mastering the basic UBCE skills in the supine
position, participants can practice unilateral or bilateral shoulder and hip flexion-extension motions at a
more demanding level (supine, prone, quadruped, sitting, and standing postures). Participants in the ADIM
group engaged in the pelvic tilting exercise. The following were the specific guidelines for the ADIM
technique. (1) Contraction of the deep abdominal muscles without hyperactivation of the superficial
muscles should be done while breathing softly and drawing the belly button up and in toward the spine
with a pelvic posterior tilting movement (sternocleidomastoid, upper trapezius, rectus abdominis). Each
participant’s motions were examined by the therapist, who made any required adjustments. More difficult
exercises for core stability were conducted after the individual successfully completed the selective
pelvic tilting exercise. These activities included: (3) unilateral or bilateral shoulder movements and (4)
hip flexion-extension motions in both sitting and standing postures [15]. Five postures were used for
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Table 2
Data on motor, balance and gait performance comparing UBCE and ADIM

Clinical test UBCE ADIM p

FMA-upper Pre-test 32.15 ± 23.43 31.45 ± 24.18
Post-test 40.92 ± 22.14 37.18 ± 22.86 0.68
t −2.90* −4.12*

FMA-lsower Pre-test 19.15 ± 5.82 22.54 ± 5.24
Post-test 29.23 ± 2.58 25.81 ± 4.30 0.02*
t −8.70* −5.28*

TUG Pre-test 60.38 ± 14.32 60.45 ± 23.36
Post-test 26.26 ± 11.70 42.90 ± 21.59 0.02*
t 7.97* 4.89*

10MWT Pre-test 57.30 ± 16.09 58.09 ± 24.46
Post-test 24.76 ± 11.20 37.00 ± 19.73 0.07
t 7.54* 4.96*

FIM Pre-test 56.38 ± 10.78 62.72 ± 15.39
Post-test 83.92 ± 13.93 70.09 ± 17.10 0.04*
t −9.96* −4.35*

UBCE: Ultrasound biofeedback core-exercise; ADIM: Abdominal breathing
in maneuver; FMA: Fugl-meyer assessment; TUG: Timed up-and-go test;
10MWT: 10-meter walking test; FIM: Functional independence measure;
*p < 0.05, derived from the main and interaction effects.

each session: quadruped, sitting, prone, supine, and standing. Ten seconds were allocated to maintaining
shoulder flexion-extension and hip flexion-extension during each session, with ten repetitions of the
implementation. There was a two-minute break between each session. For a total of four weeks, the
complete group received treatment interventions for thirty minutes each session, three times a week. The
experiment was conducted by five physiotherapists with at least three years of clinical experience who
were NDT certified.

2.1.4. Statistical analysis
Standard deviations and means were incorporated in descriptive statistical data analysis. The indepen-

dent t-test was employed to compare the baseline demographic features of the groups for continuous
variables. To look at the variations between the pre- and post-tests in each group, paired t-tests were used.
To confirm the post-intervention differences between the groups, independent t-tests were used. A 0.05
threshold for statistical significance (α) was established. Statistical analyses were performed using the
Statistical Package for the Social Sciences (SPSS) for Windows version 25.0 (SPSS, Chicago, IL, USA).

3. Results

3.1. FMA (motor function data)

Table 2 showed a comparison of motor functions between UBCE and ADIM. The pre-test and post-test
FMA evaluations in the UBCE and ADIM groups were compared using paired t-tests. Each group’s
motor function (FMA upper extremity/lower extremity) test resulted in a substantial increase (p < 0.05).
The post-test differences for the UBCE and ADIM groups were assessed using independent t-tests. After
4 weeks of intervention, the FMA-lower extremity test was significantly increased in UBCE than in
ADIM (p < 0.05) (Table 2).
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3.2. TUG (balance control data)

The pre-test and post-test TUG evaluations in the UBCE and ADIM groups were compared using paired
t-tests. Within each group, there was a substantial rise in the balancing control (TUG) test (p < 0.01).
The differences between the post-test for the UBCE and ADIM groups were assessed using independent
t-tests. After 4 weeks of intervention, the TUG test significantly decreased in UBCE than ADIM (p <
0.05) (Table 2).

3.3. 10MWT (gait speed data)

The pre-test and post-test 10MWT evaluations in the UBCE and ADIM groups were compared using
paired t-tests. Within each group, there was a substantial increase in the gait speed (10MWT) test (p <
0.01). The post-test differences for the UBCE and ADIM groups were assessed using independent t-tests.
There was no statistically significant difference in 10MWT from UBCE and ADIM after 4 weeks of
intervention (p > 0.05) (Table 2).

3.4. FIM (activities of daily living data)

The pre-test and post-test FIM evaluations in the UBCE and ADIM groups were compared using paired
t-tests. Each group’s activities of daily life (FIM) test considerably increased (p < 0.01). The post-test
differences for the UBCE and ADIM groups were assessed using independent t-tests. After 4 weeks of
intervention, the FIM test significantly increased in UBCE than in ADIM (p < 0.05) (Table 2).

4. Discussion

In this study, stroke patients’ motor function, balance control, gait speed, and ADL were examined
in relation to the therapeutic benefits of the UBCE. The UBCE group considerably outperformed the
ADIM group in terms of motor function, balance control, gait speed, and ADLs, supporting our hypoth-
esis. Significantly, compared to the ADIM group, the UBCE group showed clinically more significant
improvements in motor function, balance control, gait speed, and ADL in stroke survivors.

According to FMA analysis, UBCE had a higher impact than ADIM (38.12%), which is consistent
with other studies that looked at how UBCE affected stroke patients’ motor abilities. Chen et al. (2020)
informed an improved FMA score following 48 sessions of core muscle stability training (23.58%) when
compared to the control group in 180 stroke patients with hemiplegia [25]. Park et al (2022) stated an
improvement in FMA score in 38 patients with ischemic and hemorrhagic stroke after 48 sessions of core
muscle stability exercise with music-combined rehabilitation training (29.81%) compared to conventional
rehabilitation exercise combined with trunk muscle control [26]. These results were consistent with
previous studies that shown increased co-activation (1.2:1) of the muscle around the trunk during lifting
activities in those without symptoms, which is associated with IO-multifidus muscle chain stability [27].
This discovery seems to reprogram UBCE breathing rhythm. Furthermore, it is known that an increase in
IAP produces “relative stiffness,” or the control of the spine that is necessary for functional activities. It
has been demonstrated that isolated diaphragm contraction, even in the absence of back and abdominal
muscle activity, increases IAP and aids in spinal control [27]. During dynamic hip movement, such as
in the UBCE, these anterior muscular oblique chains may be counterbalanced by the posterior chain
muscles to make the complete spinal segment upright and stabilize the movement of externally (negative)
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stabilizing forces [27]. The distal section moves on an anatomical foundation from the core. To keep
the spine stable, core stability requires the capacity to control trunk motion over the pelvis and legs. It
was anticipated that adding core stability would increase stability and enable better force production
and control over lower leg movement [28]. However, the patient’s abnormal flexion synergy may be
connected to the significant decline in upper extremity function. One of the main things influencing
patients’ neuroplasticity and motor rehabilitation is abnormal upper extremity flexion synergy. The daily
motor repertoire may include maladaptive strategies as a result of abnormal upper extremity flexion
synergy. When trying to improve movement, compensatory movement methods can be exceedingly
frustrating for both the patient and the therapist to relearn [29].

Balance analysis demonstrated a superior effect of UBCE (27.48%) compared to ADIM. These results
support previous research that examined the balanced clinical effects of UBCE in stroke. Chen et al.
(2020) described an improved balance score following 48 sessions of core muscle stability training
(32.50%) when compared to the control group of 180 stroke patients with hemiplegia [25]. The capacity
to synchronize vestibular organs, muscles, tendons, joints, and visual impulses is known as balance ability.
It is the fundamental idea that people should maintain their posture and execute technical moves correctly.
After a stroke, aberrant muscle tone, strength, and motor control challenges are caused by disturbances in
the motor or sensory pathways, which ultimately lead to balance problems [25]. The ability of people
with hemiplegia from brain infarction to walk and perform their everyday activities is dependent on the
balancing function. The ability to sustain the same muscle conditions in the trunk and pelvis during an
exercise, offer a stable foundation for upper and lower limb movement, and synchronize the force of
the two muscles to optimize power production, transfer, and control is known as core stabilization [5].
Core stability exercise may improve the body’s ability to coordinate, communicate, balance, regulate,
and integrate the power production of each muscle group [15]. Consequently, scientists have worked to
create techniques that would improve core stability and strength. Core stability training has gained a lot
of attention in the area of rehabilitative medicine [11]. Patients recovering from strokes may find that core
stability training helps them walk and live more independently, which will facilitate their reintegration
into society and family [11]. In order to attain an objective that necessitates an upright posture, balance
is a complex process that involves the planning and execution of movement as well as the processing
and integration of sensory information. Strokes can impact the different postural control systems or
the interplay between these systems. The loss of balance following a stroke can be caused by a variety
of circumstances, including weakness on one side of the body, loss of sensation in the affected side,
especially the leg, brain injury, lack of attention, perceptual issues, vision problems, dizziness or vertigo,
and pharmaceutical side effects [30].

Gait speed analysis demonstrated a superior effect of UBCE (20.48%) than ADIM. These results
support previous research that inspected the gait speed effectiveness of UBCE in hemiplegic participants.
Jung et al (2016) reported an improvement in gait speed after 20 sessions of core stability training
(16.09%) compared to a control group in 24 hemiplegic stroke patients [31]. It implies that dynamic
balance and gait speed may be enhanced by extra trunk exercises targeted at enhancing rotation of the
upper and lower trunk as well as lateral flexion. It suggests that a deficit in any of the core stability
exercises distorts the muscle’s capacity to maintain balance and spinal stability, which harms community
ambulation [32]. Additionally reinforced by this concept is the conception of the “core” as a box with the
abdominals in the front, the diaphragm as the roof, the pelvic floor and hip girdle muscles as the bottom,
and the paraspinal and gluteal muscles in the rear [32,33]. The upper and lower trunks move in unison
and opposing directions along the vertical axis during a typical gait cycle. In healthy individuals, the
maximum mobility in the frontal plane trunk function is reached at the toe of the sagittal plane trunk
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function, which peaks near each heel strike [34]. Trunk function is said to be crucial for hemiplegic gait.
Muscle imbalance after a stroke significantly changes trunk motions. The trunk deficits are opposite
to the extremities and bilateral [35]. During the swing phase, core strengthening enhanced center of
gravity transfer and posterior pelvic tilt. It has been established that the transverse abdominis helps the
body become ready for contralateral weight redistribution. Research indicates that muscles in the trunk,
particularly the multifidus and TrA, contract before muscles in the upper and lower limbs. Additionally, it
is thought that this feed-forward activation pattern of the core muscles contributes to more accurate limb
control during locomotion and offers a more solid neuromuscular basis for muscular movement [6].

ADL analysis demonstrated a superior effect of UBCE (37.15%) than the ADIM group. These results
support a previous study that observed the gait speed effectiveness of UBCE in stroke participants.
Haruyama et al. (2016) reported an improvement in ADL function in 32 participants with stroke after 16
sessions of a conventional therapy program with 400 min of core stabilization (25.40%) compared to the
traditional physical therapy program alone [37]. In stroke hemiplegia, deep abdominal muscle activity
is preserved. Hence, stroke victims can co-contract the trunk’s global muscles while activating their
core [37]. Regarding the intervention in this research, The program was created with the primary objective
of improving core stability through the activation of the local core muscles [37]. As a result, we discovered
that balance and mobility were enhanced by trunk stabilization due to core stability training [37]. This
outcome was in parallel with the study by Cabanas-Valdés et al. (2017) on the intervention impact of
improved core stability [38]. In contrast to our protocol, their core stability training included workouts
of the local core muscles and consisted of bridge, reaching, and selected trunk or pelvic movement
activities [39]. Although an intervention effect using core stability training as a supplemental training
was requested, our protocol, which engages the local muscles of the core, revealed advantages without
further training. Recent studies have shown that progressive programs have an effect and are useful
in core stability exercises [34,35]. As a result, we created a unique progressive program for workouts
including core stability. In terms of the protocol content, we sought to create a more targeted protocol
than those found in earlier research by choosing a few specific training modalities. Most of the workouts
were done while sitting upwards. It is safe and simple to use core stability training in a therapeutic
context, and it proved beneficial when upright, and anti-gravity position compared to laying [40,41].
Several authors have shown that using ultrasound as a biofeedback technique can improve the deep core
muscles’ preferential activation in stroke patients. The ability of the lumbar multifidus muscle to contract
preferentially was found to be substantially correlated with the muscle’s capacity to recuperate, function,
and maintain contraction during a restricted number of treatment sessions [16].

A limitation of this research was its small sample size for both groups due to the complications in
employing patients at risk of falling. Consequently, even if the clinical outcome of the measurement data
showed encouraging UBCE benefits, doctors should proceed with care when interpreting these results.
Another limitation was that the anterior superficial and deep chain muscles and IAP were not measured.
Therefore, more study is required to create an advanced sensor and motion magnetic resonance imaging
(MRI) in order to accurately detect the motor control of the chain muscles that underlie dynamic hip or
limb movement.

5. Conclusion

This study shows that stroke patients in UBCE had better treatment outcomes than those in ADIM. Our
unique findings offer encouraging empirical proof that, when it comes to neuromuscular chain control,
UBCE-based rehabilitation is more coordinated, balanced, well-moved, and fastened than ADIM. As
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such, it might be utilized as a substitute exercise for core stability. Important clinical insights on stroke
rehabilitation are offered by this research.
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