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Abstract 
Background: Stroke significantly impacts motor functions, including balance and gait, due to trunk 

weakness, leading to compromised postural control and reduced functionality. Rehabilitation 

approaches like core stability exercises, dance therapy, Tai Chi, interactive gaming, and robotic 

assisted therapies are examined for their effectiveness in enhancing trunk function, balance, and gait 

among stroke survivors.  

Aims and Objectives: The study aims to evaluate the impact of different trunk training methods on 

balance and gait in stroke patients, specifically assessing core stability exercises, dance therapy, 

sitting Tai Chi, interactive gaming, robotic-assisted therapy, and cycle ergometry.  

Materials and Methods: A comprehensive literature review of studies from 2022 was conducted, 

focusing on stroke patients aged over 18 with more than six months of recovery. Six articles meeting 

the criteria were analyzed, evaluating interventions such as core stability exercises, Tai Chi, dance 

therapy, interactive gaming, robotic therapy, and cycle ergometry.  

Results: The selected studies reported improvements in trunk control, balance, and gait across 

interventions. Core stability exercises, sitting Tai Chi, and dance therapy delivered via 

telerehabilitation improved postural stability. Robotic-assisted therapy and gaming enhanced motor 

functions, while cycle ergometry promoted balance in acute stroke patients.  

Conclusion: Trunk training through core stability exercises, Tai Chi, and robotic-assisted 

rehabilitation shows promise in enhancing functional outcomes in stroke patients. However, long-

term adherence to home-based exercises and intervention optimization remains challenges. 

 

Keywords: Stroke, Trunk Control, Balance, Gait, Rehabilitation, Core Stability, Dance Therapy, Tai 

Chi, Robotic-Assisted Therapy, Telerehabilitation. 

 

Introduction 

Stroke is the second leading cause of death worldwide and the second most common cause of 

disability‐adjusted life‐years. As referring to the year 2020 indicate the global prevalence of 

10 % ischemic stroke and 3%hemorraghic stroke [1]. Stroke is a clinical syndrome 

characterized by rapidly developing signs of focal or global disturbance of cerebral 

functions, lasting for more than 24 hours or leading to death, with no apparent causes other 

than vascular origin. Stroke can affect vision, cognition, communication, and sensorimotor 

function. Stroke can induce a wide range of deficits, from none or very minor deficits, to a 

complete paralysis of the affected side of the body, and even bilateral impairments [2]. 

Reduction of trunk function is one of major issue faced by stroke patients in their daily 

living. Persons with stroke suffer from weakness of the trunk and impairment of 

proprioception, resulting in decreased balance and postural control, reduced weight- bearing 

ability, and increased postural fluctuations.[3]  

Trunk plays a central role in postural response and control; all functional movements and 

trunk control are important in activities of daily living. Sensory-motor impairment of the 

trunk interferes with functional performance, thus decreasing balance ability and affecting 

movement. Increased sway during quiet standing, uneven weight distribution with increased 

weight bearing on the unaffected limb, decreased weight-shifting ability while in stance, and 

abnormalities in postural responses have been documented. It also affects the gait and 

mobility of an individual. So, it is very essential to improve the trunk function of stroke  
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patients in all phases of rehabilitation [4]. Several studies 

proves that trunk function can be improved by approaches 

like core stability exercise, dance therapy, tailored sitting 

tai chi program, gaming system, robotic assisted 

rehabilitation, early bed arm and leg cycle ergometry.  

CSE also known as lumbopelvic stability exercise is the 

isometric strengthening of trunk muscles. This approach 

recommended in the guidelines of good practice and it is 

not only for the recovery of trunk muscles but also exerts a 

great influence on balance and gait.[4]  

Dance therapy, which offers aerobic benefits similar to 

jogging and walking, has been shown to improve gait and 

balance in individuals with neurological conditions like 

stroke and Parkinson's disease. Recent studies support its 

effectiveness, particularly excluding Parkinson's disease. 

Given the COVID-19 pandemic's emphasis on reducing 

person-to-person contact, telerehabilitation—providing 

rehabilitation services remotely using technology—has 

become increasingly important. Therefore, dance therapy 

delivered through telerehabilitation may be a practical and 

effective approach for improving trunk control in stroke 

patients.[2]  

The American Heart Association/American Stroke 

Association recommends Tai Chi for stroke recovery, but 

traditional Tai Chi programs are often unsuitable for 

subacute stroke survivors with hemiparesis or hemiplegia 

due to fall risks and mobility issues. Sitting Tai Chi, a 

modified version performed while seated, offers a safer 

alternative for these individuals. However, there is a lack of 

randomized controlled trials (RCTs) on the effectiveness of 

sitting Tai Chi for subacute stroke recovery. Developing a 

tailored sitting Tai Chi program for this population is 

essential to provide evidence of its benefits.[5]  

Commercial gaming systems are being used for stroke 

rehabilitation due to their fun, low-cost nature, and ability 

to provide meaningful and repetitive movements. They can 

enhance rehabilitation by encouraging self-rehabilitation at 

home or in hospitals. However, a concern is whether these 

systems may lead to increased compensatory trunk 

movements, where patients substitute impaired functions 

(e.g., elbow extension) with trunk movements. Research by 

Michaelsen et al. suggests that such compensatory 

strategies can reduce functional recovery in patients with 

moderate motor impairment. Thus, while gaming systems 

may be engaging, they might inadvertently promote 

compensatory patterns that could negatively impact 

functional recovery.[6]  

Robot-assisted therapy has significantly advanced stroke 

rehabilitation by providing targeted, intensive, and 

engaging training. Robot-assisted gait training (RAGT) is 

particularly notable for its ability to offer high-intensity, 

repetitive, and task-specific exercises with consistent 

control over movement patterns, speed, and resistance. This 

precise control and adaptability surpass what is achievable 

with traditional manual therapy. Combining robotic 

treatment with conventional physical therapy has been 

shown to maximize effectiveness. Robotic systems also 

allow for personalized adjustments to accommodate the 

diverse motor impairments caused by strokes, tailoring 

rehabilitation to each patient’s needs [8]. 

Early bedside cycle ergometer along with routine 

physiotherapy improves motor function in hospitalized 

acute stroke survivors . Early mobilization after a stroke is 

crucial for reducing death and disability, and in ICU 

rehabilitation, therapists often use positioning, passive 

movements, bedside sitting, and transfers. Techniques like 

tilt tables, wheelchair mobilization, and functional 

electrical stimulation assist in early mobilization. The cycle 

ergometer, a device for cyclic exercises, is particularly 

effective as it enables passive, active, and resistance 

exercises for both arms and legs. This method aids in 

muscle activation and coordination, and has shown benefits 

in improving standing and walking abilities in stroke 

patients, especially in subacute and chronic stages.[7] The 

study aims to review the effectiveness of trunk training 

during the rehabilitation of stroke patients.  

 

Methodology  

This study encompassed various types of research designs, 

including randomized controlled trials, clinical trials, and 

pre-post experimental designs, and focused on participants 

who had been medically diagnosed with stroke, either 

cortical or subcortical, and ischemic or hemorrhagic in 

nature. Participants were required to have completed more 

than six months of recovery and presented clinical 

symptoms of hemiplegia or hemiparesis. Additionally, the 

study included individuals over the age of 18 who were 

capable of understanding and following simple instructions. 

To ensure relevance, only articles published in 2022 were 

considered for inclusion. 

Type of intervention: the studies included the techniques of 

Core-Stability Exercises, Dance therapy program, Sitting 

Tai Chi, The interactive gaming intervention, Robotic-

assisted rehabilitation, cycle ergometry trainings. 

The Core-Stability Exercise Program targets abdominal, 

lower back, and hip muscles to improve balance, 

coordination, and strength in the trunk region. Exercises 

include planks, bridges, leg raises, pelvic tilts, sit-to-stand 

movements, and seated trunk rotations, with video 

demonstrations and step-by-step instructions provided 

through app (fig 1). 
 

 
 

Fig 1: Core Stability Exercise Protocol for Stroke Patients. 
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Participants perform exercises 3-5 times/week, 30-45 

minutes/session, with gradual intensity increases. The app 

offers real-time feedback via motion-sensing technology or 

video submissions, regular check-ins for adherence, and 

progress tracking. Specific exercise instructions include: 

planks (30-60 seconds), bridges (3 sets of 10-15 reps), leg 

raises (3 sets of 10-15 reps), pelvic tilts (3 sets of 10-15 

reps), sit-to-stand movements (3 sets of 10-15 reps), and 

seated trunk rotations (3 sets of 10-15 reps).  

Dance therapy program is tailored to target trunk and lower 

body movements aimed at improving postural stability, 

coordination, and balance. The sessions are conducted 

remotely via video conferencing platforms, allowing 

patients to participate from their homes under the guidance 

of a trained therapist who provides real-time feedback. 

Each session lasts 30 to 60 minutes and typically occurs 

multiple times per week. The sessions consist of warm-up 

exercises, core dance movements focusing on trunk and 

balance control, and a cool-down phase. Therapists monitor 

patients’ progress using standardized tools, such as the 

Trunk Impairment Scale and the Berg Balance Scale, to 

measure improvements over time. Feedback from the 

patients on the exercises and the telerehabilitation 

technology is regularly gathered to adjust the program as 

needed.  

Sitting Tai Chi is a modified version of traditional Tai Chi, 

designed for stroke survivors. The practice begins with the 

individual sitting comfortably in a chair, feet flat on the 

floor, back straight, and shoulders relaxed to promote good 

posture and balance. A typical session starts 
 

 
 

Fig 2: Sitting Tai Chi Movements. 

 

with warm-up exercises, including neck rolls, shoulder 

rolls, and deep breathing to prepare the body. The core of 

Sitting Tai Chi involves slow, flowing movements 

coordinated with deep breathing, focusing on the upper 

body while keeping the lower body stable (fig 2). Examples 

of these movements include "Wave Hands Like Clouds," 

where the hands move in a circular motion; "Grasp the 

Sparrow’s Tail," which involves arm extensions and gentle 

trunk twists; and "Single Whip," extending one arm to the 

side with a torso turn. Breathing is synchronized with the 

movements, such as inhaling while raising the arms and 

exhaling while lowering them, fostering relaxation and 

mindfulness. At the end of each session, participants 

perform cool-down exercises, including gentle stretches 

and controlled breathing to promote relaxation.  

The interactive gaming intervention involved participants 

with chronic stroke engaging with a gaming system 

designed to improve upper-limb and trunk motor function. 

The rehabilitation-focused games included tasks like 

reaching, grasping, and trunk rotation, with sessions held 

several times per week, lasting 30 to 60 minutes, over a 

period of 4 to 8 weeks. The games were progressively 

adjusted in difficulty based on the participant’s 

performance and provided real-time visual or auditory 

feedback to help refine their movements. The intervention 

emphasized high repetitions of targeted movements to 

promote motor recovery. Kinematic data was collected 

before and after the intervention using motion capture to 

assess improvements in movement accuracy, speed, and 

coordination. Additionally, functional assessments were 

conducted to evaluate realworld motor function.  

Robotic-assisted rehabilitation for balance in stroke 

patients involves the use of specialized robotic devices that 

guide patients through balance exercises while integrating 

cognitive tasks to enhance motor skills. Patients participate 

in therapy 2-3 times per week, with some protocols 

including daily sessions, each lasting 30 to 60 minutes. The 

total treatment duration generally spans 4 to 12 weeks. 

Patients usually start in a standing position with robotic 

support or may begin sitting for initial assessments. 

Common exercises include standing balance tasks on flat or 

unstable surfaces and single-leg stances to improve stability 

and strength. Dynamic movement exercises involve 

walking in various directions and navigating obstacles to 
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simulate reallife situations. Functional reach exercises 

focus on reaching for objects at different heights and 

shifting weight between legs to strengthen core muscles. 

Resistance training, including leg strengthening exercises, 

is also incorporated to build lower limb strength. Finally, 

task-specific training allows patients to practice daily living 

activities, tailored to individual needs.  

Patients engaged in cycle ergometry while positioned in 

bed or sitting upright, facilitating a safe environment for 

low-impact cardiovascular exercise. The sessions were 

conducted daily or several times a week, each lasting 

between 15 and 30 minutes, based on the patient's 

individual tolerance and physical condition. The intensity 

of the cycling was adjusted to match the capabilities of 

each participant. This structured approach aimed to 

improve the patients' sitting and standing abilities, 

encourage early mobilization, and support overall 

functional recovery during the critical acute phase of stroke 

rehabilitation.  

Type of participants: This study included medical 

diagnosis of stroke with cortical or subcortical, ischemic or 

haemorrhagic involvement with more than 6 months of 

recovery, clinical symptoms of hemiplegia or hemiparesis , 

being over 18 years of age, have the ability to understand 

and execute simple instructions.  

Outcome Measures: The outcome measures include the 

Trunk Impairment Scale (TIS) for trunk control, kinematic 

analysis for upper-limb and trunk movements, the Berg 

Balance Scale (BBS) and Sitting Balance Scale (SBS) for 

balance, and the 10-Meter Walk Test (10MWT) and Timed 

Up and Go (TUG) for gait performance. Cognitive function 

is assessed using the Montreal Cognitive Assessment 

(MoCA), and overall functionality with the Functional 

Independence Measure (FIM).  

Study selection process: The study selection process 

involved conducting a web-based search in the PubMed 

database using the keywords "Stroke," "Trunk Control," 

"Balance," "Daily activities," and "Rehabilitation," which 

resulted in a total of 26 articles being identified for 

potential inclusion in the study. 

 

Results  

A literature review was conducted using the PubMed 

database, applying keywords related to stroke 

rehabilitation: *Stroke, Trunk Control, Balance, Daily 

Activities, and Rehabilitation*. After applying inclusion 

and exclusion criteria, 26 articles were identified, of which 

6 were included for detailed analysis. The six selected 

studies involved a total of 284 stroke patients.  

 

 
 

Fig 3: Flowchart Of Data Extraction. 

 

Discussion  

The overall study is to find effectiveness of trunk training 

to improve balance and gait performance among stroke 

survivors.  

The study by Carina Salgueiro et al. Found the 

effectiveness of telerehabilitation using the Farmalarm App 

for delivering Core Stability Exercises (CSE) to improve 

trunk function and sitting balance in chronic stroke patients 

[4]. Similar to Cabrera-Martos et al. (2023), CSE was 

found to enhance trunk performance, but challenges like 

low adherence due to the high exercise demand and app 

issues were identified [11]. While telerehabilitation shows 

promise, face-toface therapy still holds higher patient 

satisfaction. The study emphasizes that long-term success 

depends on patient adherence and self-responsibility in 

recovery [4].  

Dance therapy (DT) improves balance and gait 

performance through several mechanisms, as noted by 
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various authors. Lee et al. (2022) found that DT enhances 

overall physical engagement and body awareness, leading 

to improved stability and coordination [2]. Demers et al. 

(2022)  

emphasized that subacute stroke patients benefit more from 

DT due to increased  

neuroplasticity, which allows for better adaptation and 

recovery of motor functions, enhancing balance [12]. 

Subramaniam et al. (2022) pointed out that integrating 

virtual reality into DT boosts patient motivation, 

encouraging more active participation, which positively 

impacts balance and gait [13]. Hackney et al. (2022) 

provided evidence that DT contributes to improved 

dynamic balance, as demonstrated by better performance in 

the Timed Up and Go (TUG) test, which assesses mobility 

and gait [14]. Overall, DT promotes core stability, weight 

shifting, and coordination through rhythmic movement and 

social interaction, all of which are essential for improving 

balance and gait in stroke patients [2].  

Tai Chi is used for improving balance and gait 

performance, as studied by Zhao et al. (2022), who found 

significant enhancements in balance control and overall 

recovery among subacute stroke survivors. Their research 

highlights how Tai Chi's slow, controlled movements foster 

core stability, coordination, and weight shifting, ultimately 

leading to improved body awareness and postural control 

[5]. Supporting these findings, Gao et al. (2022) noted 

enhancements in balance, emphasizing the importance of 

social interaction in Tai Chi practice, which can further 

motivate participation and improve outcomes [16]. And 

they recognized that the engaging nature of Tai Chi, with 

its rhythmic movements and focus on mindfulness, 

enhances patient adherence, contributing to better 

rehabilitation results. Together, these studies underscore the 

potential of Tai Chi as an effective intervention in stroke 

rehabilitation [5].  

Maxime Térémetz et al. (2022) studied the effectiveness of 

Wii gaming versus conventional therapy for chronic stroke 

patients but found no significant differences in elbow 

extension or trunk motion, aligning with Michaelsen et al., 

who noted that task difficulty influences outcomes [17]. 

The authors attributed the lack of improvement to 

insufficient therapy duration, as suggested by Tedesco et al. 

[18] and Tzeng et al. [19], Participants expressed a 

preference for conventional therapy, indicating that richer 

interactions enhance satisfaction. Limitations, including 

low training dosage and late participant selection, support 

Kwakkel et al.’s emphasis on intensive therapy for 

meaningful recovery[20]. While the gaming technique did 

not show significant improvements, it underscores the need 

for further research on optimizing therapy duration and 

intensity to enhance gait and balance in stroke 

rehabilitation.  

The study by L Castelli et al. examined the impact of 

Hunova robotic balance therapy alongside conventional 

therapy on stroke patients. They found that this 

combination led to improvements in both motor and 

cognitive functions. Notably, participants showed 

enhancements in cognitive skills like executive functioning 

and processing speed, which support the brain adaptation 

theory and highlight the role of cognitive reserve in 

recovery. The robotic therapy also resulted in significant 

gains in balance and lower limb function, consistent with 

earlier findings by Aprile et al. (2020) [21]. These 

improvements indicate that incorporating robotic 

technology can enhance trunk training by offering targeted 

and adaptive exercises that help improve balance and motor 

control, aiding overall recovery in stroke patients. 

However, the authors noted some limitations, such as a 

small sample size and the absence of follow-up 

evaluations[8].  

The study by Bharti et al. (2022) Found the effects of early 

bedside arm and leg cycle ergometry combined with 

conventional therapy on sitting and standing abilities in 

acute stroke patients. The results showed significant 

improvements in these abilities. Supporting this, Katz-

Leurer et al. found that cycle ergometry effectively 

enhances motor function and trunk control in subacute 

stroke patients[22]. Similarly, Diserens K et al. highlighted 

that cycle ergometry promotes motor recovery through 

aerobic exercise and increased cortical activation[23]. Both 

of these studies support Bharti et al.'s findings, which 

indicate better improvements in motor function, strength, 

and balance in the group receiving the intervention. 

However, the authors noted limitations, including a short 

intervention duration and no follow-up assessments, 

suggesting that further research is needed to confirm these 

results[7].  

 

Clinical Relevance  

This study underscores the value of trunk training 

interventions—such as core stability exercises, dance 

therapy, and robotic-assisted rehabilitation—in improving 

balance, gait, and motor function in stroke patients. By 

enhancing postural control and mobility, these targeted 

approaches aid in daily functioning, supporting long-term 

recovery and independence in stroke rehabilitation.   

 

Conclusion  

The study concludes that core stability exercises, dance 

therapy, Tai Chi, gaming therapy, and robotic-assisted 

rehabilitation, enhance trunk control, balance, and motor 

recovery in stroke survivors. Robotic-assisted therapy and 

early cycle ergometry provide more notable benefits for 

balance and motor function, especially in elderly and acute 

stroke patients.  
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