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1. INTRODUCTION 

1.1  Stroke 

 Stroke is one of the most frequent diseases that interfere with independent activity of 

daily living leading to disability, resulting in activity limitations and/or participation 

restriction (Powers et al., 2018).  

 The World Health Organization (WHO) defined stroke as "rapidly developed clinical 

signs of focal (or global) disturbance of cerebral function, lasting more than 24 hours or 

leading to death, with no apparent cause other than of vascular origin" (Hatano, 1976). It 

includes cerebral infarction, intracerebral haemorrhage and subarachnoid haemorrhage, but 

not transient ischemic attack. Since the old definition is mainly clinical, The Stroke Council 

of the American Heart Association/American Stroke Association developed an expert 

consensus document for an updated definition of stroke for the 21st century, including the 

definition of central nervous system infarction, ischemic and hemorrhagic stroke.  "CNS 

infarction is brain, spinal cord, or retinal cell death attributable to ischemia, based on (1) 

pathological, imaging, or other objective evidence of cerebral, spinal cord, or retinal focal 

ischemic injury in a defined vascular distribution; or (2) clinical evidence of cerebral, spinal 

cord, or retinal focal ischemic injury based on symptoms persisting ≥24 hours or until death, 

and other aetiologies excluded." (Note: CNS infarction includes hemorrhagic 

infarctions.)(Sacco et al., 2013).  

 Stroke is the major cause of disability and death worldwide, and the economic costs of 

post-stroke treatment and care are significant. The Global Burden of Diseases, Injuries, and 

Risk Factors Study (GBD) statistics showed in 2019 that there were 6.5 million (6.00 to 7.2) 

deaths and 143 million (133 to 153) Disability-Adjusted Life Years (DALYs) due to stroke 

(GBD 2019 Stroke Collaborators, 2021). In Hungary there were 13,188 deaths and 40,003 

incident cases in 2016 (GBD 2016 Stroke Collaborators, 2019).  Specialized stroke units as 

well as early rehabilitation reduced the stroke mortality and morbidity, but the overall burden 

of stroke is still high (GBD 2016 Stroke Collaborators).  

 According to its pathomechanism, the 80-85% of acute cerebrovascular accidents 

occur due to occlusion in the brain vessels (thrombosis, lacunar infarct, embolism, or 

hemodynamic stroke) caused by focal cerebral, spinal, or retinal infarction, while 15-20% 

have haemorrhagic origin including intracerebral hemorrhage caused by a focal collection of 

blood within the brain parenchyma or ventricular system and subarachnoid hemorrhage due to 
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the bleeding into the subarachnoid space. None of them is caused by trauma (Sacco et al., 

2013; Magyar Stroke Társaság, 2017).   

 The signs of stroke depend significantly on the localization of the impairment. The site 

of the lesion will determine the symptoms and impairments (Puthenpurakal and Crussel, 

2017). The five most common and warning signs may be/are: 

 

1. sudden numbness of the face, arm or leg, affecting only one side of the body 

2. sudden development of trouble with speaking and understanding 

3. sudden visual problem (seeing) 

4. sudden problem with walking, balance and co-ordination 

5. sudden severe headache 

 

 Stroke patients can have different symptoms, depending on the location of the cerebral 

injury, including not only motor, but sensory, perceptual and/or cognitive impairments which 

should be considered during the rehabilitation. However, one of the main and most frequent 

symptoms is motor impairment, which will affect activity and participation (Kwakkel et al., 

2004). Motor impairment affects mainly one side of the body (face, arm, leg and trunk) and it 

can be observed in 80% of the patients (Warlow et al., 2008; Pollock et al., 2014). About two 

thirds of stroke patients have initial problems with mobility, balance and/or poor postural 

control (Jorgensen et al., 1995; Shaughnessy et al., 2005; Tyson et al., 2006). 

According to the Guidelines for the Early Management of Patients with Acute 

Ischemic Stroke the onset-to-door time should be ≤3 hours while the more rapid treatment the 

door-to-needle (DTN) time should be within 60 minutes (Magyar Stroke Társaság, 2017). 

Rapid recognition of the signs of stroke is crucial for optimal care and for better outcome 

(McElveen and Macko, 2009). It is very important that people should be educated about the 

signs of stroke to be able to recognise it early, because prompt treatment within the 

therapeutic window leads to bigger proportional benefits. Therefore, recently there have been 

campaigns to increase awareness for the recognition of stroke symptoms and for early arrival 

at hospital. 

The medical treatment of stroke involves thrombolysis and/or thrombectomy with a stent, 

and a wide range of drug treatments, however, the rehabilitation has also a very important role 

in this respect. Some signs may improve spontaneously within the first 3 months and then 

more slowly in the coming years. This might be due to the reversible impairments of neurons 
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close to the centre of injury (penumbra) and the plasticity of the CNS. However, this process 

can be increased significantly with different rehabilitation methods.  

1.2  Rehabilitation  

 ”Rehabilitation is a set of measures that assists individuals who experience, or are 

likely to experience disability, to achieve and maintain optimal functioning in interaction with 

their environments” (WHO, 2011). Therefore, it can be considered as a re-adaptive process, 

where the disabled person adapts to his/her set of values to a different, more restricted life 

situation.” The definition emphasizes that disability is something experienced, i.e., subjective. 

It requires changing the individual’s environment, e.g., by housing adaptation and the 

education of the family to change attitudes which are also part of rehabilitation. 

 Rehabilitation focuses not only on the symptoms of the diseases, but primarily on the 

activity limitations and participation restriction; therefore, it is rather a process than a series of 

treatment sessions. It should be emphasized that rehabilitation is not a disability-specific 

service for those with long-term impairments. It is not a service only for people with physical 

impairments. "Rather, rehabilitation is a core part of effective health care for anyone with a 

health condition, acute or chronic, impairment or injury that limits functioning, and as such 

should be available for anyone who needs it" (WHO, 2017).  

Basically, rehabilitation is an investment with benefits for both the individual and 

society. It can reduce the length of hospital stay, can prevent re-admission, and can help with 

the avoidance of hospitalization. It can support the individual to be more independent at 

home, and to decrease the need for financial or personal/caregiver support.  

Stroke rehabilitation is very important for recovery and for reducing the long-term 

consequences of stroke and to improve the patients' quality of life; and should start as early as 

possible (Bernhardt et al., 2009). Stroke rehabilitation focuses on the optimization of 

functional performance and on the improvement of independence level. It is not administered 

to the patient, but it is performed  together with the patient, family members, caregivers and 

the process is supported/ guided by professionals - doctors, nurses, physiotherapists, speech 

therapists, social workers, psychologists, caregivers, occupational therapists - since 

rehabilitation including stroke rehabilitation requires team work (Barnes, 2003).  

In most cases one of the main goals of physiotherapy is to improve walking and 

balance to alleviate activity limitations and to reach the highest possible level of functional 

independence (Langhorne et al., 2009).  



 

1.2.1   Rehabilitation and the International Classification of Functioning (ICF)

 In "Rehabilitation 2030 call for action" rehabilitation is determined as a set of 

interventions designed to optimize functioning and reduce disabi

conditions in interaction with their environment (WHO, 2017). 

 In this paper "Rehabilitation is characterized by interventions that address 

impairments, activity limitations and participation restrictions, as well as person

environmental factors (including assistive technology) that have an impact on functioning. 

Rehabilitation is a highly person

health condition(s) as well as goals and preferences of the user

 The definition is strongly related to The International Classification of Functioning, 

Disability and Health (ICF): "ICF is a framework for organising and documenting information 

on functioning and disability. It conceptualises functioning

a person’s health condition, environmental factors and personal factors." (WHO 2001).

 

 

 

Figure 1.  ICF framework
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In "Rehabilitation 2030 call for action" rehabilitation is determined as a set of 
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In this paper "Rehabilitation is characterized by interventions that address 

impairments, activity limitations and participation restrictions, as well as person
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 Regarding  postural control and weight bearing in stroke patients, the ICF framework 

presents impairments in Body functions and structures domain, activity limitations and the 

participation restrictions.  Personal and environmental factors are also included.  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 2. ICF framework for stroke (Physiopedia)  
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1.3  The main physiotherapeutic approaches applied in stroke rehabilitation 

 Various approaches may be applied by physiotherapists in stroke rehabilitation; 

however there are controversies and debates about the effectiveness of the different methods. 

It seems that there is no approach that would be superior to others. Physiotherapists use 

different approaches rather according to their personal preference than scientific rationale. 

However, physiotherapists should rely on their clinical reasoning process and skill to select 

the appropriate treatment option to their patients’ needs and goals. It should not be forgotten 

that there are still many fields within physiotherapy interventions where there is no evidence, 

or the results are conflicting. Furthermore, evidence-based practice includes not only 

scientific proof, but also experts’ opinions and patients’ values or preferences (Bernhardt and 

Legg, 2009). 

Before the 1940s, patients with hemiparesis were treated mainly according to 

orthopaedic principles to improve the compensatory abilities of the non-affected side. In the 

1950s and 1960s, neurological physiotherapy developed, and new approaches were 

introduced including Rood, Proprioceptive Neuromuscular Facilitation, Bobath, Brunnstrom 

methods/concepts, emphasizing the recovery and the use of the paretic side (Partridge, 1996). 

Later, in the late 1970s and early 80s, motor learning (Turnbull, 1982) and motor relearning 

approaches were introduced (Carr and Shepherd, 1982). The task-oriented training in relation 

to motor control was  described by Horak (Horak, 1991), and later Shumway-Cook and 

Woollacott have given more details about the practical implementation where the movements 

based on the  interplay of many systems  resulting in the interactions of the individual, task 

(functional goal) and the environment (Schumway-Cook and Woollacott, 2001). 

           Since that time numerous other methods have been developed, which were based on 

old concepts, but involved new neurophysiological knowledge. 

           Technological development has also play an important role in the rehabilitation of 

neurological patients such as robot technology, treadmill training, virtual reality and mental 

imagery. 
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1.3.1  Neurophysiological approaches 

Rood approach 

 Developed in the 1940s by Margaret Rood, the Rood approach is a neurophysiological 

method for the treatment of central nervous system disorders (Rood, 1954).  Rood's basic 

concept was that “motor patterns are developed from primitive reflexes through proper 

sensory stimuli to the appropriate sensory receptors in normal sequential developmental 

pattern to improve motor performance". Normalization of tone, ontogenic developmental 

sequence, purposeful movement and repetition or practice are the basic principles of the 

method. 

Proprioceptive Neuromuscular Facilitation (PNF) 

Herman Kabat worked out the proprioceptive facilitation method in the 1940s with 

Margaret Knott, and it was further developed by Margaret Knott. It was complemented by the 

expression “neuromuscular” by Dorothy Voss in the 50s. As the name of this method 

suggests, sensory information is used for improving neuromuscular control with facilitation 

guided by the therapist, which makes the performance of patients (movement, function) 

easier. The concept includes manual, verbal, visual facilitation and different kinds of 

stimulations through given patterns in a functional way facilitating functional movements 

(Voss et al., 1985, Adler et al., 2014). The PNF movement patterns are composed of 

multijoint, multiplanar, diagonal, and rotational movements of the extremities, trunk and 

neck. 

Bobath concept  

 While in the early 1950's stroke rehabilitation was based on the emphasis of the 

compensatory patterns, i.e. the use of the non-affected side to compensate the affected/paretic 

side dysfunctions, with the appearance of the Bobath concept in the 50's, attention was moved 

to the use of the affected/paretic side in order to use and improve its capacity and potential 

(Bobath B, 1990; Graham JV et al., 2009). Mrs. Bobath first publication on the concept was in 

1948 (Bobath B: A new treatment of lesions of the upper motor neuron. Brithis J Phys Med. 

1948;1-2:26-29.). Mrs. Bobath recognized that afferent inputs influenced the movements 

appearing after central nervous system lesion (Vaughan-Graham et al., 2015/a) as it is written 

in Mulder’s and Hostenbach’s work stating that “Without information, (sensory input) there is 

no control, no learning, no change, no improvement.” (Mulder and Hostenbach, 2003). 
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Mrs. Bobath also found that there was capacity in the affected side, although at that 

time there was no evidence for neuronal plasticity (Vaughan-Graham et al., 2015/b). 

Nowadays the Bobath concept is one of the most widely used approaches in stroke 

rehabilitation worldwide, e.g. from the 1990s the Bobath concept has been the most widely 

used one in Sweden, Australia and in the UK (Pollock et al., 2007). The reason behind it 

might be - as Mrs Bobath stated - that “the Bobath Concept is far-reaching and open, it 

enables us to go on learning and to follow continuous scientific development” (Graham JV et 

al., 2009).  

In stroke rehabilitation, therapists often use the Bobath concept for the treatment of 

patients with hemiparesis. In earlier definition: „ ... the Bobath concept is a problem-solving 

approach for the assessment and treatment of individuals with disturbances of function, 

movement, and postural control due to a lesion of the central nervous system.” (Graham JV et 

al., 2009).  

The recent definition of Bobath concept is: „The Bobath Concept is an inclusive, 

individualized therapeutic approach to optimize movement recovery and potential for persons 

with neurological pathophysiology informed by contemporary movement and neuro-sciences. 

The concept provides a framework for the analysis of functional movement based on the 

understanding that neurological pathology affects the whole person.” (Vaughan-Graham et al., 

2019). 

 Therefore we can say that „The Bobath concept is not a series of pre-determined 

interventions or techniques, but it is specific to the individual, and is an intervention, which is 

dependent upon the therapist’s clinical reasoning with respect to the movement problem.” 

(Cott et al., 2011; Vaughan-Graham & Cott, 2016). According to the above mentioned 

definition and characteristics of the concept the Bobath concept „ .... may be defined as an 

inclusive and individualized method addressing the whole person, including their sensory, 

motor and cognitive/perceptual function, not just one body segment within the context of the 

individual’s goals and environment.” (Vaughan-Graham et al., 2019). 

 The postural control within the Bobath concept is viewed „ .... as the organization of 

stability, mobility, and orientation of multi-joint kinetic chain, which is reflective of the 

individual’s body schema in order to maintain, achieve or restore a state of equilibrium during 

any posture or activity." (Vaughan-Graham and Cott, 2016). 
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Bobath therapists consider primarily the following items for the acquisition of postural 

control:  

 a) the general alignment of the person’s whole body and limbs, and the alignment 

      within the trunk, limb and/or limbs (Vaughan-Graham et al., 2016) and  

b) the ability of the persons to selectively adapt the motor activity and align their  

    body segments with respect to a supporting surface, gravity, and the context. 

 The evaluations of these functions provide critical data about the ability of the person 

to receive, integrate, and selectively adapt to sensory information in order to maintain, 

achieve, or restore equilibrium with any posture or task (Vaughan-Graham and Cott, 2016).” 

 In the Bobath concept it is emphasized that interventions should result in the 

improvement of the quality/efficiency of movement and in significant and meaningful 

changes in the patients’ and their caregivers’ life. (Vaughan-Graham et al., 2015/a).  

During treatment, besides aiming at symmetrical vertical position, it is essential that 

the patient should have an initial position with the best possible alignment and good stability 

that is appropriate for the task and gravity (Shumway-Cook and Woollacott, 2007/b). 

Instability in the starting position will influence the performance of movement.   

Brunnstrom approach 

This method was developed by a Swedish physical therapist named Signe Brunnstrom 

in the 1960s (Brunnstrom, 1970). The Brunnstrom approach emphasises the ability to recover 

normal movement by facilitating reflexes, basic muscle synergies and sensory stimulation. 

According to the approach principles, the recovery process has a certain sequence as follows:  

1. Immediately after the onset of injury there may be no "voluntary" movement. 

2. Spasticity appears, basic movement reflexes appear. 

3. Patients begins to gain voluntary control over their reflexes. This may cause an increase in 

spasticity. 

4. Basic movement patterns are developed. This leads to a reduction in spasticity. 

As progress continues, more complex movement patterns are learnt and there is further 

decrease in spasticity. 

5. Spasticity disappears and individual movements become possible and co-ordination 

approaches normal. 

6. Normal function is restored. 

The treatment should be applied according to the stages listed above.  
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Motor relearning program  

            The Motor Relearning Program was developed by two Australian physiotherapists 

called Janet Carr and Roberta Shepherd in the 1980s (Carr and Shepherd, 1982). It is a task-

oriented approach to improve motor control focusing on the relearning of daily activities. It 

incorporates functional training for basic motor tasks such as sitting, standing up, standing, 

walking, and reaching. It applies task-specific activities which can improve specific motor 

skills needed for the task performance. The motor tasks are practised in a context which is 

task-or environment-specific to enhance relearning. Compensatory patterns are allowed. 

Task-oriented training/approach 

Horak described task-oriented training in 1991 (Horak, 1991). Her work based on 

Gordon’s previous scientific work. In the task‐oriented approach, the movement is organized 

around the task/functional goal and constrained by the environment (Schumway-Cook and 

Woollacott, 2007/a). It includes a wide range of interventions such as treadmill, walking, 

bicycling, endurance and circuit trainings, sit-to-stand exercises, and reaching tasks for 

improving balance. Such trainings are task-and patient-, but not therapist- focused. Task-

specific training, also referred to as task-oriented, goal-directed, or functional task practice, 

involves therapy in which patients perform practical motor tasks that would be used in their 

everyday life, such as walking up stairs. Tasks should be relevant, repetitive, and their 

sequence should progress to the whole task performance (Schumway-Cook and Woollacott, 

2007/a, Hubbard et al., 2009). 

1.3.2   Technological approaches 

Together with the development of technology, robotic-based therapy, non-invasive 

brain stimulation, and neural interfaces can be used as additional therapies. Researchers have 

proved that neuromodulation, biofeedback recordings and/or novel robotic and wearable 

assistive devices can improve the degree of recovery with respect to traditional treatment 

(Semprini et al., 2018). 

Considerable debate continues among physiotherapists about the relative benefits of 

different approaches; therefore, there is no agreement on the selection from the different 

approaches.  

 Current evidence suggests that physiotherapy in the process of rehabilitation should 

include a mixture of components from different approaches, which is more effective for the 

recovery of function and mobility after stroke. It is claimed that physical rehabilitation should 
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not be limited to any named approaches, but it should comprise clearly defined, well-

described, evidenced-based physical treatment interventions, independently of their historical 

or philosophical origin (Pollock et al., 2014).  Physiotherapists should incorporate a wide 

range of strategies that are supported by evidence in order to provide evidence-based practice. 

Physiotherapy should be based on a clinical reasoning process which will determine the 

appropriate treatment intervention according to the patients’ goal and needs.  

 According to Lennon and Bassile (2009), there are eight principles in neurological 

physiotherapy that should be considered for providing evidence-based practice and for the 

treatment plan (Lennon and Bassile, 2009).  

 Principle 1 is the use of the dimensions of International Classification of 

Functioning, Disability and Health, especially the activity and participation as the domains 

of the patients' goal where the therapist should find the limitations and restrictions and the 

potentials to provide the best possible results via intervention.   

 Principle 2 is team work, which is a key element of the process of rehabilitation and 

can underlie the holistic approach, and it can contribute to the patient's optimal functional 

level and independence.  

 Principle 3 includes patient-centred care considering not only the patients’ needs, but 

patients and caregivers should be involved in the process as active participants (decision about 

the goal), where the patient should take part as a problem solver and decision maker. 

 Neural plasticity, principle 4, should also be included in the treatment plan and 

implementation considering the principles of plasticity and supporting the recovery rather 

than compensation.  

 Principle 5 applies to the system model of motor control, which emphasizes the 

interaction between the individual, the task and the environment. The therapist may/should 

change the task and the environment in such a way that the patient can accomplish the task. 

 Functional movement re-education (principle 6) and skill acquisition (principle 7) 

are also important components, and are closely related to motor learning.  

            Finally, the self-management principle (principle 8) has received more attention 

recently. It emphasizes the patient's responsibility especially in chronic, long-term condition.  
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1.4  Postural control  

 One of the main functions of the CNS is the organization of information coming from 

different sensory systems including visual, somatosensory (tactile and proprioceptive) and 

vestibular ones. The CNS constantly weighs and integrates this information in relation to 

postural control. Which is necessary for the determination of the body position in space in 

relation to gravity and the environment (Shumway-Cook and Woollacott, 2007/b).  

 Visual inputs deliver the information about the reference points and about the 

surrounding environment, space, and also verticality through vertical objects as the frame of 

verticality (Horak, 2006). It is important for anticipatory postural adjustments (feed-forward 

mechanisms). The somatosensory system provides signals about the body position and motion 

with reference to the supporting surface and the body position in relation to space and gravity. 

The tactile input from the sole of the foot will provide information for postural control and 

verticality as well as proprioceptive inputs which are also essential for the control of posture 

(Kavounoudias et al., 2001; Lajoie et al., 2012). The third source of information is vestibular 

information about the head positions and movements with respect to gravity and the 

environment. Thus, for keeping a static position, e.g. standing, the information originates 

primarily from the somatosensory receptors (tactile, proprioceptors), from body parts (foot 

and sole) contacted with the supporting surface and from the receptors in the vestibular 

system. 

 Postural control is a term used to describe the way the CNS control sensory 

information in order to produce adequate motor output to maintain controlled, upright posture, 

but can also be defined  as an „ ... act of maintaining, achieving or restoring a state of balance 

during any posture or activity” (Pollock et al., 2000).  It is a complex skill that relies on the 

interaction of multiple systems including movement and sensory strategies, biomechanical 

constraints, perception, cognitive processes and also the environmental context (Horak, 2006). 

Improving postural control is one of the main parts of physiotherapy interventions.  

 One of the main roles of postural control is orientation, which is also a multisystem 

function, including the alignment of the trunk and head in relation to gravity and the 

supporting surface. Postural alignment refers to the relationship between different body parts 

or the relationship of the body position to the Base of Support (BOS) and the relation of the 

centre of mass to the BOS. During standing, the BOS is most commonly represented by the 

feet in contact with the ground (Rogers et al., 2018). The foot is not a rigid base of support, 

but it is rather in an active, flexible state, and is sensitive to any perturbations even if the 
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entire hind and midfoot is supported and the ankle joint is unperturbed (Wright et al., 2012). 

The physical characteristics of the supporting surface will also affect balance. Other body 

surface contact with the environment (for example wall or table), even a light touch can 

reconfigure the BOS and will influence balance.   

 Anticipatory postural alignment should offer the background for planned and then 

executed activities. It is automatic according to the sensory information, the planning and the 

memory. The anticipatory postural mechanisms can be influenced by several factors, such as 

BOS, alignment, load, speed, prior knowledge, fear of falling (Santos et Aruin, 2009; Santos 

et al, 2010). 

 Besides anticipatory postural adjustments, compensatory postural adjustments as 

reactive strategies (feedback mechanisms), occur after perturbations, and they are responsible 

for the restoration of the centre of mass (Santos et al, 2010, Shumway-Cook and Woollacott, 

2007/b). However, it should be mentioned that clinically, movement and posture can be 

viewed as inseparably and interdependent. (Vaughan-Graham and Cott, 2016). 

     1.4.1  Postural control and weight bearing 

 Symmetry in relation to  body weight refers to the distribution of the body mass 

between the two sides of the body, and it can be considered as one aspect of postural control 

(Stamer M, 2016). Slight asymmetry can be expected in healthy individuals, while marked 

asymmetry can be observed in patients with neurological impairments, especially in stroke 

patients, where stroke affects balance responses and causes insufficiency in postural 

adjustment and/or initiation of movements, including weight shift, leading to increased risk of 

falling. (Pai et al., 1994; Goldie et al., 1996/a; Turnbull et al., 1996; Stamer, 2016).  

Postural control and the optimal alignment of the trunk during quiet standing (as the 

starting position: SP) and the following lateral weight shift (WS) require normal sensory and 

motor processing and proper interaction between the musculoskeletal and nervous systems 

(Ryerson and Levit, 1997; Mudie et al., 2002).  

Controlled trunk stability and mobility including weight shifting are essential 

components of balance and/or postural control for everyday activities (Eng and Chu, 2002; de 

Haart et al., 2005). Even slight impairments of these functions may lead to functional 

asymmetry (Blaszczyk et al., 2000). After stroke usually one side of the body is much more 

involved, and this will lead to asymmetrical weight bearing in standing and problems with 

balance.  
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Since most parts of the brain are involved in postural control, stroke is frequently 

accompanied by impaired postural control.  

 Postural impairments and asymmetry are common in stroke patients, and there is a 

correlation between asymmetry in weight bearing (WB) capacity and the severity of stroke 

(Dettman et al., 1987; Dickstein et al, 1994; Eng and Chu, 2002; de Haart et al., 2005). The 

majority of individuals having undergone stroke bear less weight on the paretic limb in 

standing positions (Bohannon and Larkin, 1985; Sackley et al., 1992; Laufer, 2003; Marigold 

and Eng, 2006), which is caused by alterations in muscle tone and strength (Bohannon and 

Andrew, 1995), the impaired sense of trunk position (Ryerson et al, 2008), poor postural 

control (Dickstein et al, 2004) and/or perceptual problems (Spinazzola et al., 2003; Barra et 

al., 2009). These impairments significantly interfere with everyday activities (Sackley et al., 

1992) therefore, physiotherapists, in order to improve balance and postural control, first have 

to pay attention to the assessment of the impairments related to the activity limitations to plan 

appropriate treatment, and, secondly, teach the patients how to avoid compensatory strategies, 

but not at the expense of functional activities (Ryerson et al., 2008; Levin et al., 2009). 

 To provide an appropriate rehabilitation approach and  evaluation of the efficiency of 

the therapy, a reliable method is required for the assessment of the impairments relating to 

postural control.  

 Several studies investigated the weight bearing and weight shifting abilities and the 

asymmetry of WB abilities in both healthy subjects and patients with different impairments. 

Alexander and Kinney LaPier studied the differences in static balance and weight distribution 

between normal subjects and subjects with chronic unilateral low back pain (Alexander and 

Kinney LaPier, 1998). Simon et al.  analysed it in transfemoral amputees (Simon et al., 2016). 

Christiansen et al. compared weight bearing asymmetry and functional mobility in people 

with knee osteoarthritis, and evaluated the factors predicting weight bearing asymmetry after 

total knee arthroplasty (Christiansen and Stevens-Lapsley, 2010; Christiansen et al., 2013). 

Many studies described weight bearing asymmetries in stroke patients. During these studies  

different ways and equipment were applied for measurements, which include clinical 

examination, bathroom scales, biofeedback systems and ambulatory devices, platforms 

(Hurkmans et al, 2003). However, most of these studies determined only movement quantity 

and functional mobility, or investigated asymmetry in relation to weight distribution on the 

lower extremities in stroke patients (Pai et al, 1994; Turnbull et al., 1996; Goldie et al., 

1996/b; Eng et al., 2002; Garland et al., 2003).  
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 Sophisticated methods were applied to underscore the importance of trunk alignment 

and weight bearing during quiet standing and the following weight shift in different directions 

(antero-posterior or medio-lateral) in healthy subjects (Day et al.,1993; Rietdyk et al., 1999; 

Blackburn et al., 2003; Tessem et al., 2007).  In most of these studies the hip and trunk were 

considered as one segment for the motion analysis. However, the postural control strategies 

both in the frontal and sagittal planes resulted from the hip (i.e. between the leg and pelvis) 

and trunk (i.e. between the vertebral column and the pelvis) movements (Day et al.,1993; 

Rietdyk et al., 1999; Blackburn et al., 2003). Day et al. described that during quiet standing 

the greatest amount of movement occurred between the trunk and the thighs. Rietdyk et al. 

suggested that in the frontal plane both the hip and trunk motion is was an integral part of 

postural control. Blackburn et al. outlined that trunk alignment and its adjustment during 

movements has a very important role in postural control (Day et al., 1993; Rietdyk et al., 

1999; Blackburn et al., 2003). Rietdyk et al. found that besides the hip the spine movements 

(lateral flexion of the lower trunk) act during loading and unloading the lower limbs as well 

(Rietdyk et al., 1999). In addition, their results showed that the stiffness control of balance, 

which does not directly involve the CNS and sensory systems, can provide, in theory, an 

appropriate corrective response. However, it should be claimed that the asymmetrical standing 

position will influence both the anticipatory and compensatory part of postural control and 

that it will also influence weight shift ability (Lee and Aruin, 2015).  
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2.  AIM AND HYPOTHESIS  

 Only few studies investigated trunk alignment in stroke patients (Ryerson, 2008; Yang 

et al., 2015; Karthikbabu et al., 2012). The characterization of the movement quality (postural 

control, trunk alignment) is essential for  planning appropriate physiotherapy, and to evaluate 

its’ efficiency. Detailed characterization of trunk alignment in different body positions would 

help with planning therapeutic approaches that would focus on trunk alignment, whereby 

compensatory/abnormal movement patterns (Levin et al., 2009) could be avoided, and a more 

efficient therapy would be possible. Evidence-based practice may also indicate appropriate 

measurements about the effectiveness of the treatment (Sackett et al., 1996; Fetters and 

Tilson, 2018). 

 To our knowledge, the exact description of trunk alignment in conjunction with weight 

bearing during different body positions has not so far been investigated either in healthy 

subjects or in patients with movement disorders.  

Therefore, our aims were: 

1. to characterize and compare weight bearing during quiet standing in healthy 

subjects and patients with stroke; 

2. to determine  trunk alignment during quiet standing in healthy subjects and 

patients with stroke; 

3. to reveal the changes in weight bearing during lateral weight shift in healthy 

subjects and patients with stroke; 

4. to describe the changes in trunk alignment during lateral weight shift in healthy 

subjects and patients with stroke; 

5. to describe the correlations between weight bearing and trunk alignment in healthy 

subjects and patients with stroke during quiet standing and lateral weight shift. 

 

 

  



17 
 

3.  METHOD 

3.1  Participants 

 Two groups of subjects (healthy controls and patients with stroke n=17-17) with 

comparable anthropometric parameters were involved in the study (Table 1). Participation 

was voluntary. All of the subjects gave their informed consent prior to participation in the 

study, which was approved by the local Institutional Ethics Committee and conformed to the 

Declaration of Helsinki in all respects.  

     Patients group: 

 In the patient group subjects with hemiparesis due to a single cerebrovascular accident 

between 3 and 45 months previously were included. The patients' physical function was not 

analysed in large detail, but they were eligible for the study if they were able to meet the 

following conditions: (1) at least 3 months had passed since their cerebrovascular event, (2) if 

they had hemiparesis (3) if they were able to stand independently, and (4) if they were free of 

any musculoskeletal or neurological disorder other than the cerebrovascular accident. 

     Control group: 

 The healthy controls, who participated in the study were matched for age and sex. The 

control subjects were free of any musculoskeletal or neurological disorder.  

 

Table 1. Demographic data of subjects involved in the study 

Group Age Body 

weight 

Height Sex Affected side 

 Mean (standard deviation) female male right left 

Controls  60 (2.5) 75 (4.0) 168 (2.5) 10 7   

Patients 78 (2.7) 59 (2.9) 167 (1.8) 8 9 10 7 
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3.2  Assessment of ground reaction force   

  All subjects were tested on a force platform (ZWE-PII Stabilometer; 50x50 cm; 

Elektro-Bionika LTD, Budapest, Hungary) to determine the weight load (as a measure of WB 

capability) of both legs, separately. The measurements were preceded by verbal instruction 

and demonstration of the actual task. Initially, the subjects were instructed to stand on the 

platform with their feet 10 cm apart with their arms by their side and to gaze at the wall 3 m in 

front of them (Goldie et al., 1996/a; Kim et al., 2014). Then, the subjects were asked to stand 

quietly while distributing the body weight equally on their lower extremities (starting 

position: SP). Next, the subjects were instructed to shift as much weight as possible onto the 

right leg without lifting off the left foot (weight shift position: WS), then return to SP. The 

next task was to shift as much weight as possible onto the left leg without lifting off the right 

foot (WS), and return to SP.  

 This sequence was repeated 3 times, and every position was held for 3 seconds. A 

demonstration of the task was given just prior to the trials together with short verbal 

directions, and the subjects also had a possibility to try the tasks before the test. All of the 

subjects could understand and perform the tasks. The experimenter remained near the subjects 

for safety purposes, but did not touch them. The movement of the patients was also recorded 

with a video camera, and the positions of the markers were analysed offline. 

In the WS position, the two sides were designated as loaded side (weight bearing side: WBS) 

and unloaded side (non-weight bearing side: NWBS). Ground reaction forces were 

determined for each leg in all positions and expressed as percentage of body weight (relative 

ground force: RGF).  

3.3  Estimation of trunk angles  

 To enable the description of trunk alignment in standing with different weight 

distribution on the lower extremities, five markers (circular patches of 4 cm diameter, white 

with black point (3 mm) in the middle) were placed on the subjects’ back (Figure 3).  

 The placement was based partially on earlier studies (Frigo et al., 2003; Vismara et al., 

2010), as follows: 

Marker 1 and 2: bilaterally and symmetrically on the posterior angle of the acromion (A); 

Marker 3: on the spinal process of the 7th thoracic vertebra (the apex of kyphosis; V); 

Marker 4 and 5: bilaterally and symmetrically at the level of the iliac crests (I). 
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 The angles of the trunk (Acromion–Vertebra–Iliac crest Angles: AVIAs; Figure 3) on 

both sides in the different positions were determined with the use of an angular dimension 

tool of Corel Draw (Corel Corp., Canada).  

 

 

Figure 3. Markers position and angles on the subject's back. 

3.4  Data and statistical analyses 

 Regarding SP, the mean of the first 3 measurements, and during 3 trials of WS, the 

mean of them were analysed. Asymmetry indices (AIs) were introduced based on a formula of 

symmetry index (Robinson et al., 1987). These indices measured the asymmetries of RGFs 

(Asymmetry Indices of Weight bearing: AIW) and AVIAs (Asymmetry Indices of Angles: 

AIA) on both sides.  

Data collection and analysis for starting position 

 Two categories were defined according to RGF: the more loaded side (MS) and the 

less loaded side (LS) for both groups. All of the patients had more load on their non-paretic 

side compared to the paretic side, therefore, the MS was the non-paretic side, while the LS 

was the paretic side. 

 



20 
 

The asymmetry index of WB in starting position (AIW-SP) was determined as follows: 

AIW-SP=([RGFMS-RGFLS]*100)/(0.5[RGFMS+RGFLS]) 

An asymmetry index for AVIAs in starting position (AIA-SP) was also calculated:  

AIA-SP=([AVIAMS-AVIALS]*100)/(0.5[AVIAMS+AVIALS]) 

 For both indices, zero indicates perfect symmetry; a positive score indicates a higher 

value on the MS, while a negative score indicates a lower value on the MS. 

       Data collection and analysis for weight shift 

 Four categories were introduced for WS. Two were based on the side of weight 

bearing (WBS vs. NWBS) and the categories were determined during SP (LS vs. MS): 

In the case of weight shift to the LS: WBS-LS and NWBS-MS 

In the case of weight shift to the MS: WBS-MS and NWBS-LS 

Regarding the weight bearing ability, asymmetry indices of RGF were introduced for both 

WS positions (WS to the LS or MS): 

AIW-WS-LS=([RGFWBS-LS-RGFNWBS-MS]*100)/(0.5[RGFWBS-LS+RGFNWBS-MS]), and 

AIW-WS-MS=([RGFWBS-MS-RGFNWBS-LS]*100)/(0.5[RGFWBS-MS+RGFNWBS-LS]), 

Since RGF was always higher on the WBS compared to the NWBS, these values were 

positive in both groups.  

 Regarding the analysis of the trunk angles in WS position, asymmetry indices were 

introduced as follows: 

AIA_WS_LS=([AVIAWBS-LS-AVIANWBS-MS]*100)/(0.5[AVIAWBS-LS+AVIANWBS-MS]), and 

AIA-WS-MS=([AVIAWBS-MS-AVIANWBS-LS]*100)/(0.5[AVIAWBS-MS+AVIANWBS-LS]),1 

where positive scores represent a greater angle on the WBS, ‘0’ represents perfect symmetry, 

while negative scores indicate a slighter angle on the WBS. 

                                                           
1Notes: AIW: Asymmetry Indices of Weight bearing; WS: Weight Shift; LS: Less loaded Side; AIA: 
Asymmetry Indices of Angles; RGF: Relative Ground Force; MS: More loaded Side; WBS: Weight 
Bearing Side; NWBS: Non-Weight Bearing Side; AVIA: Acromion-Vertebra-Iliac crest Angle 
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 To determine the degree of trunk elongation or shortening on both the WBS and 

NWBS and using SP as the baseline, an elongation index (EI) was introduced:  

EI-WBS=(AVIAWBS-AVIASP)2 

and 

EI-NWBS=(AVIANWBS-AVIASP)3 

A positive value means elongation, and a negative value means shortening at the given side. 

 Data are presented as mean±SEM. Since the data sets were not normally distributed, 

the non-parametric Mann-Whitney U test was used to compare the two groups, and the 

Wilcoxon matched pairs signed-rank test was applied to perform the within-subject 

comparisons.  

 To determine the significant asymmetry for the different parameters, t-test for single 

parameter compared to 0 was performed. To characterize correlations between the different 

parameters, Spearman’s rho was calculated. Statistical analyses were performed in 

STATISTICA for Windows 12.0 (Statistica Inc., Tulsa, Oklahoma, USA). A P value lower 

than 0.05, was considered significant. 

 

 

 

 

 

 

 

 

 

 

                                                           
2Notes: EI: Elongation Index; WBS: Weight Bearing Side; NWBS: Non-Weight Bearing Side;   
AVIA: Acromion -Vertebra -Iliac crest 
3Notes: EI: Elongation Index; WBS: Weight Bearing Side; NWBS: Non-Weight Bearing Side; AVIA: 
Acromion -Vertebra-Iliac crest 
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4.  RESULTS 

4.1  Analysis of the starting position 

 Regarding RGF, both groups exhibited significant differences between the two sides 

(Figure 4). Thus, the control subjects also have a more loaded side. However, there were 

significant differences between the two groups for both sides, i.e. the patients had 

significantly higher RGF at the MS (non-paretic side), while significantly lower values at the 

LS compared to controls. Therefore, AIW-SP values showed significant asymmetry for both 

groups, but they also indicated significant differences between the two groups with higher 

level of asymmetry in the patient group (Table 2). 

 

 

Figure 4. Relative ground force (RGF) during starting position at the more and 
less loaded sides (MS, LS, respectively) in patients and controls. 

* P<0.05 compared to the control group. #P<0.05 compared to the contralateral side 
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 As for the AVIAs, no significant differences were found between the two groups on 

either side; however, the patient group was characterized by significantly smaller AVIAs on 

the LS than on the MS (P<0.05) (Figure 5). Furthermore, the AIA-SP also showed significant 

differences between the two groups, and only the patients had significant asymmetry in this 

respect (in Table 2). 

 

             Figure 5. Trunk angles (AVIAs) on both sides in starting position. 
             * P<0.05 compared to the control group. #P<0.05 compared to the 
               contralateral side. (MS: More loaded Side; LS: Less loaded Side.) 

 

4.2  Analysis of weight shift position 

 Regarding the WS position, while both groups shifted significantly less weight on 

their LS than on the MS, the patients shifted a significantly smaller amount of weight on the 

LS compared to the controls (Figure 6). Thus, both groups were characterized by less 

asymmetry when shifting weight to LS than to MS, but the degree of the asymmetry was 

significantly lower in the patients when shifting weight to LS than in the control subjects 

(Table 2).  
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Figure 6. Relative ground force (RGF) following weight shifting to the more and 
less loaded sides (MS, LS, respectively) in patients and controls. 

* P<0.05 compared to the control group. #P<0.05 compared to the contralateral side. 
 

Table 2. The mean (95% confidence intervals) of asymmetry indices of weight distribution 
(AIW) and trunk angles (AIA) in healthy individuals and stroke patients.  
 

 
AIW AIA 

SP   

Control 7.±(4.5-9.6)x -2.4±(-6.6-1.9) 

Patients 25.6±(4.2-16.7)*x 4.5±(0.2-8.7)*x 

WS MS LS MS LS 

Control 141±(125.5-157.3)x 125±(105.8-144.4)#x -1.7±(-5.32-1.83) 4.7±(-1.63-10.93) 

Patients 125±(106.8-143.2)x 82±(62.7-103.2)*#x -0.5±(-6.17-5.21) -7.6±(-13.31- -1.99)*x  

*: significant difference from control subjects, #: significant difference from MS, x: significant 
asymmetry. Abbreviations: MS: more loaded side, LS: less loaded side, SP: starting position, 
WS: weight shift, AIA: Asymmetry index of Angles AIW: Asymmetry Index of Weight 
bearing 
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 Figure 7. Trunk angles (AVIAs) on both sides in weight shift (WS) position  
to the more loaded side.  

* P<0.05 compared to the control group. #P<0.05 compared to the contralateral side.  
(MS: More loaded side; LS: Less loaded side.) 

 

 

Figure 8. Trunk angles (AVIAs) on both sides in weight shift (WS) position  
to the less loaded side.  

* P<0.05 compared to the control group. #P<0.05 compared to the contralateral side.  
(MS: More loaded side; LS: Less loaded side.) 
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 Regarding the changes of AVIAs in WS position at the MS, there were no significant 

differences between the two sides (WBS and NWBS) and between the two groups (Figure 7). 

Therefore, the asymmetry index for the angles in WS to the MS did not reveal significant 

differences between the two groups. On the contrary, in the case of WS on the LS, the stroke 

patients showed a perfectly opposite trend in the angles at the two sides compared to the 

control group, i.e., the AVIA values increased on the NWBS and decreased on the WBS, thus 

a significant difference was detected between the NWBS and WBS values. In the control 

group the AVIAs slightly increased on the WBS and moderately decreased on the NWBS 

without significant differences between the two sides (Figure 8). In the AIA values the 

patients had a decrease, while the controls an increase in these parameters in WS to LS, 

therefore a significant difference was observed between the two groups, furthermore, 

significant asymmetry was detected only in the patient group (Table 2).  

 Regarding the elongation index of the trunk (EIs) only, the patients showed significant 

shortening on the WBS in WS to the LS (Figure 9 A-B). The photos in Figure 10 also display 

the differences between a patient and a control subject.  

 

 

Figure 9/A. Elongation indices on both sides during weight shift positions 
    to MS in patients and controls. *P<0.05 compared to the control group, 

    o P<0.05 compared to 0. #P<0.05 compared to the contralateral side. 
     (MS: More loaded side; LS: Less loaded side; WBS: Weight Bearing Side; 

NWBS: Non-Weight Bearing Side) 
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Figure 9/B. Elongation indices on both sides during weight shift positions  
to LS in patients and controls. *P<0.05 compared to the control group, 

oP<0.05 compared to 0. #P<0.05 compared to the contralateral side. 
(MS: More loaded side; LS: Less loaded side; WBS: Weight Bearing Side; 

NWBS: Non-Weight Bearing Side) 
 
 

 

Figure 10. Changes of trunk alignment during weight shifting: in a control 
 subject (top) and a stroke patient with right-sided hemiparesis (bottom). 

(SP: the starting position (quiet standing); L: shift to the left; R: shift to the right.) 
 



28 
 

4.3  Correlation analyses 

 No significant correlations were found between the different RGFs in either group. As 

for the correlation between AVIAs and RGFs, only few significant correlations were found 

(Table 3). Thus, during quiet standing, only the patients showed significant correlation 

between RGF and AVIA at the MS side.  

 During WS at LS, the control group showed significant a correlation between RGF-SP 

and AVIA at NWBS, and in the patient group inverse correlation was detected between  

RGF-WS-LS and AVIA at NWBS.  

 

Table 3. Correlations between relative ground force (RGF) and acromion-vertebra-iliac crest 
angle (AVIA) values. 

 RGF-SP RGF-WS AIW-SP 

 MS LS MS LS MS LS 

RGF-WS    

Control 0.14 0.30     

Patients -0.36 0.43     

AVIA-SP    

Control -0.10 -0.16 -0.03 0.44   

Patient 0.53* -0.04 -0.32 0.09   

AVIA-WS-WBS    

Control 0.02 -0.21 -0.10 0.32   

Patient 0.45 0.11 -0.17 0.29   

AVIA-WS-NWBS    

Control -0.09 0.55* 0.20 0.11   

Patient -0.17 -0.44 -0.09 -069*   

AIW-WS    

Control     -0.07 -0.35 

Patient     -0.22 -0,52* 

Abbreviations: MS: more loaded side, LS: less loaded side, SP: starting position, WS: weight 
shift, WBS: weigh bearing side, NWBS: non-weight bearing side, AIW: asymmetry index of 
weight bearing 
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 The correlation analysis of asymmetry indices and elongation indices also revealed 

some significant values (Table 3). Thus, inverse correlation was observed in the patient group 

between AIW-SP and AIW-WS at LS. Positive correlation was found between AIW-WS and 

AIA-WS, but negative between AIW-WS and EI-NWBS at LS. Furthermore, significant 

correlations were observed between trunk angles asymmetry in SP and in WS in both groups 

and on both sides with opposite direction in MS vs. LS. Since the EIs and AIs were calculated 

from the AVIAs, there were several significant correlations between these indices. 

 
Table 4.  Correlations between the asymmetry and elongation indices. 
 
 

AIW-SP AIW-WS AIA-SP AIA-WS EI-WBS 

 MS LS MS LS MS LS MS LS MS LS 

AIW-WS      

Control -0.07 -0.35         

Patient -0.22 -0,52*         

AIA-SP      

Control -0.33 -0,26 -0.19       

Patient 0.36 -0,17 -0.42       

AIA-WS      

Control -0.19 0.25 -0.25 0.12 0.70* -0.89*     

Patient 0.30 -0.43 -0.08 0.64* 0.80* -0.79*     

EI-WBS      

Control 0.20 0.12 -0.11 -0.02 -0.53* -0.50* 0.13 0.81*   

Patient -0.01 -0.25 0.23 0.35 0.11 -0.15 0.62* 0.66*   

EI-NWBS      

Control 0.27 -0.27 0.20 -0.19 -0.90* 0.95* -0.91* -0.97* 0.30 -0.66* 

Patient -0.36 0.42 0.20 -0.63* -0.93* 0.90* -0.94* -0.95* -0.33 -0.39 

Abbreviations: AIW: asymmetry indices of weight bearing, AIA: asymmetry indices of 
angles, EI: elongation indices, MS: more loaded side, LS: less loaded side, SP: starting 
position, WS: weight shift, WBS: weigh bearing side, NWBS: non-weight bearing side.  
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5.  DISCUSSION 

 Our aim was to characterize the trunk alignment with a simple and reproducible 

method during quiet standing, and following voluntary lateral WS in the frontal plane in 

healthy subjects and patients with stroke. The main findings of this study were that it revealed 

significant differences in trunk alignment between healthy subjects and stroke patients.  

 These data suggest that the patients, due to decreased weight bearing ability, apply 

compensatory pattern in their trunk during quiet standing and lateral weight shift to ensure 

their stability and to perform movements 

 

5.1  Weight bearing abilities and functional performance 

 Weight shift is essential for walking performance and functional tasks, therefore, any 

impairment in the weight bearing ability will limit activitiesof daily living. During SP, the 

expected body weight on each lower limb would be approximately 50% of the total body 

weight, and the control group showed only slight RGF asymmetry. However, the results 

showed  that even the healthy controls were not totally symmetrical, they also preferred side 

in the RGF values, and therefore, significant differences were obtained between the two sides 

in this group. Hesse et al. (1996) did not find significant relationship between limb dominance 

and the preference of more loaded side in young subjects (age range: 19-40 yr) (Hesse et al., 

1996).  Functional asymmetry can be present not only because of anatomical asymmetries, but 

because of the limitation and/or deficiencies of the postural system (Blaszczyk et al, 2000). 

 In agreement with earlier studies, the patients could load less the paretic leg, i.e. the 

non-paretic side had better WB ability compared to the paretic one during SP (Eng and Chu, 

2002; Bohannon and Larkin, 1985; Goldie et al., 1996/b); thus, the degree of asymmetry in 

the RGF was significantly higher than in the control group (Table 1). 

 Regarding the WS ability following lateral weight shift in our healthy group, the value 

was lower (82–86%, mean age: 60) than in an earlier study (95%, mean age: 66.5) (Goldie et 

al. 1996/b). The significant inverse correlation (R=-0.75) between  age and WS percentages in 

the healthy group suggests slightly impaired postural stability in the older subjects (Blaszczyk 

et al., 2000; Cheng et al., 2000, Marigold and Eng, 2006). Furthermore, even the healthy 

group loaded less weight on the LS compared to MS, however, there was no significant 

correlation between the weight distribution during SP and WS conditions (Table 3).   

Regarding the patients’ group, significant differences were detected between the paretic 

and non-paretic sides and between the control and patient groups. The patients could shift 71 
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% of the body weight to the LS (controls: 81%) in contrast to the MS: 81 % (controls: 85%), 

therefore, the patients could not reach the amount of weight bearing on both sides that healthy 

controls could, manifesting decreased ability not only on the paretic, but also on the non-

paretic side.  

 5.2  Trunk alignment 

Marking the body in a simple way to characterize the AVI angles at both sides during 

different trunk alignment in healthy and hemiparetic patients revealed that: 

1. Trunk alignment was asymmetrical in stroke patients during quiet standing (Table 1).  

2. The patients have utilized inverse pattern during weight shift to the LS compared to 

healthy subjects.  

 In contrast with our hypothesis, not any significant changes in the elongation indices 

could be detected in the control group during weight shift to any sides. This supports the 

findings that lateral WS requires a higher level of muscle activity than displacement in trunk 

position (Blaszczyk et al., 2000).   

 In the patients’ group, the larger trunk angles at the NWBS compared to WBS during 

weight shift to LS (Figure 8) revealed an altered (i.e. compensatory) strategy of trunk 

movement. According to our observation, by shifting the weight to either side, the patients 

tried to compensate with the upper trunk, mainly by trunk lateral flexion and it was more 

pronounced during WS to LS. The compensatory movement can be explained by the reduced 

force production and the delayed trunk muscle activation on the paretic side (Dickstein et al., 

2004) and/or by the decreased or lacking activation of the leg muscles for support and balance 

(Messier et al., 2005; Dean and Shepherd, 1997).  

Surprisingly, asymmetry in weight bearing and trunk angles (AIW and AIA) 

correlated significantly (R=0.64) only in patients’ group, while shifting weight to the paretic 

side (LS), suggested that asymmetry in WB is not necessarily linked to the asymmetries of 

trunk alignment. The few correlations between trunk angles and relative ground forces 

suggest that trunk angles may reflect not only the WS ability, but also the compensatory 

strategy (increasing trunk lateral flexion on the WBS e.g. shortening, while shifting the 

weight). Winter et al. (1993) suggested that mainly the hip abductors and adductors are 

controlling postural stability in the frontal plane contributing to the alternate loading and 

unloading of the lower extremities, (load/unload strategy) and they suggest that if  WS is 

initiated from the pelvis and it moves to the WS direction in the frontal plane, the trunk will 
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move in the opposite direction as a counteraction to control the movement of the centre of 

pressure, leading/generating elongation at the weight bearing side (Winter et al., 1993).  

This strategy was used mainly by the control group, but the patients preferred pelvis 

fixation and marked shoulder movement to increase the amount of load on the lower limb on 

the WB side. In patients, since they shift larger proportion of body weight to the more loaded 

side compared to healthy subjects, there was greater angle in the trunk on MS even during SP. 

While they shifted weight to either side, they used the same strategy (e.g. lateral flexion) in 

the direction of WS. The shortening was significant when they shifted weight to LS, which 

can be explained also by the excessive shortening of the paretic side (LS).  

Significant correlations between angles asymmetry in SP and WS in both groups and 

on both sides show that subjects with a higher degree of asymmetry during SP will have 

higher degree of asymmetry in WS, too. Strong correlations between EIs and AIAs suggest 

that EIs might be used as parameters for the characterization of trunk alignment in different 

WS positions. 

The alterations of trunk alignment (excessive shortening in the paretic side) in SP and 

in different WS positions indicate that the stroke patients were not able to elongate the 

affected side; therefore, they performed WS in a compensatory manner. The video recordings 

revealed that healthy subjects usually initiated the WS at their hip to the WBS, and then the 

shoulder girdles (upper trunk) moved in the opposite direction, but these movements were not 

accompanied by significant elongation/shortening in the trunk (AVIAs), suggesting the 

load/unload strategy (Winter et al, 1993, Rietdyk et al., 1999). In contrast, patients usually 

initiated the WS at the hip to the WBS, but after reaching their stability limit, they very early 

moved the upper trunk into the direction of WBS in order to force more load on the WBS. 

This compensatory movement resulted in shortening of the trunk on the WBS. The patients 

used this compensatory strategy of the trunk for shifting and bearing weight both to LS 

(paretic side) and MS (non-paretic side). Since WS to the paretic side is a challenging task for 

these patients, it is assumed that the abnormal elongation/shortening strategy might 

compensate the impaired WB ability, and may protect against falling. 

Increased asymmetry in the hemiparetic group in both the weight bearing and trunk 

alignment can be caused by several factors, including poor physical condition, decreased 

muscle strength, sensory and perceptual impairments, and/or fear of falling (Bohannon and 

Andrew, 1995; Barra et al., 2008; Ryerson et al., 2008). 

 It is well-known that the axial and proximal muscles play crucial roles in postural 

control to determine the position of the trunk and head. Therefore, the trunk muscles are 
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essential for balance, transfer, gait and for other daily activities (Holstege, 1998; Karatas et 

al., 2004). During WS the trunk muscles control and counteract movement to provide both 

stability and mobility of the trunk. Although the postural stability in the frontal plane is 

controlled primarily by the hip abductors and adductors to alternately load and unload the hips 

(Winter et al., 1993), the changes of the centre of mass position require the activation of the 

muscles of both the lower limb and the trunk. Furthermore, anticipatory postural adjustment 

requires also the contractions of these muscles. The co-contraction of the deep trunk muscles 

(m. transversus abdominis, mm. multifidi, pelvic floor muscles, and diaphragm) can provide 

trunk stability; however, some superficial muscles (e.g. the rectus abdominis, erector spinae, 

hip adductors, m. psoas major) are also involved in this function. The better the trunk stability 

is, the better the better the activity performed in the extremities will be (Kibler et al., 2006). 

Thus, when normal subjects shift weight for example to the right (R) side, first the R gluteus 

medius is activated, which is followed by the left (L) adductor activation (Kirker et al., 2000). 

The right gluteus medius activity can prevent pelvic drop, and can support better elongation 

on the WB side. The lack of proximal stability will influence the movement and the reaction 

patterns both in the upper and lower extremities (Karthikbabu et al., 2012). Regarding trunk 

alignment during WS, as the vertebral column has a tight articulation with the pelvis, the 

motion of the pelvis to one side necessarily results in a slight trunk lateral flexion to the 

opposite side to counteract the displacement of the centre of mass (Day et al., 1993; Rietdyk 

et al., 1999). This requires a coupling of the hip abductors and adductors within each limb and 

between the two limbs, and owing to the inherent stiffness of the trunk and sacroiliac 

structures, the subjects may rely, at least partly, on the passive hip and knee structures 

(Rogers et al., 1993).  

 Bilateral muscle weakness is present after stroke (including the trunk), but since the 

trunk muscles are innervated from both hemispheres, the trunk muscle functions are less 

impaired than the extremity muscle's in hemiparetic patients   (Tanaka et al., 1997; Bohannon 

and Andrew, 1995; Karatas et al., 2004). It has been found that there is no difference in the 

trunk rotator muscle performance between the affected and non-affected side, but there is a 

difference in lateral flexion, e.g. the lateral flexors are weaker on the affected side (Bohannon, 

1992). It has been found that the muscle activity pattern is altered in the patient group, i.e. 

during WS to the paretic side, less activity was detected in the affected gluteus medius, and an 

increased one in the unaffected adductors (Kirker et al., 2000). During WS to the non-paretic 

side there was almost normal activation on that side, but low level or delayed activity was 

found in the adductor muscles on the paretic side. The difference in the muscle activation 
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pattern might contribute to the altered characteristics of trunk alignment and compensatory 

strategy in patients with stroke. While over-activity of the adductors on the non-affected side 

compensates the weak or delayed response on the paretic side, together with the stiffness of 

the paretic side they can limit WS toward either side. However, this impairment could be 

compensated by decreased lateral movement of the pelvis (by trunk lateral flexion), and such 

way, the patients could increase the amount of WS (Goldie et al., 1996/b; Dickstein et al., 

1999; Kirker et al., 2000). Furthermore, the paretic patients bear more weight on the non-

paretic side; therefore, they need to generate more force to be able to shift weight laterally.  

Higher asymmetry might also be due to the decreased extension of the limbs to support the 

body weight leading to passive standing relying on the passive hip and knee structures (Eng 

and Chu, 2000). This passive WB position together with lateral flexion of the trunk to the 

WBS can help the patients to perform the required task. The weak abductors and adductors on 

the affected side, and/or the deficient interaction or coordination between these muscles may 

also contribute to the observed dysfunction (Kirker et al., 2000). Furthermore, Adams et al. 

(1990) suggested that the motor deficits on the non-paretic side might reflect the loss of 

effective ipsilateral corticofugal projections to the lower-limb muscle (Adams et al., 1990). It 

is also important to claim that the good side is not absolutely good, and the restriction from 

the paretic side can also contribute to this phenomenon. It draws the attention to the fact that 

the non-paretic side should not be treated as an absolutely non-affected side, therefore, the 

non-affected side should not be taken as a reference for the estimation of the paretic one 

(Goldie et al., 1996/b). 
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6.  CLINICAL SIGNIFICANCE  

A major focus of rehabilitation in hemiparesis is to increase the patients’ ability to 

bear weight on the paretic limb (Dickstein et al., 1994; Sackley et al., 1992; Goldie et al., 

1996; Mudie et al., 2002; Garland et al., 2003). During treatment, therapists should decrease 

the over-activity on the non-paretic side, therefore, weight bearing symmetry training 

represents one of the major focuses in the rehabilitation of stroke patients. It is assumed that 

enhanced symmetry in weight distribution during weight bearing will result in better postural 

control (Kamfuis et al., 2013). Furthermore, Saeys et al. (2012) found that early applied 

additional truncal (trunk muscles) exercises during sitting, standing and walking might 

improve standing balance and mobility after stroke, especially when they are implemented as 

functional tasks, such as rolling and reaching (Saeys et al., 2012).  

 However, so far, no particular attention has been paid to paretic patients’ trunk 

alignment in different standing positions. Our results suggest that a quantitative analysis of 

WB in itself is not enough to build up/elaborate a correct treatment plan, since trunk 

alignment may also contribute to movement performance. With more information about 

pathological postural alignment associated with stroke, the therapist is better equipped to 

determine the state of the patients and to establish appropriate interventions. For instance, in 

patients with shortening on the WB side, attention must be paid to the correction of this 

alignment, that is, elongation should be facilitated on the loaded side. 

 Thus, one of the major focuses of rehabilitation is to improve the patients' weight 

bearing and weight shifting ability. According to our observation, the performance in WB 

during SP and WS depends not only on the patients' motor, sensory and cognitive abilities, 

but also on the instructions on how to perform the task and the complexity of the functional 

task. In some patients verbal instruction is not enough; therefore, the performance should be 

introduced by the therapist (experimenter). If the instruction is combined with a functional 

task (for example: touch my shoulder with your shoulder), the person is concentrating on the 

task itself and not on the movement component, therefore the performance can be more 

automatic and better.  

 Another important finding in relation to weight bearing and proximal (trunk) muscles 

activation is that gait initiation (stepping) can occur only if the body weight is over the 

supporting foot (the weight is shifted to the supporting leg – stance phase). This process 

requires the activity of the vestibular system for the extension of the lower extremity, the 

reticular system for the trunk and the tectospinal system for the mobility of the head 
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(Takakusaki, 2017; Yakovenko and Drew, 2009). Therefore, appropriate trunk alignment is 

essential for locomotion as well. 

 It should also be mentioned that this study has several limitations. First, the results are 

based on a relatively small sample of stroke patients. This fact has to be taken into 

consideration when interpreting such findings as moderate correlations between WB and 

trunk angles. Furthermore, the subjects’ physical functions and risk of falling were not 

evaluated in detailed manner. Clearly, studies with larger samples are needed with the above-

mentioned, extended measurements and training paradigms. 
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7.  CONCLUSIONS 

 To our knowledge, this study was the first attempt to give an exact characterization of 

trunk alignment during quiet standing and lateral weight shift in healthy and stroke patients. 

Obviously, this study was not designed to substantiate ultimate conclusions, rather to claim its 

practical significance. The results revealed that the stroke patients’ weight bearing ability is 

deficient and that they tend to compensate for this deficiency by abnormal trunk alignment. 

Therefore, the measurement of weight bearing ability alone might be an unsatisfactory proxy 

of therapeutic effectiveness, and attention must also be paid to how the individual patient 

performs weight shift, and incorporate this information in the therapeutic plan. Our method 

can help to reach this by precise, numeric parameters of patients’ trunk alignment by the 

application of a  simple method. 

 Our results have proved that the therapist need to work on trunk elongation of the WB 

side while practicing lateral WS focusing not only on the trunk, but also on the whole body 

alignment to activate the appropriate muscles necessary for the function.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



38 
 

8.  SUMMARY 

We set up several hypotheses during the plan of this study:  

 It was supposed that the healthy subjects are able to shift the same amount of 

weight at both sides, and their trunk alignment should be symmetrical during quiet standing. 

Furthermore, we assumed that following lateral WS, trunk alignment would show elongation 

on WBS and proportional shortening on NWBS. 

 In contrast, it was expected that stroke patients with hemiparesis would bear more 

weight on the non-affected leg during quiet standing, and their trunk alignment would be 

asymmetrical during quiet standing, and they would show an impaired pattern of trunk 

alignment following WS. 

In agreement and disagreement with these hypotheses:  

1. It has been shown that both the healthy and the hemiparetic subjects have 

significant weight bearing asymmetry during quiet standing, which is more 

pronounced in the patient group.  

2. According to our results, the patients have more weight on the non-paretic side.  

3. The healthy subjects have no significant asymmetry in trunk alignment during 

starting porition.  

4. The patients with hemiparesis had significant asymmetry in their trunk alignment 

during starting position. They have smaller AVI angles on the paretic compared to 

the non-paretic side.  

5. During WS in the healthy group, no significant asymmetry in the angles could be 

detected.  

6. In contrast, WS to the paretic side revealed a high level of elongation on the 

NWBS.  

7. The low level of correlation between weight bearing and trunk alignment suggests 

that both of these measurements should be performed in hemiparetic patients to 

gain appropriate information for a specific treatment plan.  
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