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Preface

Different Areas of Physiotherapy provides comprehensive coverage of the key
issues and perspectives in the field of physiotherapy. It presents the contemporary
practice of physiotherapy with a focus on rehabilitation, including the nature of the
body, the idea of independence, the rehabilitation process, and evidence-based and 
individual-centered practice. Physiotherapy encourages rehabilitation professionals
to think about problem-solving and basic decision-making in a practice setting, 
presenting case studies to consolidate and apply learning.

Rehabilitation is a step-by-step process that helps people recover from injuries, 
trauma, health disorders, and more. The goal of rehabilitation is to help people
function as effectively as possible after a life-changing event. Also, physiotherapy
can be defined as a therapy method that focuses on the science of movement and 
helps people to restore, maintain, and maximize their physical strength, function, 
motion, and overall well-being by addressing underlying physical issues.

Physiotherapy encompasses rehabilitation, injury prevention, and health promo-
tion and fitness. The profession employs a holistic approach to treatment, taking 
into account the patient’s overall lifestyle.

This volume includes chapters written by experts from a wide range of clinical and 
academic backgrounds. Using a problem-solving approach, the book emphasizes
the identification of symptoms in relation to impairment and disability rather than
provides detailed descriptions of conditions related to physiotherapy. The authors
use the current International Classification of Functioning, Disability and Health
(ICF) to describe aspects of different posture and movement difficulties that an
individual may experience. They provide guidance to help allied health profession-
als plan the appropriate therapy program for each patient and present the most
frequently used and efficacious treatment methods.

The authors describe aspects related of ICF posture and movement difficulties
which may occur as a result of some problems and gives guidance to help the allied 
health persons to plan the appropriate therapy program for each patient and all 
authors presented the most frequently used and treatment methods with efficacy
and included references the end of each chapter.

Mintaze Kerem Gunel, PT, PhD.
Faculty of Health Sciences,

Department of Physiotherapy and Rehabilitation,
Turkey
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Chapter 1

Introductory Chapter: 
Physiotherapy and Rehabilitation
Mintaze Kerem Gunel, Cemil Ozal and Duygu Turker

1. Introduction

Physiotherapy and rehabilitation have recently seen many practical innovations, 
evidences and major developments for specific interventions, not only in practical 
but also conceptual [1]. The approach to patients has moved from a predominantly
medical biopsychosocial aspect and the need for organized specialist rehabilitation
services has become equally important [2].

Physiotherapy is directed towards the movement necessities and potential
of individuals, providing therapy and rehabilitation to enhance, maintain and
restore maximum movement and functional skills throughout the lifespan [3].
Recent studies including systematic reviews and randomized controlled studies
have emphasized proof for the clinical activity of physiotherapy interven-
tions and rehabilitation for individuals with large different conditions range
as orthopedic, neurologic, pulmonary, pediatric, rheumatologic or geriatric
conditions [4].

The World Health Organization (WHO) describes rehabilitation as a process
that supports individuals, experience or are under risk of functional limitation, 
to provide, enhance and maintain functionality in interaction with their environ-
ments’ [5] and rehabilitation is based on way of thinking on problem-solving and 
fundamental decision-making in clinical interventions and apply learning. The
problem-solving approach is based on description of symptoms in relation to struc-
tural and functional impairment and activity and participation limitation rather
than only a specific description of different conditions related to physiotherapy.

“Physiotherapy and rehabilitation” are therapy process that are aimed to
optimize functional and independence level and individual function limitations
caused by pathologies which result in impairments. Rehabilitation is mainly
focused the results of pathology rather than pathology itself. Physiotherapy
and rehabilitation focus particularly on limitations which may affect physical
functionality and activity and utilize a set of different interventions based on
non-invasive and physical nature to assist progress toward functional objec-
tives and aims [6]. Physiotherapy and rehabilitation are mostly focused on
impairments related to mobility and functional or activity limitations as well
as pain which are associated with musculoskeletal and neurological patholo-
gies, injuries such as fractures and traumas, or cardio-pulmonary problems and
treating them with exercises planned in line a target and manual mobilization
approaches [7].
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2.  International classification of functioning, disability and health (ICF) 
framework and physiotherapy and rehabilitation

Disablement models are a way of thinking about the results, impacts or 
sequelae of disease on functionality. Different classification schemes have been 
aimed to classify these sequelae. Recently, the WHO revised their scheme to 
produce ICF [6].

Disablement models are intended to show and create changes in perceptions of 
individuals with disabilities and meet their necessities  to differentiate disease and 
pathology from the limitations they produced and these models were developed 
primarily for use by rehabilitation professionals. The expanded models try to have a 
more positive perspective on the changes caused by pathologies or disease and more 
intended for use by a wide range of people, including community, national and 
global institutions. The ICF has tried to change the perspective of disability from 
the native focus of outcomes of disease [6].

Within the ICF, physiotherapy and rehabilitation team can rely first on a 
worldwide accepted model providing a common language to describe and classify 
functionality, and the ICF is a framework for describing functioning and disability 
in relation to a health condition. It provides a common language and framework 
for documenting information on the functional changes after physiotherapy 
interventions [8].

3.  ICF framework physiotherapy and rehabilitation interventions based 
on ICF

According to the ICF framework physiotherapy and rehabilitation approaches 
can be used according to these applications.

3.1 Approaches targeting impairments

The underlying assumption of these approaches is to prevent activity limita-
tions by improving body functions and structures and different applications are 
described according to these aims.

Conventional methods for treatment of neuromusculoskeletal disorders pri-
marily focus on the functioning of body structures, assuming that if joint play is 
restored and if stiff or contract muscles are relaxed and weak muscles strengthened, 
the ability to perform activities is automatically recovered [9].

3.2 Activity-oriented interventions

Activity-oriented movement strategies depend on activities rather than only 
impairments and aimed functionality with cognitive aspects, experience and inten-
tion that are fundamental for learning. An activity-oriented therapy program has a 
larger and much more prolonged positive effect than impairment-based structurally 
oriented therapy [10].

3.3 Environmental modification and assistive devices

Environmental adaptations can be used for different purposes. These objectives 
include increasing the functional independence of the child and reducing caregiver 
assistance [11]. Basic physiotherapy and rehabilitation interventions are listed in 
Table 1.
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4. Innovations in physiotherapy

Physiotherapy and rehabilitation are developed by using new approaches, 
activities and different new therapy models for different conditions, injuries, 
impairments and activity and participation limitations and assist people recover 
scope of mobility, and function as well as to maintain health condition in healthy 
individuals. It is important to think innovatively, and follow innovations to deter-
mine the best intervention for patient treatment. Innovations are mostly based on 
technological supported rehabilitation such as virtual reality games, rehabilitation 
robot or telerehabilitation [13].

5. Evidence-based physiotherapy

Evidence-based physiotherapy is an important and increasing issue in rehabilita-
tion and physiotherapy. Although it is increasingly used worldwide, it is important 
to spread over among clinicians and researchers. Evidence-based practice has a 
significant movement of basic importance in delivery of healthcare worldwide [14].

Physiotherapy and rehabilitation interventions

Activity-based interventions Motor learning strategies

Task-targeted training: Strategy development

• Functional mobility skills Feedback

• Daily living activities Practice

Environmental context Transfer of learning

Impairment oriented and augmented interventions

Impairment interventions Augmented intervention

Strength, power and endurance Neuromuscular facilitations

Flexibility, range of motion and mobility Proprioceptive neuromuscular facilitation

Coordination, agility and balance Neurodevelopmental approaches

Gait and locomotion Hands on mobilization techniques

Aerobic capacity/endurance Neuromuscular electrical stimulation

Relaxation Sensory stimulation

Compensatory interventions

Substitution training

• Alternate movement strategies

• Less involved body segments

Assistive/supportive devices

Environmental modification

Alternative daily life activities modification

Table 1. 
Physiotherapy and rehabilitation interventions [12].
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Chapter 2

Movement Rehabilitation in 
Physiotherapy after Stroke: The 
Role of Constraint-Induced 
Movement Therapy
Auwal Abdullahi

Abstract

Stroke is increasingly becoming a global health problem. This is because it may 
lead to death, Long-term disability such as in motor function, and significant burden 
to the patients and their families. The disability can be prevented or rehabilitated 
using a physiotherapy technique known as constraint-induced movement therapy 
(CIMT). The CIMT comprises of task practice with the affected limb, constraint 
of the unaffected limb, and transfer package to foster compliance and increase the 
amount of task repetition. It helps to reestablish normal motor control through 
facilitating changes in physiological functions of the brain, improvement in real-
world arm use, and movement precision and quality. However, its protocols vary. 
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movement therapy: the future perspective. Information from all the sections to be 
discussed is needed by the physiotherapist in order to be able to make an effective 
clinical decision during application of CIMT in people with stroke.

2. Overview on stroke

2.1 Definition

World over, stroke has become a major public health issue. It is defined as “a 
rapidly developing clinical signs of focal (or global) disturbance of cerebral func-
tion, lasting more than 24 h or leading to death, with no apparent cause other than 
that of vascular origin” [1]. This definition seems outdated since presently there are 
advances in prevention, diagnosis, and management of stroke, which led to so many 
people surviving stroke and living with long-term disabilities. Additionally, stroke is 
a compendium of neurovascular syndromes with diverse presentations, and the 24 h 
time limit is not sacrosanct as minutes or few hours of stroke event can lead to severe 
and/or permanent damage [2]. Consequently, attempts were made to reassess the 
definition of transient ischemic attack and stroke [2, 3]. A high-powered committee 
of experts deliberated and defined the conditions; thus, stroke is classically character-
ized as a neurological deficit attributed to an acute focal injury of the central nervous 
system (CNS) by a vascular cause, including cerebral infarction, intracerebral hemor-
rhage (ICH), and subarachnoid hemorrhage (SAH), and is a major cause of disability 
and death worldwide [2]. This definition included the vascular causes of the condi-
tion. Thus, from the foregoing, it can be seen that stroke results from various vascular 
events and can manifest as varied forms of neurological signs and symptoms.

2.2 Etiology

As stated in the definitions by Hatano and Sacco and his colleagues, the causes of 
stroke are of vascular origins [1, 2]. These sources are ischemia and intracerebral and 
subarachnoid hemorrhage, which may cause cerebral infarction. Ischemia simply 
means reduction in blood supply to brain cells, which could be due to occlusion as a 
result of the presence of either thrombus (a blood clot) or embolus (a moving blood 
clot) or stenosis (narrowing or reduction in the caliber of the arteries) [4]. The 
embolus usually may originate from the arteries or the heart as a result of conditions 
such as atrial fibrillation, sinoatrial disorder, recent acute myocardial infarction 
(AMI), marantic or subacute bacterial endocarditis, cardiac tumors, and valvular 
disorders, both native and artificial [5]. The intracerebral hemorrhage (ICH) and 
subarachnoid hemorrhage (SAH), which mean rupture or leakage of the tiny or very 
small blood vessels in the brain, are mainly caused by the elevated or increased intra-
cranial pressure and sustained weakening of walls of blood vessels usually as a result 
of a long-standing high blood pressure [6]. Although majority of stroke cases are due 
to ischemia, in very rare cases, hemorrhagic and ischemic stroke can occur concur-
rently [7]. However, when stroke occurred as either ischemic or hemorrhagic, the 
latter usually leads to poor prognosis including mortality than ischemic stroke [8].

2.3 Pathophysiology

The human brain under normal circumstances receives 20% of the cardiac output 
[9]. This output is responsible for cerebral blood flow (CBF) whose normal value 
in adults is about 50–55 ml/100 g/min. This makes the brain tissues to be rich and 
abundant in oxygen and glucose necessary for major metabolic processes at all times. 
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Thus, damage to the brain tissues due to reduced blood flow depends on the extent of 
the reduction to the tissues and probably for how long the reduction persists. If the 
CBF reduced to about 14 ± 2 ml/100 g/min, the damage is usually reversible, and the 
affected area is known as ischemic penumbra. The penumbra is a region of function-
ally impaired, but structurally intact, tissues. Thus, this area of penumbra is the one 
that offers hope for recovery in case of therapy and rehabilitation. On the other hand, 
if the CBF reduced to about 6 ml/100 g/min, the damage is usually irreversible, and 
the affected area is known as the core. The core is the region of infarction. This is 
because the human brain is not endowed with respiratory reserve; it has low capacity 
for oxygen reserve, and this makes it to heavily depend on aerobic respiration. Any 
event that will alter its circulatory process and interfere with the aerobic respiration 
can cause damage to the brain cells. However, the abundant collateral circulation in 
the brain ensures that the effect of the damage is limited to some parts of the brain.

The events that bring about the alteration or impairment in blood circulation in 
the brain come in two ways: ischemia and hemorrhage. Ischemia is usually in the 
form of thrombosis in large and small vessels, embolism with or without cardiac 
and/or arterial factor, systematic hypoperfusion, and venous thrombosis. The 
mechanism of brain cell damage due to ischemia is through depletion of oxygen and 
glucose with attendant reduced capacity to produce energy-releasing compounds 
such as the adenosine triphosphate (ATP) [10]. The molecule ATP is important 
for cellular metabolic processes. This creates a vicious cycle of lack of essential 
molecules such as oxygen and glucose for the survival of the cells and eventually 
causes cellular death. The extent of the damage is, however, a factor of the location, 
severity, and the duration of ischemia. That is to say, the longer the duration of the 
ischemia, the more extensive the damage will be.

The mechanisms of cellular death due to ischemia often come in many ways. One 
of these ways comes through the damage or dysfunction of the mitochondria. The 
mitochondria are the energy storage or power house of the cells [11]. Dysfunction or 
damage of the mitochondria will result in depletion of energy required to initiate and 
sustain physiologic processes such as the normal function of ion gradient, which results 
in ionic imbalance. The ionic imbalance pertains to the loss of potassium in exchange 
of sodium, chloride, and calcium ions [12]. This ionic imbalance leads to intracellular 
accumulation of fluid, which manifests as swelling of neuronal cells and glia that will 
eventually lead to the death of these cells. Another way in which neuronal cell death 
can occur due to ischemia is through excessive release of excitatory neurotransmitters 
such as the glutamate and aspartate. These neurotransmitters release will further com-
plicate the damage to the brain cells. Other ways through which cellular death occur 
include production of oxygen-free radicals and reactive oxygen species (ROS), and 
apoptosis. Free radicals and the ROS react with a number of cellular and extracellular 
elements including the vascular endothelium and cause cell death. Apoptosis occurs 
in response to release of proapoptotic molecules such as cytochrome c and apoptosis-
inducing factor from mitochondria due to gene expression of Bcl-2 and p53.

The whole process resembles blocking the water supply to a flower. If the block-
age continues, the flower begins to shrink gradually and eventually dies off. Thus, 
whatever the pathophysiologic process that takes place, the result is that ischemia or 
reperfusion causes cell death, and this in turn causes impairment in brain functions 
[13]. The pathophysiologic process of stroke is simplified in Figure 1.

2.4 Epidemiology of stroke

Many people around the world suffer stroke. According to the World Heart 
Federation, annually about 15 million people suffer stroke, out of which about 
40% die and 33.33% live with long-term disability [14]. This shows that about 60% 
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survives stroke probably due to improved stroke management over the last few 
decades. Equally, the percentage of those who live with long-term disability also 
calls for public health concern. Thus, improving rehabilitation services for stroke 
survivors is much needed. However, the incidence of stroke seems to vary between 
different regions of the world. In many developed countries, the incidence of stroke 
is declining even though the actual number of strokes is increasing because of the 
aging population [14, 15]. In contrast, in the developing countries, the incidence of 
stroke is increasing. For example, about 1.3 million people suffer stroke every year 
with about 75% surviving it, and the incidence is predicted to increase with high 
incidence of death in Latin America, the Middle East, and sub-Saharan Africa in a 
few decades to come probably due to lack of standard care for stroke [14].

Many factors can put one at the risk of developing stroke. The risk factors for stroke 
can be divided into modifiable and nonmodifiable ones. The modifiable risk factors 
include high blood pressure, heart disease, hypercholesterolemia, physical inactivity, 
smoking, alcohol consumption, diabetes mellitus, psychosocial stress and depression, 
and kidney diseases [16]. The nonmodifiable risk factors include gender, race, and 
genetic factors. For gender as a nonmodifiable risk factor, there are varied reports on 
whether stroke occurs more in women or men and vice versa, though they are mostly in 
favor of high incidence in women. According to a study by Petrea and colleagues, stroke 
occurs more in women than men, though there is no significant difference between 
men and women in terms of stroke severity, subtype, and case fatality [17]. These vari-
ations may probably represent the social structure of a given population. Consequently, 
the incidence between men and women may be because of one gender reporting to the 
clinic more than the other in a given population. Secondly, the distribution of gender 
in the population can also play a role. In addition to all that was mentioned, women 
tend to have poorer functional outcomes following stroke [18]. Furthermore, whatever 
the cause of a stroke, its incidence imposes a huge financial burden on patients and 
their families and can cost governments millions of dollars as direct and indirect costs 
depending on the country and the particular healthcare system.

2.5 Consequences of stroke

Stroke results in impairment of brain functions, cognitive, motor, and sensory/
perceptual functions [13]. Examples of these impairments include decreased 

Figure 1. 
Schematic representation of pathophysiology of stroke and its consequences.
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movement quality, impaired movement coordination, gait and balance problems, 
vascular dementia, memory impairment, emotional disturbances, and hemispatial 
neglect. The motor impairment is significant since movement is important for 
humans’ daily functioning. The consequences of impairment of brain functions 
following stroke include difficulty in carrying out activities of daily living such as 
washing, dressing, bathing and difficulty in carrying out previously enjoyed leisure 
activities [19]. Normal functions of the brain are required in our daily life activities 
and participation. Therefore, rehabilitation is important to help patient recover 
or live an independent life as much as possible. In physiotherapy practice, CIMT is 
used for the rehabilitation of movement impairment after stroke.

3. Nervous system control of movement in health and disease

One of the major functions of the nervous system is the control of human move-
ment, which is essential for our daily functioning and participation. This control 
occurs in top-down, bottom-up, and parallel manner using different parts of the 
central nervous system. The CNS structures responsible for the control of human 
movement include the cerebral cortex, basal ganglia, brainstem, cerebellum, 
and thalamus that are contained in the diencephalon and spinal cord, which are 
complemented by the peripheral feedback [20, 21]. The functions of these various 
structures are summarized in Figure 2.

The cerebral cortex functions for cognition, perception, and behavior. The 
cerebral cortex integrates these aforementioned functions to help execute human 
movements. It consists mainly of three important structures that are closely related 
with each other, the motor cortex, the premotor area, and the primary motor area. 
The main function of the motor cortex is sending inputs/commands through the 
corticospinal tract and corticobulbar system to the brainstem and the spinal cord 
[20]. The premotor area functions alongside other parts of the brain in movement 

Figure 2. 
Schematic representation of nervous control of human movement. PM, premotor cortex; MC, motor cortex; 
M1, primary motor cortex.
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programming, selection of what to do, and identification of objects in space [20, 22]. 
It sends most of its outputs directly to the motor cortex, and some to the brainstem 
and the spinal cord [23]. The basal ganglia are a collection of nuclei at the base of the 
brain that are involved in higher-order cognitive functions like planning the strate-
gies of movement [24]. These nuclei receive inputs from most parts of the cerebral 
cortex and send back their outputs to the motor cortex by the way of the thalamus.

The brainstem is important for the control of posture and locomotion. Postural 
control is essential for proper execution of movement. This is possible due to the 
presence of important nuclei in the brainstem, which include vestibular nuclei, red 
nuclei, and reticular nuclei [20, 21]. The brainstem receives somatosensory inputs 
from the skin and muscles of the head and sensory inputs from the vestibular and 
visual systems. Similarly, nuclei in the brainstem control outputs to the neck, face, 
and eyes. The cerebellum receives inputs from the spinal cord and the cerebral 
cortex detailing about movement and planning of movement, respectively. In 
addition, it sends output to the brainstem. The main functions of the cerebellum are 
comparing the intended movement with sensory signals and update the movement 
commands when the movement goes abnormally. Secondly, it helps in modulating 
range and force of movements. The thalamus is contained in the diencephalon, and 
most of the outputs from the basal ganglia, the spinal cord, the brainstem, and the 
cerebellum are processed via it. The spinal cord is at the lower level of the movement 
control hierarchy. It receives somatosensory information from the muscles, joints, 
and skin and sends information to the higher centers. However, following stroke, 
the functions of these various structures of the brain become impaired in such a way 
that movement is no longer well planned, coordinated, modulated, and integrated. 
The aim of rehabilitation is to reestablish these various integrated functions for 
normal movement control. Consequently, constraint-induced movement therapy 
(CIMT) is used to reestablish the normal nervous control of human movement.

4. Role of constraint in movement rehabilitation after stroke

4.1  Constraint-induced movement therapy: historical background and 
neuroscientific basis

Movement is important in every human’s endeavors; it is essential for the perfor-
mance of most of our daily activities. However, after a stroke, our ability to move may 
be impaired. This is due to the impairment in normal movement control as a result 
of damage to some areas of the brain. To help reestablish normal movement control 
following stroke, constraint-induced movement therapy is used [25, 26]. Constraint-
induced movement therapy (CIMT) is a movement rehabilitation technique, which 
aims to counteract learned nonuse acquired after stroke [26, 27]. The learned nonuse 
phenomenon is an acquired behavior exhibited by patients following stroke that 
makes them not to use the affected limb in functional activities. It is said to be due 
to failure to carry out tasks after unsuccessful attempts as a result of depression of 
functions of the central nervous system, pain or fatigue following the injury. This 
acquired behavior may set off a vicious cycle of impairments comprising of decreased 
movement, decreased cortical representation of the affected part of the body, and 
compensatory behavior that may also decrease use of the affected part [28]. The 
mechanisms of learned nonuse phenomenon are depicted in Figure 3. Please refer to 
the articles by Taub and his colleagues for more details on the learned nonuse [27, 28]. 
Although, the description of the learned nonuse phenomenon by Taub has been 
challenged, modified, and expanded to include psychosocial and structural factors 
that can lead to the acquired behavior [29], his explanation has provided researchers 
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and clinicians with the foundation for designing restorative rehabilitation techniques 
enabling people with stroke regain functions. The examples of these techniques have 
been seen in forced use and CIMT.

The origin of CIMT has been credited to the work of Edward Taub, though he 
acknowledged previous researchers’ contribution to the understanding of this 
phenomenon [25]. Here, monkeys received surgical abolition of somatic sensation of 
one or the two forelimbs. Thereafter, they were trained based on some learning prin-
ciples. The abolition of somatic sensation conditioned the monkeys to never use the 
limbs again. However, the animals were forced to use the affected limb as soon as the 
unaffected limb is constrained. Additionally, it was noted that the use of the affected 
limb was further strengthened when the animal was rewarded with food after a suc-
cessful attempt. The use of the limb was achieved through breaking task into man-
ageable components in a process known as shaping. Subsequently, this protocol was 
first translated to a patient with chronic stroke in which his unaffected upper limb 
was constrained for about 90% of the waking hours and patients with chronic stroke 
and brain injury [26, 30]. This variant of CIMT is known as forced use. The current 
and widely used variant of CIMT was started on chronic patients who received 
constraint of the unaffected limb for 90% of the waking hours and task practice with 
the affected limb for 6 h for 10 days [27]. So far, there are many variants of CIMT in 
forms of randomized controlled trials (RCT), single case experimental studies, case 
reports, and so forth. In fact, as of now, there are not less than 500 studies of CIMT 
including a highly rigorous multicenter RCT known as the EXCITE trial [31].

In addition to the explanations above, thus far CIMT has been extended to the 
rehabilitation of many conditions such as cerebral palsy, brachial plexus injury, spinal 
cord injury, multiple sclerosis, aphasia, and hearing impairments [32–36]. All these 
reported improvement in the outcomes of interest. Furthermore, currently CIMT is 
used for both upper and lower limbs [37, 38]. However, the studies in lower limbs are 
still few, and therefore, more studies need to be carried out to determine the effect 
of CIMT in lower limb motor impairment after stroke. This will help in translating 
the opportunities gained with upper limb CIMT and possibly further researchers’ 
understanding of the mechanisms of recovery of motor function following stroke.

4.2 Components of constraint-induced movement therapy

The basic components of CIMT include repetitive task/shaping practice with 
the affected limb, constraint of the unaffected limb, and transfer package [39]. 
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and clinicians with the foundation for designing restorative rehabilitation techniques 
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reports, and so forth. In fact, as of now, there are not less than 500 studies of CIMT 
including a highly rigorous multicenter RCT known as the EXCITE trial [31].

In addition to the explanations above, thus far CIMT has been extended to the 
rehabilitation of many conditions such as cerebral palsy, brachial plexus injury, spinal 
cord injury, multiple sclerosis, aphasia, and hearing impairments [32–36]. All these 
reported improvement in the outcomes of interest. Furthermore, currently CIMT is 
used for both upper and lower limbs [37, 38]. However, the studies in lower limbs are 
still few, and therefore, more studies need to be carried out to determine the effect 
of CIMT in lower limb motor impairment after stroke. This will help in translating 
the opportunities gained with upper limb CIMT and possibly further researchers’ 
understanding of the mechanisms of recovery of motor function following stroke.
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The basic components of CIMT include repetitive task/shaping practice with 
the affected limb, constraint of the unaffected limb, and transfer package [39]. 
Task practice involves carrying out the usual everyday tasks or activities such as 
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brushing, cooking, washing plates, playing tennis, kicking or throwing a ball, and 
picking up a cup and taking it to the mouth to drink from it [40, 41]. In shaping 
practice, similar tasks as in task practice are carried out; however, they are broken 
down into manageable components in which the participant will have to master a 
component before proceeding to another [40–42]. For example, when a partici-
pant is to learn how to pick up a cup and take it to the mouth to drink from it, he 
will be taught to learn how to grasp the cup, then pick it up, and the rest follows. 
Constraining the unaffected limb involves use of slings, mitts, or any possibly 
practicable orthotic device to prevent the use of the limb [42]. Sometimes, this can 
be achieved through conscious restriction of the use of the unaffected limb by the 
patient. The transfer package is any method used to foster compliance with task/
shaping practice and the constraint components of CIMT [41]. The methods used 
include the use of logbook, diary, everyday administration of motor activity log, 
monitoring by caregivers, and practice outside the laboratory (e.g., at home).

In the literature, importance of repetitive task/shaping practice in being an 
essential component responsible for improvement following CIMT has been under-
scored. However, according to Taub and colleagues, transfer package is very key to 
improvement in function following CIMT [43]. This finding probably confirms the 
importance of task or shaping repetition as transfer package is meant to foster com-
pliance and use of the affected limb outside laboratory. In essence, transfer pack-
age helps to achieve more repetition. Similarly, constraint ensures that use of the 
constrained limb is restricted, while the use of the affected limb is maximized. This 
is also akin to encouraging more repetitions with the affected limb. Pooling all these 
arguments together, we can see that the other components of CIMT, constraint, and 
transfer package work to provide high repetition of task or shaping practice. This is 
more especially that it has been reported for the upper limbs that there was no sig-
nificant difference whether constraint is used or not during CIMT [44]. However, 
studies on CIMT for the lower limb need to determine whether use of constraint is 
necessary, tolerable, or even practicable. Some studies on upper limb have indicated 
some compliance or tolerability of the participants with constraint [45, 46].

4.3 Protocols of constraint-induced movement therapy

Constraint-induced movement therapy has evolved over the years to have many 
different protocols. The protocols involve either modification of the task/shaping 
practice, constraint or both components of CIMT; or even the process or setting of 
its administration. These protocols include using hours as measure of intensity of 
task/shaping practice, using number of repetitions as measure of intensity of task/
shaping practice, home-based CIMT, use of automated constraint-induced therapy 
extension (AutoCITE), and CIMT without constraint [38, 47–50]. See Table 1 for 
the details of these different protocols. The protocol that uses number of repetitions 
is relatively a new approach. Therefore, its details are represented in Table 2.

One of the concerns about the standard CIMT is the issue of compliance since it 
seems to have a long duration of tasks/shaping practice of 6 h or less [51]. However, 
studies such as those by Kaplon and his colleagues and Stock and his colleagues have 
all indicated that the time spent practicing task/shaping fell short of what is being 
claimed [52, 53]. Additionally, many studies have shown that the shorter duration 
CIMT, the protocol that uses less than or 3 h of task/shaping practice, provides better 
outcomes [54, 55]. In contrast, the protocol using number of repetition has been 
touted to be feasible, easier, and may provide better compliance and complements the 
transfer package component as it takes on the elements of self-management [45, 56]. 
Recently, it has been shown to be as effective as the one using number of hours 
[48, 49]. Furthermore, a virtual reality-amplified arm training of just 30 minutes 
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proved very effective at improving motor outcomes at 6 weeks postintervention and 
3 months follow-up [57]. This technique known as reinforcement-induced therapy 
uses virtual reality system with the sole aim of optimizing proper practice with the 
affected arm during rehabilitation. Similarly, an automated delivery of CIMT has 
been used [51]. This form of delivery of CIMT is aimed at fostering compliance with 
the CIMT protocol. Therefore, the goal of future CIMT protocols should be aimed at 
improving compliance in order to achieve the massed practice of the technique. This 
type of protocol as reported in some previous studies can be administered in the form 
of a distributed practice [48, 58]. A distributed practice is a type of practice in which 
the practice is divided into sessions per day [42]. Probably, distributed practice will 
help do away with overwhelm; fatigue and possibly anxiety patients may have and 
help encourage them perform the required intensity of practice per day.

4.4 Effects of constraint-induced movement therapy

Effectiveness of a given rehabilitation intervention can be said to be sound if it is 
evaluated on different outcomes. This will enable the intervention to have a strong 
theoretical basis. For CIMT, its effects have been investigated on impairments such as 

Protocol Task/shaping practice Constraint Transfer package

Use of hours Practice for 0.5–6 h 
for ≥ 10 days

Constraint for 
2 h or more or 
for 90% of the 
waking hours

Logbook, diary, everyday 
administration of motor activity 
log, monitoring by caregivers, 
practicing at home, etc.

Without 
constraint

Same as above No any 
constraint

Same as above

Home-based 
CIMT

Same as above, but practice is 
done at home

Same as above Same as above

Use of 
AutoCITE

Same as in use of hours, but 
practice is administered through 
the use of a computerized 
mechanical system

Same as above Same as above

Use of 
number of 
repetitions

300–600 repetitions in two or 
three sessions per day

Constraint for 
90% of the 
waking hours

Same as above

Table 1. 
Different protocols of CIMT.

Tasks No. of repetitions 
per session

No. of sessions 
per day

No. of days 
per week

No. of 
weeks

(1) Writing the letter A 20 2 or 3 5 or 7 2 or 
more

(2) Picking up a cup, taking it to 
the mouth, and drinking from it

20 2 or 3 5 or 7 2 or 
more

(3) Drawing a circle 20 2 or 3 5 or 7 2 or 
more

(4) Transferring an object from 
one place to another on a table

20 2 or 3 5 or 7 2 or 
more

(5) Imitation of teeth brushing 
with the middle or the index finger

20 2 or 3 5 or 7 2 or 
more

Table 2. 
Example of the protocols of tasks/shaping practice for the CIMT using number of repetitions.
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monitoring by caregivers, and practice outside the laboratory (e.g., at home).
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the details of these different protocols. The protocol that uses number of repetitions 
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seems to have a long duration of tasks/shaping practice of 6 h or less [51]. However, 
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all indicated that the time spent practicing task/shaping fell short of what is being 
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[48, 49]. Furthermore, a virtual reality-amplified arm training of just 30 minutes 

15

Movement Rehabilitation in Physiotherapy after Stroke: The Role of Constraint-Induced…
DOI: http://dx.doi.org/10.5772/intechopen.81081

proved very effective at improving motor outcomes at 6 weeks postintervention and 
3 months follow-up [57]. This technique known as reinforcement-induced therapy 
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neurophysiological and behavioral, real-world arm use, motor function, activities of 
daily living, quality of life, and kinematics [31, 55, 59–64]. Recently, it has been dem-
onstrated that neurophysiological changes following CIMT well correlate with motor 
function [48, 64]. The examples of effects of CIMT and the effects based on the 
International Classification of Functioning, Disability and Health (ICF) model are 
summarized in Table 3 and Figure 4, respectively. These effects are measured using 
outcome measures such as Wolf motor function test (WMFT), action research arm 
test (ARAT), nine peg hole test (NPHT), motor activity log (MAL), motor function 
subscale of Fugl-Meyer assessment (FM), upper limb self-efficacy test (UPSET), 
functional magnetic resonance imaging (fMRI), and transmagnetic stimulation 
(TMS) [27, 30, 65–72]. The WMFT, the ARAT, the FM, and the JPHT are measures 
of motor function [30, 68, 69, 73]. The fMRI and TMS are measures of neurophysi-
ological functions [70, 72]. The MAL is a measure of real-world arm use [27, 70, 71]. 
The UPSET is a measure of confidence in the use of the upper limb after stroke [67]. 
However, the effects are restricted to only those who have mild to moderate impair-
ment. Consequently, the inclusion criteria used during CIMT include patients who 
have 10° and 30° of interphalangeal and wrist joints extension, respectively, or those 
that have some level of motor activity enough to enable them practice some tasks 
with the limb [40, 59, 73]. Thus, the existing protocol of CIMT is not a one size fits 
all kind of rehabilitation technique, though the need to investigate how its applica-
tion can be extended to all forms of degree or level of impairment arises.

Effects Examples

Neurophysiological effects Increase in gray matter, increase in cortical map, increase in cortical 
activation, decreased transcallosal inhibition, improvement in central 
conduction time, improvement in resting motor threshold, and prolongation 
of cortical silent period

Kinematics Efficient temporal and spatial movements, improved preplanned movement 
and control

Behavioral Improved real-world arm use, improved use of the hand in activities requiring 
fine motor control, improved motor function, improved gait and balance

Table 3. 
Effects of constraint-induced movement therapy (CIMT).

Figure 4. 
Schematic representation of the effects of constraint-induced movement therapy (CIMT) in stroke patients. 
ADL, activities of daily living.
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4.5 Constraint-induced movement therapy: the future perspective

At the moment, CIMT is administered only to the patients who have mild to 
moderate impairment. These are those who can to some extent perform some 
motor activity with the affected part. However, it is possible to integrate mental 
practice and motor imagery in the existing protocols of CIMT for the benefits of 
those with severe impairment bearing in mind the neurophysiological effect of 
CIMT and its relationship with motor function [64], and the role of mirror neurons 
when actions of a second or third person are observed or when task performance 
is  imagined [74]. This perspective is for the benefit of those who may have severe 
impairment—those who do not have any appreciable motor activity enough to 
enable them perform any task. These forms of CIMT may be called passive CIMT 
(pCIMT) and imagery CIMT (iCIMT), respectively. For the pCIMT, the task/shap-
ing practice should be carried out in high repetition with the affected limb similar to 
the repetition in the standard CIMT, and the unaffected limb should be constrained 
for 90% of the waking hours or less depending on the therapist’s clinical deci-
sion. However, the transfer package component may be initiated or deferred until 
the patients improve in their motor ability that they can use to practice. This too 
depends on the therapist’s clinical decision and reasoning. Similarly, for the iCIMT, 
the patient should be made to observe a second person or third person performing 
task/shaping practice to the required number of repetition as in the normal CIMT 
protocol. Here, the unaffected limb may or may not be constrained.

Another possible perspective is to use the number of repetition as a measure of 
intensity of task/shaping practice during CIMT. Already, there are indications that 
these types of protocols seem to be easier and have similar effectiveness compared 
to the one using number of hours [48, 49]. This is because number of repetition of 
task is important for motor recovery [45, 51, 58].

4.6 A hypothetical case to help enhance problem solving, clinical decision 
making, and clinical reasoning in constraint-induced movement therapy

Mr. MM is a 67-year-old community dwelling man who had a stroke 10 days 
earlier. Before his stroke, he was a very active subsistent farmer. He woke up the 
morning he had the stroke and realized that he was unable to move any part of his 
body. Upon realizing his condition, his family rushed him to a nearby secondary 
health facility where he was diagnosed with a stroke and started receiving care 
accordingly. According to clinical assessments and reports, he had ischemic stroke 
involving the left hemisphere. Mr. MM’s main presentations were inability to sit or 
stand and walk without help from the formal or informal caregivers, and inability 
to use his right upper limb for any activity. Other presentations include inability to 
maintain his position in sitting without help.

In order to design a rehabilitation program using CIMT say for the upper limb 
for this patient, we need to first of all identify his problems. We can identify his 
problem by assessing his level of activity with the upper limb using, for example, 
Wolf motor function test or motor activity log, and being aware of the degree of 
freedom at the joints of the upper limb [27, 31]. Similarly, we can assess the range 
of motion (ROM) in the individual joints and assess the limb for spasticity, for 
instance, using modified Ashworth scale (MAS) [75]. Thereafter, we can develop 
alternative protocols of CIMT for him. For instance, we can decide to plan 6 h or 
less of task/shaping practice for the right limb with constraint for 90% or less of the 
waking hours, or we can plan for 300 or more of task/shaping practice for the right 
limb with constraint for 90% or less of the waking hours divided into two or more 
sessions per day. Additionally, we may decide to manage the patient at home, in the 
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neurophysiological and behavioral, real-world arm use, motor function, activities of 
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ological functions [70, 72]. The MAL is a measure of real-world arm use [27, 70, 71]. 
The UPSET is a measure of confidence in the use of the upper limb after stroke [67]. 
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have 10° and 30° of interphalangeal and wrist joints extension, respectively, or those 
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when actions of a second or third person are observed or when task performance 
is  imagined [74]. This perspective is for the benefit of those who may have severe 
impairment—those who do not have any appreciable motor activity enough to 
enable them perform any task. These forms of CIMT may be called passive CIMT 
(pCIMT) and imagery CIMT (iCIMT), respectively. For the pCIMT, the task/shap-
ing practice should be carried out in high repetition with the affected limb similar to 
the repetition in the standard CIMT, and the unaffected limb should be constrained 
for 90% of the waking hours or less depending on the therapist’s clinical deci-
sion. However, the transfer package component may be initiated or deferred until 
the patients improve in their motor ability that they can use to practice. This too 
depends on the therapist’s clinical decision and reasoning. Similarly, for the iCIMT, 
the patient should be made to observe a second person or third person performing 
task/shaping practice to the required number of repetition as in the normal CIMT 
protocol. Here, the unaffected limb may or may not be constrained.

Another possible perspective is to use the number of repetition as a measure of 
intensity of task/shaping practice during CIMT. Already, there are indications that 
these types of protocols seem to be easier and have similar effectiveness compared 
to the one using number of hours [48, 49]. This is because number of repetition of 
task is important for motor recovery [45, 51, 58].

4.6 A hypothetical case to help enhance problem solving, clinical decision 
making, and clinical reasoning in constraint-induced movement therapy

Mr. MM is a 67-year-old community dwelling man who had a stroke 10 days 
earlier. Before his stroke, he was a very active subsistent farmer. He woke up the 
morning he had the stroke and realized that he was unable to move any part of his 
body. Upon realizing his condition, his family rushed him to a nearby secondary 
health facility where he was diagnosed with a stroke and started receiving care 
accordingly. According to clinical assessments and reports, he had ischemic stroke 
involving the left hemisphere. Mr. MM’s main presentations were inability to sit or 
stand and walk without help from the formal or informal caregivers, and inability 
to use his right upper limb for any activity. Other presentations include inability to 
maintain his position in sitting without help.

In order to design a rehabilitation program using CIMT say for the upper limb 
for this patient, we need to first of all identify his problems. We can identify his 
problem by assessing his level of activity with the upper limb using, for example, 
Wolf motor function test or motor activity log, and being aware of the degree of 
freedom at the joints of the upper limb [27, 31]. Similarly, we can assess the range 
of motion (ROM) in the individual joints and assess the limb for spasticity, for 
instance, using modified Ashworth scale (MAS) [75]. Thereafter, we can develop 
alternative protocols of CIMT for him. For instance, we can decide to plan 6 h or 
less of task/shaping practice for the right limb with constraint for 90% or less of the 
waking hours, or we can plan for 300 or more of task/shaping practice for the right 
limb with constraint for 90% or less of the waking hours divided into two or more 
sessions per day. Additionally, we may decide to manage the patient at home, in the 
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clinic, or provide him with the skills to self-manage. In particular, self-management 
is important for positive outcomes after stroke [76, 77].

After making an informed clinical decision on the choice of the best alterna-
tive or protocol, we can then administer it and reassess or monitor and evaluate its 
progress after sometime. If it works fine, we can decide to continue with it; if it does 
not provide any appreciable outcome, we can decide to choose another alternative 
protocol. This is the clinical reasoning. However, the existing studies on CIMT do 
not especially emphasize on clinical reasoning, rather they give a straightjacket 
prescription of what should be done throughout the period of care whether the 
patients improve better or not. Clinical reasoning is important to physiotherapy 
practice [78]. The process of problem solving, clinical decision making, and clinical 
reasoning in constraint-induced movement therapy is represented in Figure 5.

5. Conclusion

Constraint-induced movement therapy (CIMT) plays a major role in the rehabili-
tation of movement after stroke. Its effects range from improved real-world use of 
the arm, motor function, neurophysiological functions, kinematics, and quality of 
life. The problem is that CIMT is not done for all categories of patients with stroke. 
It is done for only those with mild to moderate impairment. Additionally, there are 
varied protocols of CIMT. Some protocols use number of hours and some others 
use number of repetitions of tasks/shaping practice. The protocols that use number 
of hours of task practice are not clear and are resource intensive, and as such, they 
could interfere with the process of clinical decision making. Consequently, the use 
of number of repetitions of task practice to determine the intensity or the amount of 
task practice may be more appropriate. Secondly, there is a need to extend the use of 

Figure 5. 
Problem solving, clinical decision making, and clinical reasoning in CIMT.
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Abstract

Parkinson’s disease is the second most common neurodegenerative disorder in 
the elderly population. It is a complex, progressive, multisystem disease associated 
with motor and nonmotor impairments. Postural instability is a crucial component 
of functional mobility, often overlooked by both clinicians and patients with 
Parkinson’s disease. It is a refractory drug complication for which rehabilitation is 
the most effective nonpharmacological aid. However, many interventions are based 
on empirical experience. Improving knowledge on the pathophysiology of postural 
control disorders is crucial to understand the multifaceted components affected and 
thus design specific rehabilitation protocols. This chapter intends to offer a compre-
hensive overview of the current knowledge on this topic starting from the patho-
physiology of postural control disorders occurring in various ecological conditions 
to the most innovative multidisciplinary rehabilitation approaches.

Keywords: postural balance, accidental falls, neurological gait dysfunction, 
neurological rehabilitation, virtual reality, robotics

1. Introduction

Postural control is a key component for the safety performance of daily activi-
ties. Specifically, the control of posture is essential to stabilize the body’s center 
of mass (COM) relative to the base of support and for the proper alignment of 
the body with the body’s center of gravity (COG), the support surface, and the 
surrounding environment. Moreover, it facilitates performance of a manual task. 
Postural control disturbances and resulting falls are significant factors determining 
the quality of life (QOL), morbidity, and mortality [1].

Parkinson’s disease (PD) is the second most common neurodegenerative disor-
der affecting 2–3% of the population over 65 years of age [2]. Neuronal loss in the 
substantia nigra causes striatal dopamine deficiency and intracellular inclusions 
containing aggregates of α-synuclein that are the neuropathological hallmarks of 
PD. Multiple other cell types throughout the central and peripheral and autonomic 
nervous systems are also involved, probably from the disease onset. The clinical 
diagnosis relies on the presence of bradykinesia and other cardinal motor features 
such as rigidity, postural instability, and tremor. However, PD is associated with 
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of mass (COM) relative to the base of support and for the proper alignment of 
the body with the body’s center of gravity (COG), the support surface, and the 
surrounding environment. Moreover, it facilitates performance of a manual task. 
Postural control disturbances and resulting falls are significant factors determining 
the quality of life (QOL), morbidity, and mortality [1].

Parkinson’s disease (PD) is the second most common neurodegenerative disor-
der affecting 2–3% of the population over 65 years of age [2]. Neuronal loss in the 
substantia nigra causes striatal dopamine deficiency and intracellular inclusions 
containing aggregates of α-synuclein that are the neuropathological hallmarks of 
PD. Multiple other cell types throughout the central and peripheral and autonomic 
nervous systems are also involved, probably from the disease onset. The clinical 
diagnosis relies on the presence of bradykinesia and other cardinal motor features 
such as rigidity, postural instability, and tremor. However, PD is associated with 
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motor and nonmotor symptoms that add to overall disability and increase the risk 
of postural control disturbances.

Postural control disturbances are one of the most common challenging signs in 
PD and one of the main concerns in rehabilitation. According to a fall retrospective 
study, falls are a significant problem for older people with PD as well as younger 
ones with advanced stages of the disease [3]. Up to 68.3% of people with PD fall 
each year, with around 50% reporting recurrent falls [4]. The most frequent con-
sequences of falling are injuries [5] and fear of falling (FOF), both of which limit 
physical activity and lower QOL [6, 7]. Several factors have been associated with 
recurrent falls in PD, including a positive fall history, disease severity and dura-
tion, motor disturbances, medications, cognitive impairment, FOF, freezing of gait 
(FOG), impaired mobility, and reduced physical activity [8].

Rehabilitation has been considered as a crucial adjuvant to pharmacological and 
surgical treatments in PD to improve postural control, maximize the quality of life, 
and minimize secondary complications. However, many rehabilitation approaches 
are based on empirical experience and lack of knowledge of the underlying patho-
logical mechanisms.

This chapter intends to offer a comprehensive overview of the current knowl-
edge on this topic starting from the pathophysiology of postural control disorders 
occurring in various ecological conditions to the most innovative multidisciplinary 
rehabilitation approaches.

2. Pathophysiology of postural control

Postural control has two main functional goals: postural orientation and 
postural equilibrium. The former involves the active control of body alignment 
and tone to gravity, support surface, the visual environment, and internal refer-
ences [9]. It is based on the interpretation of convergent sensory information from 
somatosensory, vestibular, and visual systems [10]. The latter refers to the coor-
dination of sensorimotor strategies to stabilize the body’s COM within the limits 
of stability imposed by the base of support during self-initiated and externally 
triggered tasks [10]. Body orientation and stabilization are distinct sensorimotor 
processes, and both are critical factors in preventing falls.

The postural control system consists of many subcomponents that may be 
grouped into six main domains: biomechanical constraints, movement strategies 
(i.e., reactive, anticipatory, and voluntary), sensory strategies (i.e., sensory integra-
tion and reweighting), orientation in space (i.e., perception, gravity, vision, and 
verticality), control of dynamics (i.e., gait and proactive), and cognitive process-
ing (i.e., attention and executive functions) (Figure 1). A disorder in any of these 
resources may lead to postural instability and increase the risk of falling.

The assessment of postural control is crucial to determine specific deficits in the 
different subcomponents and to assess fall risk. In particular, instrumental assess-
ment plays a threefold role: (1) understanding the pathophysiology of the postural 
control system, (2) defining clinical diagnosis, and (3) evaluating treatment 
efficacy. Among instruments, quantitative posturography is one of the most useful 
tools [11] because it can be performed during static and dynamic tasks as well as 
under different sensory conditions [11–13]. Other instruments for quantitative 
measurements of balance are stereophotogrammetric devices to measure the whole 
body movements through the detection of retroreflective markers, the pedobarog-
raphy walkways to acquire spatial-temporal features of gait, and wearable inertial 
sensors (WIS) incorporating advanced electronic technologies to monitor func-
tional activities (i.e., sensorized insoles to detect plantar pressures) [13].
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3. Postural control during static tasks

Quiet stance is considered the result of automatic mechanisms working to some 
extent independently of cerebral cortical control. Postural sway in quiet stance 
appears to be increased in the elderly [14]. Patients with PD complain of abnormal 
postural sway even in the early stages of the disease [15–17]. They have increased 
postural sway, predominantly in the mediolateral direction. Center of pressure 
(COP) displacement is more significant in the lateral direction and is generally 
higher in velocity and frequency than in healthy subjects. Increased mediolateral 
COP displacement has been associated with an increased risk of falling [18, 19].

With eyes closed in the quiet stance, COP displacement is increased in the 
majority of healthy people, but it is markedly increased in patients with PD [15, 16]. 
The weaker performance of PD patients suggests that movement strategies and sen-
sory integration deficits are both involved in these automatic tasks that also involve 
cognitive control and higher order cortical function [20]. For example, PD patients 
performing a cognitive and motor task in a quiet stance (dual-task condition) show 
increased sway velocity and area. Dyskinesia might contribute to the increased 
postural sway in patients with the more advanced stage of the disease, and this may 
contribute, at least in part, to the higher risk of falling that advanced PD patients 
experience during ON [21, 22].

Interesting results have been obtained with brain stimulation techniques. 
Pallidotomy and deep brain stimulation (DBS) of the globus pallidus internus may 
reduce postural sway, whereas conflicting results after subthalamic nucleus DBS 
have been reported [17, 23].

3.1 Biomechanical constraints

Several biomechanical constraints can affect balance: the base of support, the 
degree of joint freedom, limits of stability, and muscle strength [10]. The base of 
support is defined as the horizontal stride width in the double-support condition, 
with the feet in contact with the floor and the center of gravity (COG) within feet 
[24]. The limits of stability refer to the maximal excursion of the COM in different 

Figure 1. 
Resources required for postural control.
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motor and nonmotor symptoms that add to overall disability and increase the risk 
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Postural control has two main functional goals: postural orientation and 
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ences [9]. It is based on the interpretation of convergent sensory information from 
somatosensory, vestibular, and visual systems [10]. The latter refers to the coor-
dination of sensorimotor strategies to stabilize the body’s COM within the limits 
of stability imposed by the base of support during self-initiated and externally 
triggered tasks [10]. Body orientation and stabilization are distinct sensorimotor 
processes, and both are critical factors in preventing falls.

The postural control system consists of many subcomponents that may be 
grouped into six main domains: biomechanical constraints, movement strategies 
(i.e., reactive, anticipatory, and voluntary), sensory strategies (i.e., sensory integra-
tion and reweighting), orientation in space (i.e., perception, gravity, vision, and 
verticality), control of dynamics (i.e., gait and proactive), and cognitive process-
ing (i.e., attention and executive functions) (Figure 1). A disorder in any of these 
resources may lead to postural instability and increase the risk of falling.

The assessment of postural control is crucial to determine specific deficits in the 
different subcomponents and to assess fall risk. In particular, instrumental assess-
ment plays a threefold role: (1) understanding the pathophysiology of the postural 
control system, (2) defining clinical diagnosis, and (3) evaluating treatment 
efficacy. Among instruments, quantitative posturography is one of the most useful 
tools [11] because it can be performed during static and dynamic tasks as well as 
under different sensory conditions [11–13]. Other instruments for quantitative 
measurements of balance are stereophotogrammetric devices to measure the whole 
body movements through the detection of retroreflective markers, the pedobarog-
raphy walkways to acquire spatial-temporal features of gait, and wearable inertial 
sensors (WIS) incorporating advanced electronic technologies to monitor func-
tional activities (i.e., sensorized insoles to detect plantar pressures) [13].
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postural sway, predominantly in the mediolateral direction. Center of pressure 
(COP) displacement is more significant in the lateral direction and is generally 
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majority of healthy people, but it is markedly increased in patients with PD [15, 16]. 
The weaker performance of PD patients suggests that movement strategies and sen-
sory integration deficits are both involved in these automatic tasks that also involve 
cognitive control and higher order cortical function [20]. For example, PD patients 
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increased sway velocity and area. Dyskinesia might contribute to the increased 
postural sway in patients with the more advanced stage of the disease, and this may 
contribute, at least in part, to the higher risk of falling that advanced PD patients 
experience during ON [21, 22].

Interesting results have been obtained with brain stimulation techniques. 
Pallidotomy and deep brain stimulation (DBS) of the globus pallidus internus may 
reduce postural sway, whereas conflicting results after subthalamic nucleus DBS 
have been reported [17, 23].

3.1 Biomechanical constraints

Several biomechanical constraints can affect balance: the base of support, the 
degree of joint freedom, limits of stability, and muscle strength [10]. The base of 
support is defined as the horizontal stride width in the double-support condition, 
with the feet in contact with the floor and the center of gravity (COG) within feet 
[24]. The limits of stability refer to the maximal excursion of the COM in different 
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directions without changing the base of support (e.g., taking a step or falling). 
The central nervous system (CNS) has an internal representation of the limits of 
stability, which it uses to define the amplitude of movements to maintain balance. 
Basal ganglia dysfunction in patients with PD results in an abnormal representation 
of these limits of stability leading to postural control disorders [10]. In quiet stance, 
PD patients have an altered perception of these limits and display slower movement 
toward the limits, especially in the forward direction [25]. This slowness of COM 
movements has been related to the fear of falling (FOF) [7]. As to pharmacological 
treatments, levodopa therapy has been demonstrated to increase the perception of 
limits of stability and the velocity of COM displacement [25].

Muscle strength deficits along with muscle imbalance (i.e., muscle cocontrac-
tion) are important determinants of postural control disorders in PD. These 
impairments have rarely been investigated [26–30]. Although the specific causes 
of muscle weakness in PD are unknown and not explicitly related to tremor or 
rigidity, central and peripheral mechanisms might be put forward. Finally, whether 
muscle weakness is intrinsic to the disease or a secondary phenomenon is still under 
debate [28]. Inkster et al. [27] investigated the maximal concentric isokinetic knee 
and hip extensor torque in 10 men with mild PD using an isokinetic dynamometer. 
Data were compared with normative values collected in 10 sex- and age-matched 
controls. The PD patients were tested in both ON- and OFF-medication state on dif-
ferent days. The data showed that mean hip and knee extensor torques were lower in 
the PD patients, with more significant deficits at the hip. Greater hip strength was 
related to better sit-to-stand (STS) ability in the PD patients, whereas greater knee 
strength was related to better STS ability in the controls.

Durmus et al. [29] measured lower limb isokinetic muscle strength to investigate 
whether weakness in specific muscle may be associated with clinical severity and 
falls in 25 patients diagnosed with PD and 24 healthy volunteers.

A significant decrease in isokinetic muscle strength measured using an iso-
kinetic dynamometer was observed in the PD patients, especially in the hip and 
knee flexors and extensors. Decreased muscle strength was independent of velocity 
but correlated with clinical severity and falls.

Allen et al. [26] investigated the relationship between leg extensor muscle power 
(i.e., the product of strength and speed of muscle contraction as a measure of the 
ability to use muscles quickly) and strength and the association with past falls and 
walking in 40 PD patients with mild-to-moderate PD. Patients with low muscle 
power were 6 times more likely to report multiple falls in the past 12 months than 
those with high muscle power. Although the association between falls and power 
was no longer significant after adjusting for the Unified Parkinson’s Disease Rating 
Scale (UPDRS) motor score, muscle power was more strongly associated with past 
falls than muscle strength. This suggests that not only the force of contraction but 
also the velocity at which it can be generated determines the ability to perform 
physical activities and to recover from a loss of balance to prevent falls.

The importance of isokinetic muscle strength and power evaluation as a use-
ful tool in the assessment of clinical severity and falls in PD has been emphasized 
[29–31]. Muscle power, muscle strength, and bradykinesia are potential targets for 
physical therapy interventions.

3.2 Movement strategies

Three postural strategies can be distinguished: ankle strategies, hip strategies, 
and stepping strategies. The ankle strategy refers to movements at the ankles in 
response to backward and forward tilt involving the distal muscles such as the tibi-
alis anterior and the gastrocnemius muscles, respectively. This strategy is generally 
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implemented to counteract small perturbations leaving feet in place (without the 
base of support enlargement).

The hip strategy consists of quick movements at the hip to maintain uprightness 
in more precarious conditions. Finally, the stepping strategy is used when perturba-
tions occur or before reaching the limits of stability to return the COM to within the 
base of support. This strategy requires taking a step to enlarge the base of support. 
Together with these movement strategies, upper limb reactions may be employed to 
increase the limits of stability. In healthy subjects, the latency of the ankle and hip 
strategies is shorter (100 ms) than the stepping strategy (250 ms) [32]. In a quiet 
stance, the increase in mediolateral sway reflects decreasing postural control at the 
hip, whereas control in the anteroposterior direction is mainly related to activation 
of the ankle strategy [16]. Individuals with higher risk use the hip strategy more 
than those with a lower risk who use mainly ankle strategies.

Patients with PD have slower postural responses when in the OFF medication 
state [33]. Slowed postural adjustment induces a delay in returning of COM within 
the base of support, which exposes the patient to a higher risk of falling. Abnormal 
muscle activation such as cocontraction and short-duration bursting might further 
impair postural responses in PD [33, 34]. In the early stage of PD, balance is asym-
metrically controlled in some patients with PD with the less affected leg producing 
more corrective joint torque than the other leg to maintain postural control [35]. 
Balance performance was evaluated in 20 PD patients and 11 healthy matched 
controls during 2 independent continuous multiline perturbations in the forward-
backward direction. Applying closed-loop system identification techniques, relat-
ing the body sway angle to the joint torques of each leg separately, the investigators 
measured the relative contribution of each ankle and hip joint to the total amount 
of joint torque. The controls exhibited symmetric balance control. In contrast, the 
balance contribution of the less affected leg was higher than that of the leg of the 
more affected side in PD patients. The ratio between the legs helped to preserve a 
standard motor output at the ankle. These results suggest that PD patients com-
pensate for postural control asymmetries by increasing the relative contribution of 
the less affected leg. This compensation appears to be successful at the ankle but is 
accompanied by increased stiffness at the hip [35]. Besides, other components such 
as intention, experience, and expectation can influence the movement strategy 
selection and the magnitude of postural responses [36].

Because of the impairment in the stepping strategy, patients with PD are unable 
to take steps wide enough to keep COM displacement within the base of support and 
so take additional steps. However, because such protective steps may not be signifi-
cant enough to arrest movement of the COM, new stepping produces propulsion (if 
the COM is displaced forward) or retropulsion (if the COM is displaced backward). 
While healthy individuals take a compensatory step with no or only one anticipatory 
postural response, PD patients, especially those with freezing of gait (FOG), are 
often noted to make several anticipatory postural adjustments before stepping [37]. 
This delayed execution of the step is associated with “trembling of the knees” and 
increases the risk of falls [38]. Similar to voluntary steps, the size of automatically 
triggered protective stepping responses is improved by visual cues [39].

Postural abnormalities in PD are drug-refractory complications that affect 
postural reaction for balance maintenance [10]. The pathological underpinnings 
of camptocormia, antecollis, Pisa syndrome, and scoliosis have not yet been fully 
characterized, but either central or peripheral mechanisms might be the reasons 
for such deformities. Central mechanisms, such as trunk and lower limb muscle 
dystonia, may play a crucial role. Electromyography (EMG) studies in patients with 
PD and the Pisa syndrome [40–42] have shown greater activation of the paraspinal 
and nonparaspinal muscles bilaterally (cocontraction), ipsilateral or contralateral 
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directions without changing the base of support (e.g., taking a step or falling). 
The central nervous system (CNS) has an internal representation of the limits of 
stability, which it uses to define the amplitude of movements to maintain balance. 
Basal ganglia dysfunction in patients with PD results in an abnormal representation 
of these limits of stability leading to postural control disorders [10]. In quiet stance, 
PD patients have an altered perception of these limits and display slower movement 
toward the limits, especially in the forward direction [25]. This slowness of COM 
movements has been related to the fear of falling (FOF) [7]. As to pharmacological 
treatments, levodopa therapy has been demonstrated to increase the perception of 
limits of stability and the velocity of COM displacement [25].

Muscle strength deficits along with muscle imbalance (i.e., muscle cocontrac-
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impairments have rarely been investigated [26–30]. Although the specific causes 
of muscle weakness in PD are unknown and not explicitly related to tremor or 
rigidity, central and peripheral mechanisms might be put forward. Finally, whether 
muscle weakness is intrinsic to the disease or a secondary phenomenon is still under 
debate [28]. Inkster et al. [27] investigated the maximal concentric isokinetic knee 
and hip extensor torque in 10 men with mild PD using an isokinetic dynamometer. 
Data were compared with normative values collected in 10 sex- and age-matched 
controls. The PD patients were tested in both ON- and OFF-medication state on dif-
ferent days. The data showed that mean hip and knee extensor torques were lower in 
the PD patients, with more significant deficits at the hip. Greater hip strength was 
related to better sit-to-stand (STS) ability in the PD patients, whereas greater knee 
strength was related to better STS ability in the controls.

Durmus et al. [29] measured lower limb isokinetic muscle strength to investigate 
whether weakness in specific muscle may be associated with clinical severity and 
falls in 25 patients diagnosed with PD and 24 healthy volunteers.

A significant decrease in isokinetic muscle strength measured using an iso-
kinetic dynamometer was observed in the PD patients, especially in the hip and 
knee flexors and extensors. Decreased muscle strength was independent of velocity 
but correlated with clinical severity and falls.

Allen et al. [26] investigated the relationship between leg extensor muscle power 
(i.e., the product of strength and speed of muscle contraction as a measure of the 
ability to use muscles quickly) and strength and the association with past falls and 
walking in 40 PD patients with mild-to-moderate PD. Patients with low muscle 
power were 6 times more likely to report multiple falls in the past 12 months than 
those with high muscle power. Although the association between falls and power 
was no longer significant after adjusting for the Unified Parkinson’s Disease Rating 
Scale (UPDRS) motor score, muscle power was more strongly associated with past 
falls than muscle strength. This suggests that not only the force of contraction but 
also the velocity at which it can be generated determines the ability to perform 
physical activities and to recover from a loss of balance to prevent falls.

The importance of isokinetic muscle strength and power evaluation as a use-
ful tool in the assessment of clinical severity and falls in PD has been emphasized 
[29–31]. Muscle power, muscle strength, and bradykinesia are potential targets for 
physical therapy interventions.

3.2 Movement strategies

Three postural strategies can be distinguished: ankle strategies, hip strategies, 
and stepping strategies. The ankle strategy refers to movements at the ankles in 
response to backward and forward tilt involving the distal muscles such as the tibi-
alis anterior and the gastrocnemius muscles, respectively. This strategy is generally 
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stance, the increase in mediolateral sway reflects decreasing postural control at the 
hip, whereas control in the anteroposterior direction is mainly related to activation 
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than those with a lower risk who use mainly ankle strategies.

Patients with PD have slower postural responses when in the OFF medication 
state [33]. Slowed postural adjustment induces a delay in returning of COM within 
the base of support, which exposes the patient to a higher risk of falling. Abnormal 
muscle activation such as cocontraction and short-duration bursting might further 
impair postural responses in PD [33, 34]. In the early stage of PD, balance is asym-
metrically controlled in some patients with PD with the less affected leg producing 
more corrective joint torque than the other leg to maintain postural control [35]. 
Balance performance was evaluated in 20 PD patients and 11 healthy matched 
controls during 2 independent continuous multiline perturbations in the forward-
backward direction. Applying closed-loop system identification techniques, relat-
ing the body sway angle to the joint torques of each leg separately, the investigators 
measured the relative contribution of each ankle and hip joint to the total amount 
of joint torque. The controls exhibited symmetric balance control. In contrast, the 
balance contribution of the less affected leg was higher than that of the leg of the 
more affected side in PD patients. The ratio between the legs helped to preserve a 
standard motor output at the ankle. These results suggest that PD patients com-
pensate for postural control asymmetries by increasing the relative contribution of 
the less affected leg. This compensation appears to be successful at the ankle but is 
accompanied by increased stiffness at the hip [35]. Besides, other components such 
as intention, experience, and expectation can influence the movement strategy 
selection and the magnitude of postural responses [36].

Because of the impairment in the stepping strategy, patients with PD are unable 
to take steps wide enough to keep COM displacement within the base of support and 
so take additional steps. However, because such protective steps may not be signifi-
cant enough to arrest movement of the COM, new stepping produces propulsion (if 
the COM is displaced forward) or retropulsion (if the COM is displaced backward). 
While healthy individuals take a compensatory step with no or only one anticipatory 
postural response, PD patients, especially those with freezing of gait (FOG), are 
often noted to make several anticipatory postural adjustments before stepping [37]. 
This delayed execution of the step is associated with “trembling of the knees” and 
increases the risk of falls [38]. Similar to voluntary steps, the size of automatically 
triggered protective stepping responses is improved by visual cues [39].

Postural abnormalities in PD are drug-refractory complications that affect 
postural reaction for balance maintenance [10]. The pathological underpinnings 
of camptocormia, antecollis, Pisa syndrome, and scoliosis have not yet been fully 
characterized, but either central or peripheral mechanisms might be the reasons 
for such deformities. Central mechanisms, such as trunk and lower limb muscle 
dystonia, may play a crucial role. Electromyography (EMG) studies in patients with 
PD and the Pisa syndrome [40–42] have shown greater activation of the paraspinal 
and nonparaspinal muscles bilaterally (cocontraction), ipsilateral or contralateral 
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to trunk leaning or in camptocormia at the abdominal wall muscles than in healthy 
subjects. Peripheral mechanisms, such as myopathy and degenerative spinal and 
soft tissue changes, may all lead to muscle imbalance, weakness, and compensatory 
posture [43].

So far, the presumed effect of posture misalignments in postural control (i.e., 
Pisa syndrome) has been partially elucidated. Recent data indicate that the Pisa 
syndrome is associated with abnormal postural responses to maintain postural 
uprightness with significantly higher body sway velocity in the anteroposterior and 
mediolateral directions [44]. It means that a misalignment of posture may nega-
tively influence postural and balance responses in PD patients and may be further 
comprised in patients unaware of their misalignment.

3.3 Sensory strategies

The ability of the CNS to use vestibular, somatosensory, and visual inputs to 
create a system of coordinates on which the body’s postural control is based [45] is 
crucial to maintaining uprightness. In quite stance, healthy subjects rely on somato-
sensory (70%), vestibular (20%), and visual (10%) system inputs [46].

Sensory reweighting refers to the ability of the nervous system to integrate the 
different sources of information as well as changes in the surrounding environment. 
It means that sensory integration deficits may be related not only to dysfunction at 
the source but also to the ability to quickly change sensory weighting in different 
conditions (i.e., eyes open, eyes closed, and altered feet contact surface). Patients 
in the more advanced stage of PD have difficulty in maintaining uprightness on 
unstable surfaces with eyes closed [19], which is probably also related to a signifi-
cant reduction in incoming proprioception information [47].

Finally, PD patients with posture misalignment might rely mostly on visual 
inputs to control their posture and postural reactions [44].

3.4 Orientation in space

Body alignment is defined as the relationship between body parts to one another 
and the ability to orient them to gravity, the base of support, and the surrounding 
environment. The nervous system in healthy humans is automatically able to mod-
ify body orientation in space according to the task and context in which a person is 
involved. In an experimental dark condition, healthy individuals can identify the 
gravitational vertical within 0.5° [10] according to multiple neural representations 
of verticality, or uprightness [48].

A tilted or inaccurate internal representation of verticality may affect postural 
alignment about gravity and lead to postural disorders. An altered sense of verti-
cality in PD patients has been related to an impairment of the proprioceptive and 
somatosensory integration system [49], which affects the position of the body’s 
COM over the base of support and makes patients more vulnerable to falls. Whether 
postural misalignment in PD (i.e., camptocormia, Pisa syndrome, antecollis, and 
scoliosis) depends on the inaccurate internal representation of verticality is still 
under investigation [50].

4. Postural control during dynamic tasks

The central nervous system uses compensatory postural adjustments (CPAs) 
and anticipatory postural adjustments (APAs) to maintain balance during dynamic 
and goal-oriented tasks [10] (Figure 2).
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The former serves to restore the position of COM after a perturbation has occurred 
[32, 51]. CPAs rely mostly on the somatosensory and vestibular systems to determine 
the extent and type of perturbation and then to trigger the proper postural strategies. 
These postural responses are spinal and supraspinal polysynaptic responses and trig-
gered by the difference between the actual and planned ankle joint trajectories [52].

The latter serves to minimize displacement of the COM before a perturbation 
[51–53]. Usually, APAs are associated with voluntary movements to reduce the 
effects of forthcoming disturbances by predicting the disturbance onset [53]. 
Another mode of APA control refers to the capability to detect potential environ-
mental hazards and to implement the right postural adjustment before the risk 
event. In this context, vision and attention are critical factors in the early detection 
of potential balance threats, whereas complex sensorimotor integration processes 
are initiated to modify walking behavior to prevent falls promptly [54].

CPAs and APAs are thought to be involved in forming the so-called internal 
model, which is the internal representation of “motor and sensory signals related to 
a specific motor execution” [55]. An “internal model” exists for both the upper and 
the lower limbs [56]. In the lower limbs, the model adjusts for postural perturbation 
and novel dynamic environments during walking. Electrophysiological studies have 
emphasized that a combination of abnormal CPAs and APAs contributes to postural 
control disturbances in PD [57].

Different control mechanisms are involved during a static and dynamic task. 
However, postural control and active tasks are tightly intertwined. Significant insights 
into this topic have been gained from studies employing a battery of complementary 
research techniques, including electrophysiological techniques, and detailed postural 
control clinical evaluations (i.e., posturography) during dynamic tasks.

The sit-to-stand task, for instance, requires mainly APAs to displace the COM 
over the base of support before planning the sequence of movements to raise the body 
from a chair [58]. The inability of PD patients to perform this task may depend on 
altered APAs that do not allow bringing the COM adequately forward over the feet 
before the liftoff from a chair. In the early stage of the disease, patients show exagger-
ated movement preparation when performing the sit-to-stand tasks [59], whereas in 
the more advanced disease stages, reduced APAs have been measured [60].

Locomotion can be seen, in fact, as a four-step repeated sequence of balance 
challenges: gait initiation and generation of continuous movements to move 
forward and maintenance of postural equilibrium during progression; adaptability 
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to any changes in the environment or other simultaneous tasks; gait termination 
[52]. Locomotion involves an intricate interplay between environmental conditions, 
goals, biomechanical constraints, sensory integration processes, and cognitive 
resources [61, 62]. All these aspects (alone or in combination) are impaired in PD 
patients.

Latash et al. reported that APA deficit might reflect disorders in the fundamen-
tal processes of preparation and initiation of a motor act [63]. Bradykinesia, one 
of the cardinal manifestations of PD, results from a failure of basal ganglia output 
to reinforce the cortical mechanisms involved in the preparation and execution of 
motor commands [64]. The resulting cortical deficit primarily involves the midline 
motor areas and is responsible for the difficulty in performing self-paced move-
ments, for prolonged reaction times, and abnormal premovement electroencepha-
lographic activity [64]. During task performance, the brain tries to compensate 
to some degree for the basal ganglia deficit by overactivating the lateral premotor 
areas. When compared with healthy subjects, PD patients have a lower amplitude 
of premotor potential during self-initiated movements, and underactivation of the 
supplementary motor area, anterior cingulate, left putamen, left insular cortex, 
right dorsolateral prefrontal cortex, and right parietal areas [65]. In contrast, no 
significant differences in early premotor potentials were found between PD patients 
and healthy subjects when externally triggered movements were performed. These 
findings confirm that the deficit in self-initiated movements in PD depends on the 
midline motor areas under activation and explain why movements can be speeded 
by sensory cues [66, 67].

Gait initiation refers to the capability to activate APAs that are essential to 
unload the swing leg and create the conditions for progression according to a highly 
stereotypical preparation muscle pattern activation. Moreover, the APA amplitude 
and duration are predictive of the subsequent peak step velocity [68]. Gait initiation 
disturbances in PD consist of the delayed release of APAs and hypokinetic anticipa-
tory (reduced scaling) and bradykinetic APAs (abnormal timing) [68]. The most 
severe forms of gait initiation are the FOG and other phenomena such as the “knee 
trembling,” which have been recognized as a sign of impaired APAs in PD patients 
with FOG [38]. FOG is a debilitating phenomenon during which the subject is 
suddenly unable to start walking or continue to move forward. It is usually thought 
to occur in the late stage of PD, but it also occurs in the early stages of idiopathic 
PD. FOG has been defined as a paroxysmal phenomenon, and little is known 
about its physiopathology. The influence of emotion, attention, external triggers, 
and dopaminergic drugs on gait initiation disturbances suggests the existence of 
multifactorial pathophysiology involving multiple nervous networks.

The generation of continuous movements to move forward and the processing 
of load-related input by the spinal cord central pattern generators are impaired in 
PD patients. It is associated with a reduction of leg extensor muscle activation and 
an enhanced leg flexor activity in the stance phase [52]. This pattern is associated 
with greater tibialis anterior muscle activity during the swing phase of gait that 
might reflect the stronger control of stance and gait in these patients by the visual 
system. Visual information can substitute to some extent reduced proprioception 
[69] improving walking [62].

Adaptability and variability in gait are related to the increased risk of falling 
and the decline in mobility [70]. Patients with PD showed more variability in step 
length and step time during gait than healthy subjects and freezers have a higher 
spatial gait variability between freezing episodes [71]. Variability in stride-time 
intervals is related to dynamic postural control, and it is associated with activation 
in the medial sensorimotor cortices, as measured using functional near-infrared 
spectroscopy (fNIRS) system [72]. The variability in stride-time intervals while 
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walking forward was correlated with maximum activation in the precentral gyrus 
and supplementary motor area. However, activation in these areas and superior 
parietal lobule was higher when the subjects walked backward than forward 
suggesting that backward walking is a challenging task to the nervous system as it 
controls the stepping pattern [72]. Stride-to-stride variability is markedly increased 
among PD patients with FOG as compared to those without FOG, indicating 
that the inability to control cadence may play an essential role in this debilitating 
phenomenon. The effects of the dopamine-mediated pathways on stride-to-stride 
regulation and the role of attentional processes are thought to trigger FOG.

Literature on gait termination disorders in PD is scant. PD patients have difficul-
ties in anticipating future target motion, which may play a role for the mechanisms 
involved in changing direction during gait and gait termination [73]. In contrast, 
their capacity of building up an internal representation of continuous target motion 
remains unimpaired. It may explain the clinical effects of medical devices that use 
visual motion to improve gait initiation (e.g., “PD glasses”). Further studies on the 
clinical effects of gait termination are needed.

Other relevant tasks concern difficulty turning during gait. Turning is a signifi-
cant contributor to mobility disability, falls, and reduced quality of life in patients 
with PD [74]. It requires a complex integration between functionally different con-
trol mechanisms characterized by an upweighting of vestibular inputs and anticipa-
tory postural adjustments [75]. Turning is accomplished by a top-down temporal 
sequence of body segment rotations that begins with an anticipatory redirection 
of gaze (saccade) toward the new heading direction. Increasing evidence suggests 
that eye movement is critical for turning control and that when the eyes are con-
strained, or participants have difficulty making eye movements, steering control 
is disrupted [76]. It has been demonstrated that APAs can be affected by the turn 
angle, the pivot foot, and speed and that they occur during the prior step. Healthy 
subjects usually lean backward and sideward on the previous step in anticipation 
of the turn, suggesting that the motor system uses central control mechanisms to 
predict the required anticipatory adjustments and organizes body configuration by 
the movement goal [75]. Animal studies have demonstrated that the basal ganglia 
network is involved in the posture-kinetic changes associated with turning and 
orientating behavior and that even PD patients with mild clinical impairment and 
no significant abnormalities in linear walking may exhibit turning disturbances 
[77]. PD patients show increased turn duration, a higher number of steps to turn, 
and difficulty in changing motor patterns from a straight line to turning [78, 79] 
even if their ability to scale movement speed and amplitude appears to be pre-
served. Moreover, altered oculomotor control is responsible for fewer, slower, and 
smaller preparatory saccades approaching a turn. Visuospatial dysfunction plays a 
central role in gait disturbance in PD, especially when navigating through complex 
environments [80].

Specific movement deficits in PD can be classified into perpendicular deficits 
(taking more steps and shorter steps and an altered turn strategy) and axial deficits 
(segment rigidity, altered segment coordination and timing, reduced segment 
rotation, and the effects of altered posture). Furthermore, FOF influences turning 
metrics in PD patients rather than a positive fall history [81]. Therefore, the specific 
focus should be made to the assessment and rehabilitation of the axial deficits 
alongside those of the straight body segments in the design of multimodal treat-
ment strategies to improve turning performance.

The relationship between cognitive function and balance “per se” has rarely 
been investigated. In contrast, a growing body of evidence indicated the role played 
by cognition in the control of gait. Gait is considered an activity that requires 
executive function, visuospatial abilities, memory resources, and attention as well 
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about its physiopathology. The influence of emotion, attention, external triggers, 
and dopaminergic drugs on gait initiation disturbances suggests the existence of 
multifactorial pathophysiology involving multiple nervous networks.
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walking forward was correlated with maximum activation in the precentral gyrus 
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suggesting that backward walking is a challenging task to the nervous system as it 
controls the stepping pattern [72]. Stride-to-stride variability is markedly increased 
among PD patients with FOG as compared to those without FOG, indicating 
that the inability to control cadence may play an essential role in this debilitating 
phenomenon. The effects of the dopamine-mediated pathways on stride-to-stride 
regulation and the role of attentional processes are thought to trigger FOG.
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involved in changing direction during gait and gait termination [73]. In contrast, 
their capacity of building up an internal representation of continuous target motion 
remains unimpaired. It may explain the clinical effects of medical devices that use 
visual motion to improve gait initiation (e.g., “PD glasses”). Further studies on the 
clinical effects of gait termination are needed.

Other relevant tasks concern difficulty turning during gait. Turning is a signifi-
cant contributor to mobility disability, falls, and reduced quality of life in patients 
with PD [74]. It requires a complex integration between functionally different con-
trol mechanisms characterized by an upweighting of vestibular inputs and anticipa-
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sequence of body segment rotations that begins with an anticipatory redirection 
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that eye movement is critical for turning control and that when the eyes are con-
strained, or participants have difficulty making eye movements, steering control 
is disrupted [76]. It has been demonstrated that APAs can be affected by the turn 
angle, the pivot foot, and speed and that they occur during the prior step. Healthy 
subjects usually lean backward and sideward on the previous step in anticipation 
of the turn, suggesting that the motor system uses central control mechanisms to 
predict the required anticipatory adjustments and organizes body configuration by 
the movement goal [75]. Animal studies have demonstrated that the basal ganglia 
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orientating behavior and that even PD patients with mild clinical impairment and 
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and difficulty in changing motor patterns from a straight line to turning [78, 79] 
even if their ability to scale movement speed and amplitude appears to be pre-
served. Moreover, altered oculomotor control is responsible for fewer, slower, and 
smaller preparatory saccades approaching a turn. Visuospatial dysfunction plays a 
central role in gait disturbance in PD, especially when navigating through complex 
environments [80].

Specific movement deficits in PD can be classified into perpendicular deficits 
(taking more steps and shorter steps and an altered turn strategy) and axial deficits 
(segment rigidity, altered segment coordination and timing, reduced segment 
rotation, and the effects of altered posture). Furthermore, FOF influences turning 
metrics in PD patients rather than a positive fall history [81]. Therefore, the specific 
focus should be made to the assessment and rehabilitation of the axial deficits 
alongside those of the straight body segments in the design of multimodal treat-
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as the judgment of external and internal cues. Some morphological and functional 
neuroimaging studies have offered evidence supporting the relationship between 
gait and cognitive resource functional neuroimaging studies.

5. Rehabilitation approaches

Patients with PD show impairments in many aspects of postural control 
including rigidity affecting biomechanical constraints, bradykinesia of postural 
adjustments, impaired sensory integration processes, and bradykinetic gait with 
freezing. Postural control disorders are disabling and drug-refractory complications 
in PD. In this context, rehabilitation is crucial to maximize functional ability and 
minimize secondary complications within the context of education and support. 
Rehabilitation can ameliorate postural control through practice and enables patients 
to benefit from exercises that challenge their gait and postural control. Initially, 
practical experience has driven the rehabilitation of postural control disorders. 
However, improvements in understanding the mechanisms underlying postural 
control disorders in PD have ultimately lead us to improve the management 
strategies.

Since the pathophysiology of postural control disorders is multifaceted, the 
different rehabilitative approaches proposed in literature should be combined 
in a comprehensive rehabilitation program addressing all the affected domains. 
Moreover, according to the disease stage, specific rehabilitation approaches should 
be proposed.

Patients and their family members should be advised on the importance of 
maintaining adequate motor activity to preserve motor function and prevent the 
decline in mobility starting soon after the diagnosis. At relatively early stages of the 
disease, the importance of home exercise routines such as Nordic walking, treadmill 
training, and balance training consisting of a combination of strengthening and 
balance exercises may lead to an improvement in self-perceived performance in 
daily activities and reduce the gradual decline in mobility [83–88]. At this stage, 
dance therapy and martial arts might improve significantly postural control with 
a decrease in falls [83] and offer the advantage of social engagement, from an ICF 
perspective. Exercises aimed at improving sensorimotor integration are crucial, and 
in the early stage of the disease, they can be carried out using virtual reality sce-
narios and exergaming. Virtual reality has emerged as a therapeutic tool facilitating 
motor learning for balance and gait rehabilitation [84] especially in the early stages 
of the disease as home rehabilitation interventions [85].

With the progression of the disease, home exercise routines need to be pro-
gressively supported by specific rehabilitation interventions delivered by health 
professionals. In the comprehensive management of patients with PD, the pres-
ence of limiting factors such as motor fluctuations (on/off phase), dyskinesia, 
fatigue, and the cognitive status should be taken into account. Previous reviews 
emphasized the role of exercises that challenge various PD-specific component 
of postural control including the stability limits, APAs, CPAs, and dynamic 
stability [82]. In the advanced stage of the disease, the rehabilitation of postural 
disorders might be enriched using technological devices. Robotic rehabilitation 
is a rapidly growing field of application. The primary advantage of using robot 
technologies is the possibility to deliver high-dosage and high-intensity training. 
A recent systematic review [83] analyzed safety, feasibility, and effectiveness 
of exergaming for PD and demonstrated that people with PD were able to play 
exergames, enjoyed playing, and showed some improvements in motor symptoms 
(balance). Furthermore, MI and AOT demonstrated potential benefit in PD 
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patients because of improvement in motor skills by enhancing proprioceptive 
signals normally  generated during movements and activation of the mirror neuron 
system,  respectively [83].

Growing evidence has suggested that rehabilitation could induce long-lasting 
and clinically meaningful benefits, particularly for postural control and gait. These 
training effects may be associated with exercise-induced neuroplasticity phenom-
ena by increasing synaptic strength and influencing neurotransmission [82].

To date, there is still no consensus about the optimal rehabilitation approach 
ought to an extensive heterogeneity of interventions (i.e., stretching, muscle 
strengthening, balance, postural exercises, occupational therapy, cueing, and 
treadmill training) [83]. Indeed, these interventions bring additional benefits 
when combined with “conventional rehabilitation” in the context of specific 
theory-driven protocols. The number of practice variables (i.e., duration, inten-
sity, specificity, and complexity) needs to be tailored to the individual patients’ 
characteristics. Besides, the interplay between higher-order neural function 
and postural control has many clinical implications, ranging from integrated 
assessment tools to possible innovative lines of interventions, including cognitive 
therapy for fall prevention on the one hand and walking program for reducing 
cognitive decline risk on the other.

6. Conclusion

The new knowledge on the effects of environment and task on postural control 
in individuals with Parkinson’s disease is fascinating and emphasized the com-
plicated interplay between cognitive and sensorimotor processes. Improvements 
in understanding these mechanisms have ultimately improved the management 
strategies in rehabilitation. To date, specific rehabilitation approaches can be 
selected according to the stage of the disease and the specific postural control 
impairment.

Appendices and nomenclature

APAs anticipatory postural adjustments
CNS central nervous system
COG center of gravity
COM center of mass
COP center of pressure
CPAs compensatory postural adjustments
DBS deep brain stimulation
EMG electromyography
fNIRS functional near-infrared spectroscopy
FOF fear of falling
FOG freezing of gait
PD Parkinson’s disease
QOL quality of life
STS sit-to-stand
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FOF fear of falling
FOG freezing of gait
PD Parkinson’s disease
QOL quality of life
STS sit-to-stand
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Chapter 4

Physical Rehabilitation in the 
Management of Symptomatic 
Adult Scoliosis
Shu-Yan Ng, Tsz-Ki Ho and Yin-Ling Ng

Abstract

Scoliosis is prevalent in elderlies over the age of 60. Of the different curve types, 
the thoracolumbar curve is the most common curve type operated upon, as it is 
associated with marked trunk shift and disability. Current physiotherapy treat-
ments consist of electrotherapy, aquatic exercises, core-strengthening exercises, 
and dry needling. Outcome of these treatments has not been satisfactory. Long-
term successful rate of conservative treatment of symptomatic adult scoliosis is low, 
as the treatment addresses symptoms but not the biomechanics involved in adult 
scoliosis. Recent studies have shown that physiotherapeutic scoliosis-specific exer-
cises (PSSE) and bracing stabilized the curves in 80% of the subjects. Thus PSSE 
and bracing should be added to the standard physiotherapy care in the management 
of symptomatic adult scoliosis. For asymptomatic patients with thoracolumbar 
curve that has an increased risk of progression, PSSE should be considered as 
preventative exercises. Patients who do not respond to conservative treatments and 
have significant spinal stenosis should be referred for surgery.

Keywords: degenerative lumbar scoliosis, adult scoliosis, scoliosis-specific exercises, 
physical rehabilitation

1. Introduction

Adult scoliosis refers to spinal curvature in excess of 10° after skeletal maturity. 
Common causes include adult idiopathic scoliosis (ADIS) and degenerative lum-
bar scoliosis (DLS). ADIS has its onset in childhood or adolescent. Degenerative 
lumbar scoliosis (DLS) is an adult-onset scoliosis brought about by degeneration of 
facet joints.

The prevalence of adult scoliosis varies with age and studies, ranging from 8.3 
to 68% [1–5]. Xu et al. evaluated 2395 subjects over the age of 40 and reported that 
13.3% had degenerative lumbar scoliosis (DLS) [5]. The prevalence increases with 
age. For subjects over 80 years of age, the prevalence is 27.1% [5]. Kobayashi et al. 
evaluated 60 elder normal subjects over 12 years and reported the prevalence of 
adult scoliosis to be 36.3% [1]. Schwab et al. reported the highest prevalence of 68% 
in 75 patients over the age of 60 [4].

The curve prevalence is inversely proportional to the curve magnitude. Majority 
of the curve is less than 10°. The prevalence of 10°, 10–20°, and >20° curves was 
reported to be 64, 44, and 24%, respectively [6].
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Of the different curve patterns, the thoracolumbar scoliosis is associated with 
a higher prevalence of low back pain and functional impairment [7]. Also, these 
curves tend to progress. The rate of progression for lumbar or thoracolumbar single 
curve was 0.82/year (0.34–1.65°) for adult idiopathic scoliosis patients [8]. The rate 
of progression is higher for curve in excess of 30° [9–11]. This was supported by a 
recent study on the radiographic parameter risk factors of rapid progression in ado-
lescents with Lenke V and VI idiopathic scoliosis [12]. The study showed that apical 
vertebral rotation ≥ III (according to the Nash-Moe classification), deviation of the 
apical vertebra ≥40 mm from the central sacral line in the lumbar curve, and a L5 
tilt angle ≥10° (Figure 1) are associated with an increased risk of curve progression 
in adolescents [12].

Likewise, DLS tends to progress but irrespective of the Cobb angle (Figure 2) [8]. 
For patients with DLS, the rate of progression was 1.64°/year (0.77–3.82°) [8]. A study 
which followed up 200 subjects over 50 years of age for 5 years showed that 73% of the 

Figure 1. 
The radiographic parameters that have been found to increase the risk of progression in adolescents with Lenke 
5 and 6 scoliosis. It is likely that the parameters also increase the risk of curvature progression in adults. (a) 
Refers to the magnitude of apical vertebral rotation. (b) Refers to the distance between the central sacral line 
and the center of the apex of the lumbar curve. (c) Refers to the tilt angle of L5. When (a) is ≥III (based on the 
Nash-Moe method of measuring vertebral rotation), (b) is ≥4 cm, and (c) is ≥10°, the risk of progression of the 
curve increases.
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curves progressed 3° per year [13] and that apical vertebral rotation ≥ III (according to 
the Nash-Moe classification), a Cobb angle >30°, lateral vertebral translation >6 mm, 
and L5 above the intercristal line predict curve progression [13, 14]. Osteoporosis, a 
coronal Cobb angle <30°, lumbar lordosis, and degenerative spondylolisthesis are not 
risk factors for curve progression [14].

With increase in life expectancy of the population [2, 15], it follows that the 
prevalence of adult scoliosis increases [2, 15] and with it the morbidity.

2. Etiopathogenesis

There are many different causes of adult scoliosis. Majority of the adult scoliosis 
are adult idiopathic scoliosis (ADIS) and degenerative lumbar scoliosis (DLS). 
Other causes include neuromuscular conditions such as cerebral palsy, syringomy-
elia, and spinal dysraphism and congenital anomalies such as block vertebrae. Adult 
scoliosis may also arise from trauma, neoplastic disease, as well as iatrogenic causes 
such as simple decompression (laminectomy) or lumbar fusion procedures [16]. 
The following discussion will be limited to the commonly seen ADIS and DLS.

Idiopathic scoliosis, as its name implies, does not have any identifiable cause. 
When juveniles and adolescents who have idiopathic scoliosis reach adulthood or 
skeletal maturity, the scoliosis is then referred to as adult idiopathic scoliosis (ADIS).

The etiology of DLS is multifactorial and is related to progressive degeneration of 
the lumbar spine, compression fracture, and reduced bone density and quality [16]. The 
asymmetrical disc degeneration, facet degeneration, and ligamentous laxity all contrib-
ute to laxity in the spinal column [7, 17], with resultant asymmetrical deformities of the 
lumbar spine in the axial, coronal, and sagittal planes [18, 19]. The sagittal imbalance is 
accentuated in the presence of osteopenia or osteoporosis [16].

The mechanisms by which the scoliotic curves cause low back pain have not been 
clearly established. Pain can result from muscle overload, joint irritation, as well as 
nerve tension or compression. Initial complaints on the apex of the curvature are 

Figure 2. 
The progression of degenerative lumbar scoliosis can be dramatic. The scoliosis in the frontal lumbar film of 
this woman 66 years of age was mild, with Cobb angle of 18° and the apex at L3 (a). The scoliosis progressed 
markedly 7 years later, with Cobb angle measuring 30°. Laterolisthesis of L1 to the right and L3 to the left 
could be seen (b). Arthrotic changes were apparent in the right in an attempt to stabilize the curvature, which, 
nevertheless, progressed to 44° 2 years later with marked rotation of L2–L4 vertebrae (c).
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accentuated in the presence of osteopenia or osteoporosis [16].

The mechanisms by which the scoliotic curves cause low back pain have not been 
clearly established. Pain can result from muscle overload, joint irritation, as well as 
nerve tension or compression. Initial complaints on the apex of the curvature are 

Figure 2. 
The progression of degenerative lumbar scoliosis can be dramatic. The scoliosis in the frontal lumbar film of 
this woman 66 years of age was mild, with Cobb angle of 18° and the apex at L3 (a). The scoliosis progressed 
markedly 7 years later, with Cobb angle measuring 30°. Laterolisthesis of L1 to the right and L3 to the left 
could be seen (b). Arthrotic changes were apparent in the right in an attempt to stabilize the curvature, which, 
nevertheless, progressed to 44° 2 years later with marked rotation of L2–L4 vertebrae (c).
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Figure 3. 
The possible mechanism of nerve root entrapment in the concavity of the scoliotic curve. The laterolisthesis of 
the shaded vertebra to the left causes a downward migration of the left pedicle and exerts a pull on the nerve 
root. Owing to the lateral movement of the nerve root, the nerve root below is being stretched by the left pedicle. 
Thus a scoliosis can cause entrapment of nerve roots at two levels.

possibly a result of muscle overload, when the paravertebral muscles have to contract 
to maintain the spinal balance. With curve progression, joints become involved 
and the compressive, shear, and torsional forces concentrating in the concavity of 
the curve increase. Junctional segments are subjected to increased shear, favoring 
degenerative changes at these levels. When the shear force exerted on the junctional 
segments exceeds that of the restraining force, laterolisthesis may occur [20]. It is 
noteworthy that laterolisthesis is present even in mild lumbar scoliosis. In a study of 
91 adults with lumbar idiopathic scoliosis, 9.75% of the patients were found to have 
laterolisthesis, despite the average lumbar Cobb angle being 16.5° [20]. The presence of 
lumbar laterolisthesis is associated with a higher frequency of back pain than do other 
curve patterns [10, 21]. When, however, osteophytes and traction spurs develop in 
those segments, the unstable segments may become stabilized with reduction in pain.

Depending on the level of involvement and anatomical configurations, nerve 
root entrapment may occur with radicular distress in the lower extremity. The nerve 
entrapment is usually present in the concavity of the curve, though it may also 
occur in the side of convexity. It is generally secondary to foraminal compression 
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and pedicular kinking. With laterolisthesis, the pedicle migrates toward the side of 
concavity. The higher nerve root is thus stretched by the migrating pedicle (Figure 3); 
the lower nerve root similarly is stretched over the pedicle as it shifts laterally with the 
vertebral body above [22].

3. Clinical features

Many studies have shown that both ADIS and DLS may present with low back 
pain and radiculopathy. Yet, their characteristics differ [23]. ADIS patients usually 
have mechanical low back pain at an earlier age, at or around the age of 30. The pain 
is mechanical and seldom involves the leg [23].

In contrast, DLS patients have different pain patterns (Table 1). They are usually 
in the 50–60 years of age [24]. Those under 50 years of age with lumbar scoliosis 
are rarely subjected to significant pain and disability. Onset of the low back pain 
may be sudden but is usually progressive. Most commonly, the patient complains 
of low back pain at the end of a strenuous day or after some unusual activities. Rest 
reduces the pain. Pain is usually present at the apex of the curve, the lumbosacral 
junction, and the concavity of the scoliotic spine [25–27]. Very rarely is the pain 
brought about by impingement of the lower ribs upon the iliac crest [25].

With progression of the condition, the patient may complain of radiating pain 
deep into the buttock and distally down the lower extremity, involving more than 
one dermatome with poorly defined boundaries [24]. Definite root entrapment is 
uncommon, and the incidence reported is 2.2% [26]. The severity of the complaint 
was found to be statistically significantly correlated with age. The older the patient, 
the more severe are the symptoms. A study of subjects over 50 years of age with 
DLS showed that 45 out of 200 patients (22.5%) had severe pain and neurological 
deficits [13].

3.1 Relationship between lumbar curve and low back pain

The relationship between the degree of lumbar curve and low back pain, 
however, has been controversial. Some authors [26, 27] reported that the greater the 
degree of scoliosis, the more is the pain. This is especially so for a curve that exceeds 
45° [26]. In an analysis of pain pattern, Jackson and Simmons [27] found that the 
severity of low back pain varies with the level of scoliosis, the type of curve, and the 
degree of the curve. Lumbosacral, lumbar, and thoracolumbar curves were found 
to be more painful than thoracic curves. Comparing all curves, compensatory half 
curves are less painful, with one exception, viz., the left compensatory lumbosacral 
half curve. In the presence of a major and a compensatory curve, the pain usually 

Degenerative lumbar scoliosis 
(DLS)

Adult idiopathic scoliosis 
(ADIS)

Age range at presentation (years) 55–57 25–56

Male/female incidence 41:59 4:96

Symptoms Stenotic Mechanical

Table 1. 
The main difference in clinical presentation in patients with DLS and ADIS [24].
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localizes in the lower junctional segments and in the compensatory curve below the 
major deformity. In the presence of double major curves, however, the pain primar-
ily affects the junctional areas below and between the major curves, with the lower 
one being more symptomatic [27].

Recent studies have shown that a coronal imbalance of more than 4–5 cm is 
associated with deterioration of pain and function scores in unoperated patients 
[28, 29]. Trunk shift is a predictor of surgery for patients with thoracolumbar and 
lumbar curvatures [29].

Yet, other authors did not concur with this view [9, 30]. They found no correla-
tion between the degree of scoliosis and back symptoms. Lafage et al. reported no 
correlation between clinical outcomes and coronal global balance [30]; the magni-
tude of the coronal deformity did not impact pain and disability [30].

Recently, it has been shown that sagittal spinal balance is more important than 
coronal curves in relation to clinical outcomes [31–35]. The severity of the symp-
toms in adult scoliosis patients is linearly related to the magnitude of the sagittal 
spinal imbalance [36]. A spinal vertical axis (SVA) in excess of 70 mm is associated 
with an increase in clinical symptoms [30, 36].

4. Physical signs and physical examination

The patient usually walks with a typical antalgic list, with forward flexion 
of the spine and flexion of both knees. This is more evident as weakness with 
ambulation increases. Also, the patient is noted to sit obliquely, maintaining 
weight on one buttock and twisting away from the panful side [24]. Loss of height 
can occur. It was reported that a loss of height from 4 to 24 cm in 1–22 years may 
occur [37].

Examination in standing position permits assessment of the deformities as 
well as the sagittal and coronal imbalance. Adult scoliosis patients are often seen 
with trunk shift in the coronal plane together with positive sagittal imbalance. 
Reduction in lumbar lordosis is generally evident as the pelvis is retroverted to 
compensate for the positive sagittal malalignment. In severe deformity when the 
pelvic retroversion is insufficient to compensate for the sagittal imbalance, hip 
and knee flexion may be required to restore the sagittal balance. In the long term, 
contractures of hip flexors may result, when they can be assessed by Thomas leg 
raise test [38].

Inspection from the back may reveal the lumbar scoliosis. Generally, the 
pelvis shifts contralateral to the side of lumbar convexity. In the presence of left 
lumbar curvature, the pelvis shifts to the right and superiorly. The right pelvis is 
higher than the left. Conversely a right lumbar curvature is associated with shift-
ing of the pelvis to the left [39]. This was confirmed by a study, which showed 
that 79% of patients with a single lumbar curve had the apex of the scoliosis 
opposite the side of high iliac crest [40]. The apparent leg length discrepancy 
that this created was reported in 87% of patients with degenerative lumbar 
scoliosis [40].

Assessment of the deformity may also be made in the sitting position to eliminate 
the confounding apparent leg length discrepancy or hip flexor contracture [38].

To determine the coronal balance, the distance from the gluteal cleft to a plumb 
line dropped from C7 is measured. When the head and trunk are not centered over 
the gluteal cleft and the measurement (coronal balance) is in excess of 4 cm, the 
scoliosis may be poorly compensated and more likely to progress [28].
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Palpation may or may not elicit tenderness in the low back [9]. When tenderness 
is present, it is generally found in the concavity of the curve and at the junction 
between the two curves [27].

Neurological examination generally shows that there is reduced sensation in 
poorly defined areas. The reflexes of the lower extremities, however, are generally 
within normal limits. With increase in pain and disability, however, paresthesia 
over the posterolateral thigh and leg in areas of L5 and S1 dermatomal distribu-
tion becomes more evident, and reflexes in the lower extremities may reduce and 
become absent [41]. Straight leg raising is rarely restricted.

5. Clinical imaging

5.1 Radiography

Posteroanterior (PA) and lateral full spine radiographs are generally 
required. These enable assessment of global and regional spinopelvic align-
ment and assessment of the severity of the condition and the risk of curve 
progression.

To determine the coronal balance, a central sacral line (CSL) is drawn vertically 
from the center of the sacrum. The distance from C7 to the CSL is a measure of the 
coronal balance. From the PA film, the Cobb angle and the pelvic obliquity can also 
be determined. To measure the coronal Cobb angle, the upper and lower most tilted 
vertebrae (end vertebrae) are determined. Tangent lines are then drawn on the 
superior end plate of the upper end vertebra and the inferior end plate of the lower 
end vertebra, respectively. Perpendicular lines are then drawn to these two lines. 
The angle of intersection is the Cobb angle. The location of the curve is determined 
by the level of the apex, which is defined as the disc or vertebra maximally dis-
placed from the midline and is minimally angulated. When the apex is located at 
T12 or L1, the curve is termed thoracolumbar curve; when the apex is inferior to L1, 
the curve is known as lumbar curve.

In DLS, the apex is generally located at the level of L2 and L3, with an asso-
ciated distal fractional curve between L4 and S1. Compensatory curve when 
present is generally not structural and involves the thoracic and thoracolumbar 
areas [6]. Traction spurs and osteophytes are usually evident and are relatively 
large, situated on the concavity of the curve. Not uncommonly, laterolisthesis 
is present. In a long-term follow-up study, Weinstein and Ponseti [9] found that 
with time, marked translatory shift occurs between two vertebral segments in 
some lumbar and thoracolumbar curves. More severe structural deformities are 
characterized by laterolisthesis and rotatory subluxation, often at L3–L4 [20]. 
The shift took place at the lower end of the curve or at the transitional vertebra 
and is usually responsible for curve progression, which averages 3.3° in 10 years 
for both the thoracolumbar and lumbar curves [9, 20]. In mild curves with pelvic 
obliquity and more than 9 mm difference in hip levels, Giles and Taylor found 
an increased prevalence of L5 wedging in anteroposterior view, when compared 
with controls [42].

Vertebral rotation can be determined clinically using the Nash-Moe method 
or more accurately using the Raimondi or Perdriolle methods (Figure 4), both 
of which have low intra- and inter-observer errors [43–45]. The measurement is 
important as studies have shown that vertebral rotation >33% is associated with an 
increased incidence of back pain [9].
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Many recent studies have shown the importance of sagittal profile in relation to 
clinical outcome [30, 36, 46]. Many spinopelvic measurements have been found to 
correlate with the pain and disability. Schwab et al. showed that sagittal vertical axis 
(SVA), pelvic incidence minus lumbar lordosis, and pelvic tilt are related to disabil-
ity and pain scores [46].

SVA is a measure of the sagittal imbalance. It is the horizontal distance between 
a vertical plumb line from the body of C7 to the posterosuperior corner of S1. The 
mean SVA of asymptomatic subjects was reported to be 0.5 ± 2.5 cm, whereas an 
ideal SVA was defined to be ±5 cm [47]. A SVA in excess of 7 cm was shown to be 
associated with an increase in clinical symptoms [36]. The findings were confirmed 
by other independent studies [30, 46]. Lafage et al. reported a correlation between 
the SVA and Scoliosis Research Society (SRS) total scores and Oswestry Disability 
Index (ODI) scores [30].

The SVA requires calibration of radiographs for measurement. To avoid the 
inherent error in measuring the offsets in non-calibrated radiographs, the T1 
spinopelvic inclination (T1-SPI) angle may be used instead of SVA [30]. It is the 

Figure 4. 
Measurement of the apical vertebral rotation using the Raimondi method. The distance from the edge of 
the convex side of the apical vertebra to the center of the convex pedicle (x) is determined. The width of the 
vertebra (x + y) is then measured. From these two readings, the vertebral rotation can be determined using a 
Raimondi torsiometer.
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angle subtended by a vertical plumb line from the center of T1 and a line drawn 
to bicoxofemoral axes (Figure 5). The angle has been shown to correlate with 
the health-related quality of life (HRQOL) scores [30]. Recently, Propopsalitis 
et al. (2014) proposed a novel radiographic measure of global spinal alignment, 
the T1 pelvic angle (TPA) [48]. It is the angle subtended by the lines connect-
ing the bicoxofemoral axis to the center of T1 and the midpoint of the sacral 
end plate. Studies have shown that the measurement does not vary with pelvic 
retroversion or other postural compensatory mechanisms [48]. TPA was found 
to correlate with HRQOL scores. Treatment should attempt to reduce the TPA 
to <14°. Angle in excess of 20° corresponded to severe disability [48].

The pelvic incidence (PI) is also another important pelvic parameter that needs 
to be measured. It is a constant morphological parameter which has been shown to 
influence lumbar alignment. It is the angle subtended by the line connecting the 
midpoint of the bicoxofemoral axes and that of the sacral end plate and the perpen-
dicular line to the latter. It should approximately match the lumbar lordosis (LL) 
(PI-LL = ±9°). A pelvic incidence-lumbar lordosis mismatch (PI-LL) in excess of 10° 
was reported to correlate with disability [46].

The PI is the sum of the pelvic tilt (PT) and sacral slope (SS) which are dynamic 
pelvic parameters that measure pelvic version, a compensatory mechanism to help 
maintain an upright posture in the setting of sagittal malalignment. The pelvic tilt 
is the angle subtended by the line connecting the midpoint of the bicoxofemoral 

Figure 5. 
The different methods of measuring global spinopelvic alignment. The sagittal vertical axis (a), the T1 
spinopelvic inclination (T1-SPI) (b), and the T1 pelvic angle (TPA) (c).
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maintain an upright posture in the setting of sagittal malalignment. The pelvic tilt 
is the angle subtended by the line connecting the midpoint of the bicoxofemoral 

Figure 5. 
The different methods of measuring global spinopelvic alignment. The sagittal vertical axis (a), the T1 
spinopelvic inclination (T1-SPI) (b), and the T1 pelvic angle (TPA) (c).
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axes and that of the sacral end plate and the vertical reference line extending 
upward from the femoral head axis. A positive sagittal imbalance as signified by an 
increased SVA is generally compensated by an increase in the pelvic tilt. A pelvic tilt 
of >22° is associated with disability [46].

5.2 Advanced imaging

In the presence of signs and findings of nerve root entrapment and intermittent 
claudication, referral for magnetic resonance imaging may be necessary to rule 
out the possibility of spinal cord impingement, spinal canal stenosis, lateral recess 
stenosis, or intraspinal lesions.

When osteoporosis is suspected, the patient should be referred for bone den-
sity assessment by dual-energy X-ray absorptiometry (DEXA) or the radiation-
free echographic ultrasound [49], as reduction in bone density has been found to 
be lower in DLS patients when compared with normal controls with no scoliosis 
[5]. Also, bone mineral density (BMD) was found to correlate negatively with 
the scoliosis angle [50]. Furthermore, DLS patients with a lumbar curve in 
excess of 20° were found to have lower BMD than those with lumbar curves less 
than 20° [5].

6. Treatment

Treatment is generally conservative, particularly for patients who do not have 
rapidly progressive curves or significant neurological symptoms [6, 23, 51, 52]. 
Nonsteroidal anti-inflammatory drugs (NSAIDs), analgesics, manipulation, acu-
puncture, physiotherapy, and steroid injection were generally used to treat the low 
back pain and the accompanied radiculopathy [52, 53]. Outcome, however, was 
not satisfactory [52, 53]. A systematic review in 2007 showed that there was little 
evidence in support of these treatments in the management of adult scoliosis [52]. 
The studies identified level IV evidence for physical therapy, chiropractic care, and 
bracing and level III evidence for steroid injections [52]. Studies showed that the 
long-term successful rate of conservative treatment of symptomatic scoliosis was 
only 27% [33, 54].

The above treatments aim at pain reduction and stabilization of the curve, but 
not at the sagittal imbalance which is so often seen in patients with DLS. Recent 
studies have shown that physiotherapeutic scoliosis-specific exercises (PSSE), 
mirror image exercises, and chiropractic manipulation together with multimodal 
rehabilitation reduced pain and disability ratings in ADIS patients with thoracolum-
bar and lumbar curves [55–67]. Also, bracing is able to stabilize progressive curves 
in 80% of the adults with scoliosis [68].

6.1 Scoliosis-specific exercises and adult scoliosis

In the past 15 years, many different exercises and rehabilitation approaches to 
ADIS have been investigated. These include exercise, manipulation, and multi-
modal rehabilitation approaches [55–67, 69]. Exercises studied include yoga (side 
plank), Pilates, the side-shift and hitch exercise, the active self-correction, the 
Chiropractic BioPhysics® (CBP) mirror image, the FED, the Scientific Exercises 
Approach to Scoliosis (SEAS), and the Schroth Best Practice® (SBP®) program 
(Table 2). Other rehabilitation techniques investigated include the gravity traction, 
the weighting system, and manipulation [58, 62, 69]. These interventions have all 
been reported to reduce pain, disability, and the curves in ADIS.
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axes and that of the sacral end plate and the vertical reference line extending 
upward from the femoral head axis. A positive sagittal imbalance as signified by an 
increased SVA is generally compensated by an increase in the pelvic tilt. A pelvic tilt 
of >22° is associated with disability [46].

5.2 Advanced imaging

In the presence of signs and findings of nerve root entrapment and intermittent 
claudication, referral for magnetic resonance imaging may be necessary to rule 
out the possibility of spinal cord impingement, spinal canal stenosis, lateral recess 
stenosis, or intraspinal lesions.

When osteoporosis is suspected, the patient should be referred for bone den-
sity assessment by dual-energy X-ray absorptiometry (DEXA) or the radiation-
free echographic ultrasound [49], as reduction in bone density has been found to 
be lower in DLS patients when compared with normal controls with no scoliosis 
[5]. Also, bone mineral density (BMD) was found to correlate negatively with 
the scoliosis angle [50]. Furthermore, DLS patients with a lumbar curve in 
excess of 20° were found to have lower BMD than those with lumbar curves less 
than 20° [5].

6. Treatment

Treatment is generally conservative, particularly for patients who do not have 
rapidly progressive curves or significant neurological symptoms [6, 23, 51, 52]. 
Nonsteroidal anti-inflammatory drugs (NSAIDs), analgesics, manipulation, acu-
puncture, physiotherapy, and steroid injection were generally used to treat the low 
back pain and the accompanied radiculopathy [52, 53]. Outcome, however, was 
not satisfactory [52, 53]. A systematic review in 2007 showed that there was little 
evidence in support of these treatments in the management of adult scoliosis [52]. 
The studies identified level IV evidence for physical therapy, chiropractic care, and 
bracing and level III evidence for steroid injections [52]. Studies showed that the 
long-term successful rate of conservative treatment of symptomatic scoliosis was 
only 27% [33, 54].

The above treatments aim at pain reduction and stabilization of the curve, but 
not at the sagittal imbalance which is so often seen in patients with DLS. Recent 
studies have shown that physiotherapeutic scoliosis-specific exercises (PSSE), 
mirror image exercises, and chiropractic manipulation together with multimodal 
rehabilitation reduced pain and disability ratings in ADIS patients with thoracolum-
bar and lumbar curves [55–67]. Also, bracing is able to stabilize progressive curves 
in 80% of the adults with scoliosis [68].

6.1 Scoliosis-specific exercises and adult scoliosis

In the past 15 years, many different exercises and rehabilitation approaches to 
ADIS have been investigated. These include exercise, manipulation, and multi-
modal rehabilitation approaches [55–67, 69]. Exercises studied include yoga (side 
plank), Pilates, the side-shift and hitch exercise, the active self-correction, the 
Chiropractic BioPhysics® (CBP) mirror image, the FED, the Scientific Exercises 
Approach to Scoliosis (SEAS), and the Schroth Best Practice® (SBP®) program 
(Table 2). Other rehabilitation techniques investigated include the gravity traction, 
the weighting system, and manipulation [58, 62, 69]. These interventions have all 
been reported to reduce pain, disability, and the curves in ADIS.
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6.1.1 Pain reduction

A number of studies have reported a reduction of pain after scoliosis-specific exer-
cises intervention [60, 64]. Yang reported a reduction in pain in a young female with 
ADIS with a thoracic curvature using the SBP®, together with the standard physiother-
apy care [64]; the pain scale (visual analogue scale, VAS) of the patient reduced from 
5 to 1. Lebel and Lebel reported a severe case of thoracic scoliosis treated by Schroth 
exercises [66]. After 9 months of exercises, the thoracic curve of the 23-year-old 
female patient with adolescent idiopathic scoliosis reduced from 70 to 58° and the lum-
bar curve from 48 to 43° [66]. There was a significant reduction in low back pain after 
1 month of exercise [66]. Harrison and Oakley reported similar findings in five ADIS 
with thoracolumbar or lumbar curves, using the CBP® mirror image method [60]. All 
the five cases reported a reduction of VAS, with the most significant one dropping from 
6 to 0 [60]. The findings agreed with the results of a randomized controlled trial which 
showed that stabilization exercises which included active self-correction, task-oriented 
activities, and cognitive behavior therapy improved the Oswestry Disability Index 
(ODI) of ADIS when compared to standard physiotherapy treatment [56].

6.1.2 Cobb angle reduction

Many studies similarly showed that rehabilitation and specific exercises improve 
curves in ADIS and patients with DLS [58, 60, 61]. Some studies have shown that 
manipulation together with multimodal rehabilitation reduced scoliosis curves. 
In a retrospective review, Morningstar et al. showed that chiropractic treatment 
together with multimodal rehabilitation for 4–6 weeks reduced the curves in all 
of the 19 adult patients with idiopathic scoliosis [62]. This was confirmed by a 
subsequent study, which reported that 6 months of multimodal treatment together 
with manipulation reduced scoliosis curves and disability ratings in 28 ADIS aged 
18–54 [58]. Non-specific exercises and physiotherapeutic scoliosis-specific exercises 
(PSSE) have also been found to improve curvatures in ADIS [55, 65, 66]. Fishman 
et al. reported that performance of side plank exercises daily for as long as tolerable 
(around 2 minutes) on the side of scoliosis convexity reduced the curves in ADIS 
and DLS patients [65]. Daily side plank exercises for 3–22 months reduced curves 
significantly in 30% of the adult scoliosis patients [65]. Yet, the study included 
adolescents aged 14 as well as patients with a Cobb angle less than 10°, which is 
strictly speaking not scoliosis [65]. Negrini et al. reported the outcome of SEAS 
intervention in a 25-year-old female adult with progressive double major curve, 
which progressed by 10° in 6 years [63]. In the follow-up 1 year later, the curvatures 
were found to reduce significantly from 47 to 28.5°. The authors attributed the posi-
tive change to an improvement in postural collapse [63]. The results were supported 
by a retrospective cohort study conducted by the same group [55]. SEAS interven-
tion for 2 years resulted in an improvement of the Cobb angle in 68% of the 34 
ADIS aged 38 ± 11 [55]. The mean reduction in the Cobb angle was 4.6 ± 5.0°, with 
no differences based on the location of the curve, gender, and length of treatment 
[55]. Monticone et al. compared the outcome of stabilization exercises using self-
correction, task-oriented activities, and cognitive behavior therapy with standard 
physiotherapy care, which consisted of active and passive mobilizations, stretching, 
and strengthening exercises of the spinal muscles in the treatment of ADIS [56]. 
In the randomized controlled trial which involved 130 patients with a mean age 
of 51.6, they found that the experimental group had a reduced Cobb angle after 
20 weeks of intervention as compared to the control group. Schroth exercises have 
also been found to reduce curves in adult scoliosis patients [64, 66]. Ng et al., in a 
prospective study, showed that home-based SBP® program for 9 months reduced 
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the thoracolumbar or lumbar curvature in over 30% of the ADIS and DLS patients 
[61]. Harrison and Oakley reported the outcome of CBP® mirror image method in 
the treatment of thoracolumbar and lumbar curves in five patients with ADIS. In 
18–84 visits, the treatment improved the curvatures in 60% of the patients, when 
a reduction of ≥6° is regarded as an improvement [60]. The CBP® mirror image 
method was regarded as similar to Schroth exercises [60].

6.1.3 Sagittal profile

While there were many studies addressing the coronal curves in ADIS and DLS 
patients, there were very few studies addressing the impact of PSSE on the sagittal 
profile of the patients [61]. The effects of PSSE on the sagittal profile of this group 
of patients are thus uncertain.

6.2 Other physical interventions

Hanging exercises should not be included as they have not been found useful 
[70]. Periodic axial spinal unloading using the LTX3000 lumbar rehabilitation 
system did not permanently affect the scoliosis; unloading of the spine temporar-
ily reduced the scoliosis angle in adult scoliosis subjects, but with cessation of the 
intervention, the curves reverted back to the baseline level [70].

As thoracolumbar and lumbar curves are frequently associated with pelvic shift 
and obliquity, with secondary apparent leg length discrepancy, it is tempting to 
apply sole lift on the side of the low pelvis. Lehnert-Schroth advised against the use 
of sole lift. Addition of the sole lift on the side of the low pelvis would cause spinal 
imbalance, as evidenced by the tilted gluteal cleft [39]. Instead, patients should 
be advised to contract the hip abductor on the side of the higher pelvis to level the 
pelvis [39]. The patients can also flex the knee on the side of the high iliac crest [71] 
or raise the heel on the side of the low iliac crest when standing at ease [72]. This 
would reduce the lumbar curve and the associated stress on the facet joints and the 
adjoining soft tissue structures.

6.3 Spinal bracing

The effects of bracing in the treatment of adult scoliosis patients have been 
controversial [17, 68]. Some authors were of the opinion that brace does not halt curve 
progression and any pain relief provided is offset by associated deconditioning [7, 17]. 
Yet, recent studies have shown that spinal bracing stabilized the curves [68, 73, 74]. In 
a study which followed 158 adults with spinal deformities (ASD) treated by lordos-
ing bivalve polyethylene overlapping brace for over 5 years showed that 24% of the 
curves reduced by more than 5°, 56% of the curves stabilized (±5°), and 20% wors-
ened (>5°) [68]. Similarly, Palazzo et al. in a long-term follow-up study of 22 years 
showed that the progression of curves in ADIS and DLS patients reduced [74]. The 
yearly progression for curves in patients with DLS reduced from 1.47 to 0.24° per year 
and that for patients with ADIS from 0.7 to 0.24° per year [74]. de Mauroy suggested 
that the brace treatment is not only palliative; it treats lumbar instability by reducing 
the pressure in disc and stabilizing the lumbar area in lordosis [73].

7. Clinical management

Adult patients with low back pain and thoracolumbar and lumbar curves which 
have a high risk of progression or which are accompanied by sagittal imbalance 
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6.1.1 Pain reduction

A number of studies have reported a reduction of pain after scoliosis-specific exer-
cises intervention [60, 64]. Yang reported a reduction in pain in a young female with 
ADIS with a thoracic curvature using the SBP®, together with the standard physiother-
apy care [64]; the pain scale (visual analogue scale, VAS) of the patient reduced from 
5 to 1. Lebel and Lebel reported a severe case of thoracic scoliosis treated by Schroth 
exercises [66]. After 9 months of exercises, the thoracic curve of the 23-year-old 
female patient with adolescent idiopathic scoliosis reduced from 70 to 58° and the lum-
bar curve from 48 to 43° [66]. There was a significant reduction in low back pain after 
1 month of exercise [66]. Harrison and Oakley reported similar findings in five ADIS 
with thoracolumbar or lumbar curves, using the CBP® mirror image method [60]. All 
the five cases reported a reduction of VAS, with the most significant one dropping from 
6 to 0 [60]. The findings agreed with the results of a randomized controlled trial which 
showed that stabilization exercises which included active self-correction, task-oriented 
activities, and cognitive behavior therapy improved the Oswestry Disability Index 
(ODI) of ADIS when compared to standard physiotherapy treatment [56].

6.1.2 Cobb angle reduction

Many studies similarly showed that rehabilitation and specific exercises improve 
curves in ADIS and patients with DLS [58, 60, 61]. Some studies have shown that 
manipulation together with multimodal rehabilitation reduced scoliosis curves. 
In a retrospective review, Morningstar et al. showed that chiropractic treatment 
together with multimodal rehabilitation for 4–6 weeks reduced the curves in all 
of the 19 adult patients with idiopathic scoliosis [62]. This was confirmed by a 
subsequent study, which reported that 6 months of multimodal treatment together 
with manipulation reduced scoliosis curves and disability ratings in 28 ADIS aged 
18–54 [58]. Non-specific exercises and physiotherapeutic scoliosis-specific exercises 
(PSSE) have also been found to improve curvatures in ADIS [55, 65, 66]. Fishman 
et al. reported that performance of side plank exercises daily for as long as tolerable 
(around 2 minutes) on the side of scoliosis convexity reduced the curves in ADIS 
and DLS patients [65]. Daily side plank exercises for 3–22 months reduced curves 
significantly in 30% of the adult scoliosis patients [65]. Yet, the study included 
adolescents aged 14 as well as patients with a Cobb angle less than 10°, which is 
strictly speaking not scoliosis [65]. Negrini et al. reported the outcome of SEAS 
intervention in a 25-year-old female adult with progressive double major curve, 
which progressed by 10° in 6 years [63]. In the follow-up 1 year later, the curvatures 
were found to reduce significantly from 47 to 28.5°. The authors attributed the posi-
tive change to an improvement in postural collapse [63]. The results were supported 
by a retrospective cohort study conducted by the same group [55]. SEAS interven-
tion for 2 years resulted in an improvement of the Cobb angle in 68% of the 34 
ADIS aged 38 ± 11 [55]. The mean reduction in the Cobb angle was 4.6 ± 5.0°, with 
no differences based on the location of the curve, gender, and length of treatment 
[55]. Monticone et al. compared the outcome of stabilization exercises using self-
correction, task-oriented activities, and cognitive behavior therapy with standard 
physiotherapy care, which consisted of active and passive mobilizations, stretching, 
and strengthening exercises of the spinal muscles in the treatment of ADIS [56]. 
In the randomized controlled trial which involved 130 patients with a mean age 
of 51.6, they found that the experimental group had a reduced Cobb angle after 
20 weeks of intervention as compared to the control group. Schroth exercises have 
also been found to reduce curves in adult scoliosis patients [64, 66]. Ng et al., in a 
prospective study, showed that home-based SBP® program for 9 months reduced 

57

Physical Rehabilitation in the Management of Symptomatic Adult Scoliosis
DOI: http://dx.doi.org/10.5772/intechopen.81184

the thoracolumbar or lumbar curvature in over 30% of the ADIS and DLS patients 
[61]. Harrison and Oakley reported the outcome of CBP® mirror image method in 
the treatment of thoracolumbar and lumbar curves in five patients with ADIS. In 
18–84 visits, the treatment improved the curvatures in 60% of the patients, when 
a reduction of ≥6° is regarded as an improvement [60]. The CBP® mirror image 
method was regarded as similar to Schroth exercises [60].

6.1.3 Sagittal profile

While there were many studies addressing the coronal curves in ADIS and DLS 
patients, there were very few studies addressing the impact of PSSE on the sagittal 
profile of the patients [61]. The effects of PSSE on the sagittal profile of this group 
of patients are thus uncertain.

6.2 Other physical interventions

Hanging exercises should not be included as they have not been found useful 
[70]. Periodic axial spinal unloading using the LTX3000 lumbar rehabilitation 
system did not permanently affect the scoliosis; unloading of the spine temporar-
ily reduced the scoliosis angle in adult scoliosis subjects, but with cessation of the 
intervention, the curves reverted back to the baseline level [70].

As thoracolumbar and lumbar curves are frequently associated with pelvic shift 
and obliquity, with secondary apparent leg length discrepancy, it is tempting to 
apply sole lift on the side of the low pelvis. Lehnert-Schroth advised against the use 
of sole lift. Addition of the sole lift on the side of the low pelvis would cause spinal 
imbalance, as evidenced by the tilted gluteal cleft [39]. Instead, patients should 
be advised to contract the hip abductor on the side of the higher pelvis to level the 
pelvis [39]. The patients can also flex the knee on the side of the high iliac crest [71] 
or raise the heel on the side of the low iliac crest when standing at ease [72]. This 
would reduce the lumbar curve and the associated stress on the facet joints and the 
adjoining soft tissue structures.

6.3 Spinal bracing

The effects of bracing in the treatment of adult scoliosis patients have been 
controversial [17, 68]. Some authors were of the opinion that brace does not halt curve 
progression and any pain relief provided is offset by associated deconditioning [7, 17]. 
Yet, recent studies have shown that spinal bracing stabilized the curves [68, 73, 74]. In 
a study which followed 158 adults with spinal deformities (ASD) treated by lordos-
ing bivalve polyethylene overlapping brace for over 5 years showed that 24% of the 
curves reduced by more than 5°, 56% of the curves stabilized (±5°), and 20% wors-
ened (>5°) [68]. Similarly, Palazzo et al. in a long-term follow-up study of 22 years 
showed that the progression of curves in ADIS and DLS patients reduced [74]. The 
yearly progression for curves in patients with DLS reduced from 1.47 to 0.24° per year 
and that for patients with ADIS from 0.7 to 0.24° per year [74]. de Mauroy suggested 
that the brace treatment is not only palliative; it treats lumbar instability by reducing 
the pressure in disc and stabilizing the lumbar area in lordosis [73].

7. Clinical management

Adult patients with low back pain and thoracolumbar and lumbar curves which 
have a high risk of progression or which are accompanied by sagittal imbalance 
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are suggested to be treated by scoliosis-specific exercises, together with standard 
physiotherapy care. Exercises should target at improving the sagittal profile as well 
as the coronal curves. The exercises should preferably be supervised, as studies have 
shown that the physiotherapist-supervised Schroth Best Practice® (SBP®) exercises 
were associated with better outcome than home-based SBP® exercises [75]. In case 
of curve progression or pain, the patient should be prescribed a spinal brace. He or 
she should wear it 6–8 hours a day or as needed and perform the corrective scoliosis-
specific exercises 3–4 times weekly to avoid deconditioning of the truncal muscles.

Recent studies showed that 46.6% of patients with DLS had sarcopenia involv-
ing the appendix and the trunk [76]. The trunk skeletal muscle mass index (SMI) 
was found to be significantly negatively correlated with SVA, PT, lumbar scoliosis, 
and apical vertebral rotation, suggesting that the reduction in trunk musculature 
was related to the stooped posture, pelvic retroversion, and lumbar scoliosis [76]. 
In view of the propensity of the DLS to progress, PSSE may also be taught to DLS 
patients who are asymptomatic as preventive measures.

If all these interventions fail and the patient has signs and symptoms suggestive 
of clinically significant spinal stenosis, he or she should be referred for surgical 
management [77].
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are suggested to be treated by scoliosis-specific exercises, together with standard 
physiotherapy care. Exercises should target at improving the sagittal profile as well 
as the coronal curves. The exercises should preferably be supervised, as studies have 
shown that the physiotherapist-supervised Schroth Best Practice® (SBP®) exercises 
were associated with better outcome than home-based SBP® exercises [75]. In case 
of curve progression or pain, the patient should be prescribed a spinal brace. He or 
she should wear it 6–8 hours a day or as needed and perform the corrective scoliosis-
specific exercises 3–4 times weekly to avoid deconditioning of the truncal muscles.

Recent studies showed that 46.6% of patients with DLS had sarcopenia involv-
ing the appendix and the trunk [76]. The trunk skeletal muscle mass index (SMI) 
was found to be significantly negatively correlated with SVA, PT, lumbar scoliosis, 
and apical vertebral rotation, suggesting that the reduction in trunk musculature 
was related to the stooped posture, pelvic retroversion, and lumbar scoliosis [76]. 
In view of the propensity of the DLS to progress, PSSE may also be taught to DLS 
patients who are asymptomatic as preventive measures.

If all these interventions fail and the patient has signs and symptoms suggestive 
of clinically significant spinal stenosis, he or she should be referred for surgical 
management [77].
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