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Preface

The appropriateness of clinical judgment in formulating a treatment plan for physical 
therapy may affect the effectiveness of physical therapy treatment itself. Therefore, 
promoting a shift from conventional empiric-based physical therapy to evidence-
based physical therapy is essential. To implement evidence-based physical therapy, 
it is vital to integrate not only the evidence from clinical studies but also the patient’s 
intention and values and the physical therapist’s professional knowledge and skills to 
make a comprehensive clinical judgment.

Toward the dissemination and practice of evidence-based physical therapy, this book 
consists of three sections: “Physical Therapy Theory”, “Physical Therapy Assessment”, 
and “Physical Therapy Practice”.

The first section, “Physical Therapy Theory”, describes the basic principles and mod-
els of physical therapy and discusses the importance of evidence in physical therapy.

The second section, “Physical Therapy Assessment”, outlines how to evaluate patients 
in physical therapy. This section covers the basic principles of assessment and how to 
evaluate a patient’s physical condition and function.

The third section, “Physical Therapy Practice”, outlines treatment methods of physi-
cal therapy to improve a patient’s physical function. This section describes the devel-
opment of a physical therapy treatment plan, the actual practice of physical therapy, 
and the role of evidence in physical therapy.

We hope this book will be a valuable resource for physical therapists, healthcare 
professionals, and students. 

I would like to express my great appreciation to the authors of this book and all those 
involved in its editing.

Hideki Nakano, Ph.D.
Associate Professor,

Neurorehabilitation Laboratory,
Graduate School of Health Sciences,

Kyoto Tachibana University,
Kyoto, Japan
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Chapter 1

Stages of Evidence Based Practice 
in Physiotherapy
Ibrahim Ahmad Abubakar

Abstract

Each physiotherapist carries the ethical duty to practice in a holistic manner, 
ensuring that treatment approaches are firmly grounded in the most up-to-date 
evidence. Consequently, the primary objective of this chapter is to provide a com-
prehensive exposition of the essential stages that physiotherapists ought to adhere 
to when addressing patients with deformities. Additionally, it seeks to empower 
physiotherapists by offering practical insights into formulating precise and pertinent 
queries during patient interactions. This includes effective strategies for sourcing 
and evaluating evidence, which can then be judiciously applied to inform optimal 
decisions regarding patient care and treatment strategies. Throughout the course 
of this chapter, I will illustrate these concepts through the lens of a stroke patient 
scenario, facilitating a more accessible grasp of the material. However, it is crucial 
to note that the insights and instances presented within this chapter possess appli-
cability that extends to various other neurological conditions within the domain of 
physiotherapy.

Keywords: evidence based practice, neurological conditions, physiotherapist, patients, 
stroke, treatment

1. Introduction

1.1 Meaning of evidence based practice

Evidence-based practice (EBP) holds a crucial role in the fields of rehabilitation 
and physiotherapy, progressively gaining significance. EBP is defined as the dedicated 
use of the most reliable evidence available to guide decisions regarding individual 
management, involving a fusion of clinical expertise, professional judgment, and 
systematic research [1]. Sackett et al. [2] further refined the concept, describing it as 
the fusion of top-tier research evidence, clinical proficiency, and patient preferences. 
The National Institute of Public Health (NIPH) in 1996 characterized evidence-based 
as the latest credible facts derived from pertinent, valid research. These encompass 
the effects of healthcare approaches, potential treatment risks, diagnostic precision, 
and prognostic foresight [3].

In essence, evidence-based practice in physiotherapy encompasses a methodi-
cal process of locating, evaluating, and applying current preeminent evidence to 
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guide clinical actions. Practicing evidence-based physiotherapy involves integrat-
ing contemporary research findings with clinical skill and patient values, result-
ing in the most pertinent and effective care [4]. Despite its evident benefits in 
physiotherapy and broader healthcare, the adoption of EBP remains inconsistent 
in terms of quality [5]. Researchers and clinicians have voiced concerns about the 
compatibility of EBP elements and the scarcity of relevant, substantiated research 
[6, 7]. Bridging the gap between research and clinical insights can heighten the 
competence of physiotherapists’ practice [8], guarding against inappropriate 
healthcare utilization [9].

Given the rising accountability of healthcare professionals, including physio-
therapists, this framework gains significance as a guiding principle. Some argue that 
a moral obligation exists for practitioners to base decisions on research findings [7]. 
Physiotherapists can enhance patient management outcomes by integrating three 
distinct forms of evidence into their decision-making process.

1.1.1 Scientific research

Scientific research stems from rigorous hypothesis testing and observation, 
providing valuable experiential insights. When communicating research evidence 
to patients, it’s essential to use clear and straightforward language and encour-
age open-ended questions to ensure patient comprehension. Physiotherapists are 
responsible for identifying, evaluating, and summarizing research evidence perti-
nent to patient care.

Figure 1. 
Evidence based medicine (EBM).
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1.1.2 Clinical expertise

Clinical expertise encompasses both implicit and explicit knowledge gained 
from experience in diagnosing, intervening, preventing, and predicting outcomes 
for patients with physical conditions. This knowledge is accumulated over time and 
contributes to refining patient care.

1.1.3 Patient values

The foundation of decision-making and management lies within the caregivers, 
patient relatives, and the patients themselves. Patient values can be categorized as 
values and circumstances. Values include the patient’s beliefs, preferences, expecta-
tions, and cultural identity, which significantly influence their life choices and 
decisions [10].

In the original framework (depicted in Figure 1 above), to summarize, the 
most reliable evidence often emerges from clinically significant research carried 
out with robust methodological procedures. Clinical expertise encompasses the 
amassed knowledge, experience, and clinical skills of the Physiotherapist. Patient 
values encompass the distinct preferences, concerns, and expectations that each 
patient brings when engaging in a clinical interaction. The integration of these 
three elements constitutes the foundation of making evidence-based clinical deci-
sions [11].

2. Aim of evidence based practice

The primary goal is to empower healthcare professionals, including 
Physiotherapists, to make well-considered choices regarding clinical practice by 
employing the ‘thoughtful, clear, and prudent utilization of the most current and 
reliable evidence within the healthcare system’ [11].

3. The stages of evidence-based practice (EBP)

In their work [12], a set of six stages outlining evidence-based practice was 
delineated. Physiotherapists are advised to adhere to these stages in order to provide 
optimal care for their patients (Figure 2).

3.1 How to formulate a clear and answerable clinical question

The time allocated for assessment and diagnosis in a clinic is often limited for 
a Physiotherapist. As a result, efficiently searching for the most suitable available 
evidence requires mastering the skill of formulating well-structured questions within 
a short timeframe. Questions posed by a Physiotherapist to their patients can be 
categorized into these groups [11]:

1. Etiology: How can I identify potential causes of a problem? For instance, what 
leads to limited shoulder range of motion among stroke survivors?
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2. Assessment/Diagnosis: What crucial information should I collect? How can I 
obtain that information and correctly interpret the results? For example, what’s 
the optimal method for evaluating balance in stroke patients?

3. Treatment: Which intervention or procedure will be most beneficial for my 
patient? For instance, what are the outcomes of applying the Proprioception 
Neuromuscular Facilitation concept in post-stroke patients compared to other 
physiotherapy approaches?

4. Prognosis: What’s the recovery pattern over time and what potential complica-
tions might arise? As an illustration, if my patient had a stroke two months ago, 
when can they expect to regain independent walking ability?

5. Prevention: How can I avert emerging problems and enhance my patient’s well-
being? As an example, what’s the most effective approach to prevent shoulder 
pain in post-stroke patients?

6. Differential diagnosis: When symptoms point to various potential diagnoses, 
how do I determine the most probable one? For example, in a young man with 
knee swelling, stiffness, pain, crepitus, quadriceps atrophy on examination, pain 
on palpation, and resistance during extension, what’s the likely underlying cause?

3.1.1 PICO framework

The PICO framework holds great importance in shaping a precise question. This 
framework identifies and outlines the crucial components of a well-organized ques-
tion. It’s important to remember that a focused question should address a single issue 
at a time (Figure 3 and Table 1).

Figure 2. 
Stages of EBP.
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An example of clinical question from the above table could be ‘Is TENS better 
than non-steroidal anti-inflammatory drugs at reducing the intensity of post stroke 
shoulder pain?’

3.2 Searching and finding the best evidence

Once you have carefully formulated a precise clinical question addressing the dis-
ease or condition presented by your patient, your next step involves sourcing the most 
reliable evidence to address this query. A range of resources exists to aid your quest 
for answers. These encompass personal experience, logical reasoning, and intuition, 

Figure 3. 
PICO framework.

Example

Patient population or relevant 
issue

What is the specific disease or 
condition under consideration?

A 60-year-old woman dealing with 
shoulder pain post-stroke

Intervention What particular treatment, 
modality, or procedure is being 
focused on?

Transcutaneous Electrical Nerve 
Stimulation (TENS)

Comparison What is the alternative to 
the current treatment being 
administered? For instance, 
placebo or medication.

Non-steroidal anti-inflammatory 
drugs

Outcome What are the goals in terms of 
measurement, enhancement, or 
impact?

Reduction in the level of experienced 
pain

Table 1. 
Using the PICO framework to develop a clear question.
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inquiring with a fellow practitioner, referring to textbooks, accessing pertinent 
scientific papers from your personal collection, utilizing bibliographic databases such 
as Medline or Embase, and consulting literature that’s clinically assessed or grounded 
in evidence, along with established healthcare guidelines.

However, a caveat exists when relying on personal experience and subjective opin-
ions. Such an approach might not yield the most efficient, effective, and economically 
viable treatment pathways. Conversely, seeking advice from a seasoned colleague 
can be an expedient approach, especially when grappling with unique or infrequent 
scenarios. It’s worth noting that textbooks, while informative, often become outdated 
even before their publication, necessitating a cautious approach when consulting 
them.

The specific type of evidence you seek hinges on your question’s scope. Navigating 
the different types of research available will direct you toward attaining the utmost 
level of evidence relevant to your specific clinical inquiry. By discerning the nature 
of your question, you can methodically select the research avenue that aligns with 
your inquiry, leading you to the most robust evidence available to inform your clinical 
decisions effectively and accurately.

3.2.1 Levels of evidence

‘Levels of evidence’ refer to frameworks for categorizing research designs. These 
systems rank research designs based on intervention assessment, evaluating their 
reliability, validity (protection against bias and error), and truthfulness. Systematic 
reviews, meta-analyses of randomized controlled trials, and evidence-based clini-
cal practice guidelines hold the highest status on the evidence hierarchy (illustrated 

Figure 4. 
Level of evidence pyramid.
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as a pyramid in Figure 4), forming a robust foundation for treatment decisions. 
Conversely, expert opinion is widely considered the least robust evidence category in 
this hierarchy.

3.2.2 Observational studies: Understanding research design

Research design encompasses two main approaches: qualitative and quantita-
tive. Both methods, if properly executed, are rigorous and valuable for addressing 
significant clinical inquiries [13, 14]. Employing both designs within a single study is 
especially advantageous for extensive trials assessing clinical practices. This compre-
hensive approach is particularly beneficial for large-scale trials aimed at evaluating 
clinical practice.

3.2.3 Quantitative design

The quantitative design focuses on robustly examining hypotheses related to 
predefined variables. Examples of such designs encompass clinical trials, comparative 
studies, and epidemiological investigations. These studies primarily address queries 
like “whether” (evaluating whether Physiotherapy treatment yields more benefits 
than harm) and “how much” (measuring the strength of the correlation between a 
specific risk factor, like hypertension, and the occurrence of a particular disease or 
condition, such as stroke) [15].

3.2.4 Qualitative design

Qualitative studies delve into inquiries involving “how,” “what,” and “why” [15]. 
These studies often employ detailed interviews and focus group interactions to inves-
tigate and gain insight into “social, emotional, and experiential phenomena” within 
healthcare contexts. Examples encompass exploring the significance of the stroke 
experience for survivors and their families, offering a deeper understanding of these 
individuals’ perspectives.

4. Critical appraisal

Critical appraisal constitutes a crucial aspect of evidence-based practice (EBP), 
involving the meticulous and systematic evaluation of research evidence to gauge 
its credibility, significance, and relevance to clinical application [16]. It’s pivotal to 
recognize that diverse research designs entail distinct methodological procedures 
and levels of validity. This distinction underscores the significance of compre-
hending how findings can be translated into practical use within specific clinical 
contexts.

5. Implementing evidence-based into clinical practice

Incorporating optimal evidence-based practices into your daily routine as a 
Physiotherapist is challenging. However, identifying barriers specific to your setting 
can aid in devising a more efficient strategy, enhancing the likelihood of successful 
patient management [17].
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6. Barriers to evidenced based physiotherapy

Barriers to evidence-based Physiotherapy can impede optimal patient care. The 
challenges of a busy clinical setting may make accessing current, relevant evidence 
difficult [18]. Reluctance to alter established practices in light of new evidence can 
impede progress. Limited familiarity with research resources and a lack of confi-
dence in interpreting findings are common obstacles [19]. Moreover, the absence of 
conclusive evidence might discourage practitioners, though it should not deter them 
from engaging in evidence-based processes [20]. Overcoming these barriers through 
education, enhanced resource accessibility, and fostering adaptability is vital for 
advancing evidence-based Physiotherapy and ensuring informed, effective patient 
management (Table 2).

7. Conclusion

Embracing evidence-based practice within Physiotherapy necessitates a resolute 
commitment to furnishing optimal care for patients. Amid the bustling hospital 
milieu, the initial stride toward effective evidence-based practice in Physiotherapy 
lies in discerning where to access the most current, fitting, and superior evidence, 
ideally in a readily accessible format. Equally vital is the determination and self-
assuredness to recalibrate practices in light of evidence.

Occasionally, the sought-after answers to inform clinical practice may remain 
elusive. It’s essential to internalize that the absence of evidence does not imply 
an absence of impact. The absence of conclusive evidence should not hinder 
Physiotherapists from participating in the evidence-based process; instead, it 
should fuel the impetus to galvanize fresh research endeavors in pursuit of the 
requisite evidence within the domain of Physiotherapy. This resilience underscores 
the dynamic nature of evidence-based practice as a driver for continuous improve-
ment and growth in the field.

Barriers Example

Structural Policies and Financial disincentives

Organizational Lack of staff skills, poor working environment or lack 
of equipment/diagnostic tools

Peer group Local standard of care not standard

Individual inadequate knowledge, quackery, attitudes or skills

Professional-patient interaction Problems with information processing, lack of 
communication skills

Consumers Wrong information and illiteracy

Table 2. 
Barriers to implementing evidence-based practice [21].
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Chapter 2

Clinical Measurement as a Resource 
for Evidence-Based Practice in 
Physiotherapy
Sham’unu Isah Abdu, Abduljalil Hussaini Maikarfe,  
Hassan Bukar Gambo, Isa Muhammadu Tanko  
and Fatima Sada Sani

Abstract

Evidence-based practice (EBP) is the cornerstone of the twenty-first century. 
It is an approach to healthcare that emphasizes making decisions based on the best 
available evidence, combined with clinical expertise and patient values. The main 
goal of every healthcare professional is to have credible and reliable justification for 
the treatment of an individual patient. Scientific evidence should be used to influence 
practice in physiotherapy. The need to measure outcomes in physiotherapy practice is 
undisputed with the growing pressure on physiotherapy to embrace evidence-based 
practice. An outcome measure gives baseline data before giving any intervention, and 
initial outcomes may assist in establishing the path of therapy intervention. To evalu-
ate and enhance patient care, uphold professional standards, and “do the right thing,” 
clinical audit is crucial.

Keywords: evidence-based practice, clinical measurement, clinical assessment tools, 
outcome measures, clinical audit

1. Introduction

Evidence-based practice (EBP) is the cornerstone of twenty-first century. It is an 
approach to healthcare that emphasizes making decisions based on the best avail-
able evidence, combined with clinical expertise and patient values [1]. The goal of 
every healthcare professional is to have a credible and reliable rationale for treating 
an individual patient. Physical therapists participate in an assessment process that 
includes taking a medical history, conducting a systems review, and performing 
clinical tests and measurements to identify potential and existing problems, as well 
as to establish diagnosis and prognosis. In more recent times, there has been pressure 
on physiotherapist from the government and other health insurers to become more 
accountable for their practices and justify what they do. The need to measure out-
comes in physiotherapy is undisputed with the growing pressure on physiotherapy to 
embrace EBP [2].
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Herbert and colleagues provided further guidance for using the principles of 
EBP in physiotherapy, which is informed by relevant, high-quality clinical research 
(evidence), coupled with physiotherapist practice-generated knowledge and patient 
preference and perspectives. Integrating research results with the patient’s values, 
circumstances and preferences, the physical therapist’s practical expertise, and the 
clinical setting constitutes evidence-based physical therapy practice [3]. Despite the 
obvious advantages of EBP, its implementation in physical therapy (and other medi-
cal disciplines) has been poor and variable in terms of quality [4]. Concerns about 
the compatibility of aspects of EBP and the lack of clinically relevant research were 
of concern [2]. Clinical measurement plays a vital role in generating such evidence 
in order to promote the best possible clinical outcomes and offer patients/colleagues 
with reliable information (Figure 1).

1.1 High quality clinical research

The term clinical research is usually used to mean a comprehensive research of the 
safety and effectiveness of the most promising advances in patient care that generate 
knowledge with either experiment or observation conducted in a clinical environment [5].

1.2 Patient values and preference

Values and preferences relate to the belief that patients place on health outcomes. 
Traditionally, healthcare professionals make decisions about treatment for their 
patients. Recently, there has been a shift toward patient involvement in making 
decisions. These concepts see patient values as a central part of quality healthcare 
practices and highlight the importance of considering aspects that people value in 
healthcare practices be taken seriously [6–9].

Figure 1. 
Core concept of evidence based practice.
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1.3 Clinical expertise/clinical knowledge

Any knowledge that comes from professional practice and experience, which 
includes the general basic skills of clinical practice as well as the experience of the 
individual practitioner [10]. Practice knowledge should always be incorporated into 
the decision-making process and thus contribute to professional judgments that 
must be made together with patients. To achieve positive and gratifying outcome, 
clinical expertise must take into account and harmonize the patient clinical condi-
tion and context, pertinent research findings, as well as the patient’s preferences 
and actions.

1.3.1 Process of clinical decision-making

Clinical decision-making is a continuous and evolving process in which data is 
collected, interpreted, and evaluated to make an evidence-based action decision [11]. 
Clinical decision-making brings together information from high-quality clinical 
research, patient preferences, and information from therapists in a specific context. 
Practice knowledge alone is not evidence. It only contributes to judgment that has 
to be made in day-to-day practice. Decision has to interact with research evidence, 
patient values, and practice knowledge.

Five steps for evidence-based Physiotherapy [12].

1. Ask question Converting the need for information into answerable question 
(questions related to diagnosis, prognosis or therapy etc.).

2. Find information/evidence to answer question Track down the best evidence 
with which to answer that question.

3. Critically appraise the information/evidence Critically appraising that evidence 
for its validity and applicability.

4. Integrate appraised evidence with own clinical expertise and patient’s prefer-
ences Integrating the critical appraisal with our clinical expertise and with our 
patient’s unique biology, values, and circumstances.

5. Evaluation Evaluating our effectiveness and efficiency in executing Steps 1–4 
and seeking ways to improve them both for next time.

1.3.2 Advantages of evidence-based practice

Engaging with both research and clinical findings can enhance the proficiency 
of physiotherapists’ clinical practice [1] and help prevent the misuse, overuse, and 
underuse of healthcare services [13]. In an era of growing accountability of healthcare 
practitioners, this may provide a useful framework within which to work. Indeed, 
this has led some to argue that there is a moral obligation to base decision-making 
on research findings [2]. Overall, Evidence-Based Practice provides a systematic and 
structured approach to decision-making that benefits both practitioners and the 
individuals they serve. It combines the best available evidence with clinical expertise 
and patient preferences, leading to improved outcomes and higher quality care. 
EBP improves patient/client outcomes, provides higher quality of care, ensures cost 
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effectiveness, encourages professional development and transparency and account-
ability, reduces variation in practice, integrates research and practice, enhances 
communication among interdisciplinary teams, and emphasizes the importance of 
considering patient preferences, values, and needs when making treatment decisions. 
This helps ensure that interventions align with patients’ goals and promote shared 
decision-making.

2. Clinical measurement

Measurement is a key element of evidence-based practice that gives clinicians the 
data they need to make decisions regarding patient care [14]. Questioning one’s own 
practice is the beginning and end of the evidence-based physiotherapy process. It is 
vital to constantly consider if the evidence-based procedure being used is yielding 
the optimum results for the patient. The main goal of every healthcare professional 
is to have credible and reliable justification for treatment on an individual patient. In 
recent years, due to the escalating expenses of health care, providers have been under 
more and more pressure to account for how their services are used. Concurrently, 
increased competition in the market has made it necessary for practitioners to offer 
evidence of treatment success to clients, insurance companies, and other funding 
sources. Given these elements, there is a critical need to precisely identify cost-
effective treatments from the standpoint of the patient, their family, the healthcare 
provider, and society at large [15]. Scientific evidence should be used to influence 
practice in physiotherapy, and appropriately assessing health outcomes is a key tactic 
for accomplishing this.

An outcome can be considered as the consequences of care, a substantial change 
in the health condition of a patient [16], while outcome measures are tools used for 
measuring changes in patients’ functioning, performance, or participation over time 
following an intervention [17–19]. Using outcome measure to monitor patient health 
status is seen as a crucial component of excellent clinical practice in physiotherapy 
[20]. There are many practical concerns that must be taken into account when imple-
menting the day-to-day use of OMs, including the use and interpretation of OMs in 
the clinical setting and the psychometric properties.

2.1 Selecting an outcome measure

Choosing the right outcome measure is one of the most crucial steps in its use in 
clinical practice. When selecting an outcome measurement tool, the clinician must 
consider the purpose for which the outcomes will be used and the key health areas to 
be measured in the context of age, stage and patient status, and the clinical environ-
ment [21]. The need to decide which are the most relevant should be based upon 
sound psychometric properties, which should be quick and easy to complete and 
score and most importantly be intuitive to interpret (Table 1).

2.2 Types of outcome measures used in clinical practice

Generic: These are questionnaires designed to evaluate perceived change in the 
wide domain of general health and well-being across various medical conditions, 
populations, or interventions, for example, SF-12 and Sickness impact profile  
(SIP) [26].
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Dimension-Specific: focuses on how the patient perceives aspects like pain, locus of 
control, anxiety, or coping pain rating scale and the Borg scale of perceived exertion 
(limited to a single dimension of health) [27].

Condition-specific outcome measurement tools are questionnaires that have been 
devised for specific diseases. Eg Arthritis impact mea-surement scale (AIMS), and 
Western Ontario Rotator Cuff Index (WORC) [28].

Region-Specific: These are questionnaires that have been devised for specific 
regions of the body, for instance, lower limb task questionnaire, Neck disability index 
(NDI), and Disabilities of the arm shoulder and hand (DASH) [28, 29].

Patient-Specific: rely on the experiences of each patient rather than on predeter-
mined queries.

These center on the functional limitations status of the specific determined at the 
time of questioning. Questions and answers are specific to individual patients, for 
example, Patient specific functional scale (PSFS) [30].

3. Barriers toward evidence-based practice among physiotherapist

Evidence-based practice barriers can be thought of as modifiable elements that 
prevent the implementation of EBP, and understanding them could help to improve 
the environmental and organizational context as well as education [31]. In a recent 
systematic review by Matteo Paci and colleagues that investigated the barriers to 
evidence-based physiotherapy. The review included 29 studies reporting the opinions 
of nearly 10,000 physiotherapists. Lack of time was the most frequently encountered 

Psychometric Concern

Validity Validity is often defined as the extent to which an instrument measures what it purports 
to measure [22].

Content validity: is the degree to which the content of the tool adequately reflects the 
construct of interest [23].

Construct validity: is the degree to which the scores of a tool are consistent with 
hypotheses based on the abstract concept [23].

Criterion Validity: when the measurement of one tool can be used as a substitute 
measurement, for an established reference standard (gold standard) [23].

Concurrent validity: establishes the validity of two measurements taken at the same time 
(perhaps one tool is considered more efficient than the Gold Standard) [23].

Reliability is the reliability of an outcome measure is the extent to which the outcome measure 
scores remain consistent over repeated tests of the same patient under identical 
conditions. (intra class correlation coefficient (ICC)) [24].

Test-retest reliability: indicates consistency of measures over time, (i.e., with more than 
one application).

Intra-rater reliability: indicates agreement of repeated measures obtained by the same 
person.

Interrater reliability: indicate agreement between two or more examiners.

Responsiveness is the ability instruments have to measure small changes that are clinically important, 
where participants or patients respond to effective therapeutic interventions [25].

Table 1. 
Psychometric properties of outcome measures.
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barrier and was reported by 53% of physiotherapists. This was followed by language 
(36%), lack of access (34%), and lack of statistical skills (31%). Herbert et al. [32] 
report that even in most evidence-based practice settings, implementing an evidence-
based approach to clinical decision-making and practice faces significant practical 
challenges. Many studies have identified several barriers to evidence-based practice in 
physiotherapy and other health professionals. In a cross-sectional survey conducted 
in Columbia, 56% of the respondents indicated that the most common barrier was 
lack of research skills as being the most important barrier to using EBP. The next two 
highest rated barriers that were rated as significant barriers were lack of understand-
ing of statistical analysis and inability to apply findings to individual patients having 
unique characteristics [33]. Hannah C, [34], conducted a survey among the mem-
bers of the Malaysian Physiotherapy Association and other practicing therapists in 
Malaysia to identify the knowledge, attitude, and barriers toward the implementation 
of EBP among physiotherapists. Time constraints, limited access to databases, and 
lack of generalizability of studies result are the three major barriers to implementing 
EBP [34]. Another survey carried out in Pakistan identified lack of availability of 
resources to access information as the biggest barrier followed by lack of time and lack 
of support among physiotherapists [35]. In a well-conducted study carried out in New 
South Wale, United Kingdom, 60% of survey participants reported that perceived 
impacts on the therapeutic alliance is a barrier to applying evidence, followed by skills 
and environmental context and resources [36]. These reported barriers are similar to 

Domain Barrier Facilitator

Competence/skills Lack of knowledge, education, 
routine, and experience
Diagnosis focused on International 
classification of function domain: 
body functions

Sufficient knowledge and education

Measurement instruments are already used in 
daily routine

Attitude Resistance to change
No conviction of additional value 
on the plan of care
Being overloaded with information

Readiness to change
Positive attitude toward the use of 
measurement instruments
Conviction of contribution to quality of 
physical therapy care

Practice Takes too much time
Absence of practice policy

Patient computer system
Presence of practice policy

Colleagues Lack of discussions, meetings, and 
feedback from colleagues
No adherence to the agreements 
made

Regular meetings and feedback from colleagues

Innovative teamwork and cooperative 
colleagues

Patient Different expectations and 
preferences: needs no measurement 
instruments, wants only therapy, 
and puts pressure on therapist

Patient wants objectives to evaluate outcome 
of therapy

Measurement 
instrument

Poor availability
Difficult choice
Feasibility: extensive, difficult 
interpretation, and unclear 
instructions

Good availability

Table 2. 
Stevens, J. G. A., identifies some physical therapist barriers to and facilitators of the use of measurement 
instruments.
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those reported from other similar studies conducted by other healthcare disciplines 
such as nursing [37–41], internal medicine [42], emergency medicine [43], and 
dentistry (Table 2) [44].

4. Audit of clinical practice in physiotherapy

Audit of treatment is an accepted technique for assessing the effectiveness and 
efficiency of a practice as well as the accuracy of record keeping that should be 
based upon high-quality clinical research. A clinical audit is an approach of qual-
ity improvement that strives to enhance patient care and outcomes by a systematic 
evaluation of treatment based on specific criteria. Changes will be undertaken as 
appropriate, and additional monitoring will be employed to validate healthcare 
improvements [45].

4.1 Why audit the clinical practice?

Clinical auditing is a valuable tool for assessing and enhancing patient care, 
maintaining professional standards, and promoting ethical practices. Healthcare 
professionals can use this approach to identify and track areas of risk in their services. 
Additionally, auditing fosters a culture of quality improvement within the healthcare 
industry, increases job satisfaction, and improves healthcare quality and efficiency. 
Completion of the audit cycle establishes the effectiveness of the audit in improv-
ing the care of patients [46]. The practice audit can be carried out by the individual 
clinician; however, it is better to have someone else collect the data methodically and 
without bias. The patient’s physiotherapy record is the primary source of data that 
the auditor examines to check if the practice recorded tallies with set evidence-based 
criteria. If there was a discrepancy between the practice and the criteria, an action 
plan should be implemented against the established discrepancies. Repeating the 
audit cycle is mandatory to ensure adherence is greater.

The cyclical process of clinical audit can be outlined in five stages.

• Planning for audit

• Setting standards/criteria

• Measuring performance

• Making improvement

• Sustaining Improvement

Stage 1. Planning for audit: The success of an audit project’s outcome depends on 
proper planning and preparation. In this stage stakeholder engagement, choosing the 
audit topic and planning the delivery of audit fieldwork are crucial for the success of 
the audit [45].

Stage 2. Selection of standards and criteria: Following the selection of the audit 
topic, the next critical step is to analyze the available evidence to define the standards 
and audit criteria against which the audit will be conducted. Evidence-based stan-
dards are preferred [47].
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Stage 3. Measuring performance: This stage involves collection of data, analysis 
of data, drawing conclusions, and presenting results. It is essential that the data 
collected during a clinical audit is accurate and relevant to the audit being con-
ducted. The audit team should specify and approve the data source. Deciding which 
source to use depends on various factors, including accessibility, accuracy, and 
 completeness [48].

Stage 4. Making improvement: Changes should be put into effect in this stage, and 
to ensure that necessary changes are made, all effective audit programs must include a 
program of change activities and post-identification of the audit results to ensure that 
the required changes take place [49].

Stage 5. Sustaining improvements is also crucial: This stage involves monitoring 
the quality improvement plan, performance indicators, dissemination and celebrating 
success, and reauditing. The audit cycle is a continuous process that involves two data 
collections and a comparison of that data after the change has been implemented after 
the first data collection to determine whether the desired improvements have been 
achieved (Figure 2) [50].

5. Conclusion

Measurement is a fundamental component of evidence-based physical therapy 
that provides most of the essential information clinicians need to make decisions in 
patient management. Effort to enhance the utilization of outcome measure in physio-
therapy practice through the use of best available research evidence have resulted in 
the wide spread use of the term “evidence-based practice.” Physiotherapists should be 
better equipped to integrate data from high-quality research with patient preferences 
and professional expertise.

Figure 2. 
Cycle of clinical audit.
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Assessment Indicators 
for Determining Walking 
Independence
Ryosuke Yamamoto, Shoya Fujikawa, Shun Sawai  
and Hideki Nakano

Abstract

Walking disorders not only significantly reduce activities of daily living and lower 
the quality of life, but also increase the burden on caregivers and the use of social 
resources. Therefore, an appropriate assessment of walking independence is very 
important in physiotherapy practice. Several indices have been reported to assess 
walking independence in stroke patients. Most of them are evaluated with a focus on 
physical function and balance ability, and the cut-off values for each indicator have 
been reported. This chapter describes the validity, relevance, and cut-off values of the 
balance and walking indices used to assess walking independence in stroke patients, 
and outlines their clinical applications.

Keywords: physiotherapy, evaluation, level of walking ability, balance, stroke

1. Introduction

Aging is often associated with a decline in physical function, which ultimately 
leads to a loss of independence while performing activities of daily living (ADL). 
Walking is a general ADL and is important as a major determinant of the quality 
of life (QOL) in older people. Walking velocity has been called the ‘sixth vital sign’ 
because it is a central indicator of health and function in older people [1]. There is also 
a significant difference in the walking velocity and ADL dependence between those 
with sarcopenia and healthy older people [2]. Furthermore, walking velocity indicates 
neuromuscular quality and is an important determinant of aging [2]. Algorithms 
involving walking velocity measurement that have been developed to determine 
sarcopenia in older adults are simple and reliable [3]. They have also been used to 
diagnose functional impairments and dependency disorders in older adults [3–5]. 
Similarly, a decrease in walking velocity because of reduced muscle mass is associated 
with aging [1]. These factors raise the concern that the likelihood of developing a 
walking disorder increases with age, even in the absence of specific diseases. Walking 
disorders are accompanied by limitations in mobility and activity and they restrict 
ADL and lower the QOL. Therefore, maintaining and improving the walking ability 
during rehabilitation is an important goal for physiotherapists. In this chapter, the 
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evaluation indices that are generally used to determine walking independence and 
those used to determine walking independence in stroke patients are described in 
sections.

2.  The various assessment indicators in the determination of walking 
independence

Most measures of walking independence are based on walking ability, physical 
function [disease and motor function in the region of the impairment], and balance 
ability. This section describes various assessment indices used to determine walking 
independence.

2.1 General assessment indicators for determining walking independence

There are a wide range of diseases that require physiotherapy. Therefore, 
 physiotherapists need to consider the characteristics of individual diseases and the 
stage of the disease to appropriately assess the degree of walking independence. The 
most commonly used evaluation indices for walking independence are those that 
assess balance and walking indicators. The Functional Reach Test (FRT), Berg Balance 
Scale (BBS), and Mini-Balance Evaluation Systems Test [Mini-BESTest] are com-
monly used as evaluation indices for balance ability, and their reliability and validity 
have already been reported [6, 7]. The 10-meter walking test [10MWT] [8] and the 
Timed Up and Go (TUG) test are generally used as walking indicators. This section 
summarizes the assessment indicators commonly used in walking independence 
assessment and their details (Table 1).

TUG is reportedly a reliable assessment, strongly correlating with balance, pos-
tural control, walking ability, and fall risk [8, 13]. TUG ≥13.5 s and BBS < 46 points 
are the cut-off values for a balance disorder [9]. In frail older adults, the cut-off value 
of the FRT to determine the risk of falling is ≥18.5 cm [6]. Furthermore, the cut-off 
value of the Mini-BESTest to determine walking independence in patients admitted 

Evaluation indicator Detail

Balance 
ability

Functional Reach Test (FRT) [6] The cut-off value for discriminating the risk of 
falls in frail elderly people is ≥18.5 cm.

Berg Balance Scale (BBS) [9] Balance impaired the cut-off value of 46 points.

Mini-Balance Evaluation Systems Test 
(Mini-BESTest) [10]

In patients admitted to recovery units, the Mini-
BESTest cut-off value for determining walking 
independence is 18 points.

Walking 
ability

10-meter Walking Test (10MWT) [11, 12] In patients admitted to recovery wards, the cut-off 
value for walking independence is 0.8 m/s.
In community-dwelling elderly, indoor walking 
independence is 0.5 m/s; outdoor walking 
independence is 1 m/s.

Timed up and Go Test (TUG) [9] The cut-off value for determining a balance 
disorder is ≥13.5 s.

Table 1. 
Generally used assessment indicators for determining walking independence.
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to rehabilitation wards is 18 points [10]. The BBS score of hip fracture patients 
admitted to rehabilitation wards helps to predict walking independence at discharge 
and determine treatment according to the predicted level of independence [14]. The 
reported cut-off value for the 10MWT, a walking indicator, for walking independence 
in patients in recovery wards is 0.8 m/s, indoor walking independence in older adults 
living in the community is 0.5 m/s, and outdoor walking independence is 1 m/s [11, 
12]. As described above, several previous studies have reported on the use of general 
balance and walking indicators to identify cut-off values for determining walking 
independence and fall risk.

2.2  Indicators for assessing walking independence based on walking ability  
in stroke patients

Walking disorders are one of the most serious consequences associated with 
stroke, and approximately 30% of stroke patients have difficulty walking indepen-
dently even in the chronic phase [15]. In addition, 38% of stroke patients are unable 
to walk at 6 months after stroke onset [16]. Stroke is a neurological disease and its 
sequelae are associated with physical disability. Walking disorders are observed 
in more than 50% of stroke patients. Walking disorders may be due to motor or 
sensory disorders, spasticity, or balance disorders [17]. It is necessary to assess the 
factors involved in walking disorders to improve walking independence. Walking 
ability includes walking independence, velocity, and endurance. The Functional 
Ambulation Categories (FAC) are used to assess walking independence, the 
10MWT to assess walking velocity, and the 6-minute walk test (6MWT) to assess 
endurance. Stroke patients suffer problems such as motor paralysis and sensory 
impairment [17, 18]. Moreover, impaired balance is due to reduced motor control 
of the limbs, pelvis, and trunk, sensory impairment, and impaired spatial percep-
tion of the body [19]. Furthermore, impaired balance has been reported to lead to 
reduced mobility [20]. Therefore, it is essential to assess gait ability from multiple 
perspectives using the above assessment indices to appropriately assess stroke 
patients’ gait ability (Figure 1).

The FAC is a walking indicator that classifies walking ability on a 6-point scale 
from 0 to 5 based on the amount of care required while walking and has been 
reported to have excellent reliability in patients with post-stroke hemiplegia [21]. 
The FAC at 4 weeks after stroke onset has been reported to have predictive validity 
for walking ability at the regional level 6 months after stroke onset [21]. In addition, 
walking velocity is one of the most sensitive measures to assess walking indepen-
dence, using an assessment index related to walking indicators, walking velocity 
being one of the walking ability indicators [22]. It has also been reported that the 
comfortable walking velocity for the 10MWT is a valid walking indicator for assessing 
walking ability in stroke patients [23]. Another study reported that the trunk control 
test (TCT) and FAC can predict walking independence 45 days after stroke onset 
[24]. Previous studies have compared the BBS, Mini-BESTest, and Functional Gait 
Assessment (FGA) in terms of reactivity, floor effect, and ceiling effect at different 
levels of walking: The BBS showed the highest relative effect in the FAC2-3 group and 
the Mini-BESTest showed the highest relative effect in the other two groups (FAC 4-5 
and 6) [25]. In patients with FAC 2-3, the floor effect occurred with the FGA, and in 
patients with FAC 6, the floor effect occurred with the BBS [22]. The BBS is suitable 
for stroke patients with FAC 2 to 5, while the MBT and FGA are suitable for stroke 
patients with FAC 4 to 6 [25]. The cut-off values for the 10MWT in stroke patients are 



Physical Therapy – Towards Evidence-Based Practice

34

<0.4 m/s for those with walking independence at home, 0.4–0.8 m/s for those with 
walking independence in a limited area, and > 0.8 m/s for those with walking inde-
pendence in the community [26]. Furthermore, walking endurance and velocity are 
good predictors of whether subacute stroke patients will reach community walking 
levels at 6-month post-discharge. The cut-off values are 195 m and 0.56 m/s, respec-
tively [27]. The 10MWT and 6MWT have different cut-off values depending on which 
level of walking independence is targeted, so the meaning of the measured times and 
distances should be interpreted according to the needs of the individual patient.

2.3  Indicators for determining walking independence based on physical function 
in stroke patients

Patients present with a wide range of clinical symptoms following stroke. 
 Post-stroke motor function impairment appears as muscle weakness, abnormal 
muscle tone, and impaired motor coordination, and mobility is also impaired with 
these symptoms. Voluntary neurological recovery of post-stroke motor function pro-
gressively improves over the first 3–6 months after stroke onset, before reaching the 
ceiling [28]. In physiotherapy, it is necessary to quantitatively assess physical function 
and plan intervention methods tailored to the patient, with the aim of improving the 
patient’s physical function.

Various assessment indices, such as the Fugl-Meyer Assessment (FMA), 
Brunnstrom recovery stage, Motor Assessment Scale (MAS), and Stroke Impairment 
Assessment Set, have been developed to evaluate motor function in stroke patients.

The reliability and validity of these assessment measures have been reported 
[29–31]. Stroke also reduces the ability of the trunk coordination immediately after 
stroke onset. In particular, reduced trunk muscle activity reduces pelvic movement, 
affecting trunk asymmetry and causing reduced balance ability [32]. The TCT and 
Trunk Impairment Scale (TIS) are reliable and valid as assessment indices of trunk 
function in stroke patients [33–35]. It has also been reported that in stroke patients, 
the TIS score on admission is strongly correlated with the National Institutes of 
Health Stroke Scale, upper limb FMA, and lower limb FMA scores [29]. Furthermore, 
trunk function has been shown to influence stroke severity and upper and lower limb 
motor function. The cut-off values for determining walking independence in stroke 
patients using each index to assess motor function are described below. Patients with a 
lower limb MAS score of ≥5 within 4 weeks after stroke onset can walk independently 
[36]. In addition, patients with a TCT score of ≤50 at 14 days after stroke onset have a 
FAC < 4 [34]. Thus, previous studies have shown that the motor function of the para-
lyzed lower limb and trunk function affect the physical functional factors involved in 
the degree of walking independence in stroke patients.

Figure 1. 
Assessment index for gait ability in stroke patients.
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2.4  Indicators for the assessment of walking independence based on balance 
ability in stroke patients

Stroke causes a variety of complications, including muscle weakness, sensory 
impairment, and cognitive decline [35]. Sensory impairment, in particular, affects 
balance and postural control in stroke patients and is important for keeping the body 
upright and stable under different conditions [37]. Reduced balance ability after 
stroke is associated with reduced ADL [38] and limited social participation [39]. 
Decreased balance ability is caused by reduced motor control of the limbs, pelvis, and 
trunk, sensory impairment, and reduced spatial cognition of the body [19]. It has also 
been reported that reduced balance ability increases the risk and fear of falling [20] 
and leads to reduced ADL and a lower QOL [40]. After stroke, patients present with a 
wide variety of clinical symptoms. It is, therefore, essential to assess motor function 
as described in the previous section and balance function in detail (Figure 2).

The commonly used balance assessment indices in stroke patients include the BBS, 
FRT, TUG, and one-leg standing (OLS). Their role in determining treatment strat-
egy is limited, but their effectiveness in stroke patients has been reported [41]. The 
cut-off value of the FRT to determine the presence of falls in stroke patients is 15.0 cm 
[42]. The BBS, one of the typical assessment indices, has also been found to be a very 
valid and reliable means of assessment of balance ability in stroke patients [43]. This 
section provides a table summarizing the assessment measures used in gait indepen-
dence assessment in stroke patients and their details (Table 2).

The BBS has been reported to have a cut-off value of 31 points as a discriminatory 
criterion between the falls and non-fall groups in hospitalized stroke patients [44]. In 
addition, stroke patients with a BBS score of ≥29 points on admission recover to com-
munity ambulation or walking ability without walking aids after 4 weeks. It has been 
reported that if the BBS score on admission is ≥12 points, non-ambulatory patients 
can reach walking independence [45]. Furthermore, the cut-off value for the BBS 
score in chronic stroke patients based on walking at the community level (>0.8 m/s) 
has been reported to be 47.5 points [46]. However, because the BBS, OLS, and FRT 

Figure 2. 
Assessment indices for physical function and balance in stroke patients.
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have floor and ceiling effects [49–51], the Mini-BESTest was newly developed as a bal-
ance assessment indicator for patients with neurological disorders. The Mini-BESTest 
is an evaluation index that calculates scores for six factors related to balance function 
(biomechanical constraints, stability limits, postural change—predictive postural 
control, reactive postural control, sensory function, and walking stability). It is also 
a useful indicator for clarifying therapeutic intervention strategies for patients with 
balance disorders by identifying problems in individual balance functions by the 
element [47, 48]. The Mini-BESTest has also been tested for reliability and validity at 
all stages of stroke patients. Furthermore, the cut-off value of the Mini-BESTest in 
stroke patients based on walking at the community level (>0.8 m/s) has been reported 
to be 18.5 points [46]. In summary, walking independence and fall risk can be better 
determined by assessing the balance ability using the BBS, Mini-BESTest, and FRT 
(Table 2).

3.  Determining walking independence based on brain imaging in stroke 
patients

Pathophysiological changes in motor recovery after stroke mainly occur within the 
first 15 weeks after stroke, regardless of the severity of the initial motor impairment 
[52]. Motor impairments stabilize after 6 months, which is considered as the chronic 
phase [53]. However, it has been reported that motor function continues to improve 
during the chronic phase through various mutually complementary brain plasticities 
[52]. Brain imaging showing the structure and function of the motor cortex has also 
been reported to help predict both motor recovery and motor outcome after stroke 
[54]. Specifically, it has been suggested that the measurement of the corticospinal 
tract (CST) in the acute phase may predict motor function. Early measurement of 
the number of fibers in the CST predicts motor outcome (FMA score) at 12 months, 
especially in patients with first stroke [55]. The number of fibers in the ipsilateral 
and contralateral CST (FA value) in the acute phase suggests a good recovery of 
motor function after stroke [56]. Moreover, neuroimaging and neurophysiology CST 
biomarkers can predict the prognosis of motor function and response to treatment 
after stroke and are recommended for use in clinical trials, including patient strati-
fication [57]. The CST can be elucidated using magnetic resonance imaging, and the 
FA values of diffusion tensor imaging in particular have been identified as a reliable 
tool to identify the structural integrity of CST after stroke [58, 59]. In summary, brain 
imaging is a clinically important indicator when planning individualized rehabilita-
tion of patients. Recently, several studies have reported the use of brain imaging to 
predict recovery of motor paralysis in stroke patients. It has been suggested that the 
FA value of the ipsilateral CST on day 14 after stroke onset is significantly correlated 
with improvement in motor paralysis [60–63]. However, the association with an index 
to assess walking independence is not clear and is a subject for subsequent studies.

4. Conclusion

In this chapter, each section describes an index to determine the degree of walking 
independence in stroke patients. It is clear that not only the reliability and validity of 
individual assessment indices but also the degree of brain damage, motor paralysis, 
trunk function, balance, and walking ability correlate with each other. Therefore, 
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physiotherapists must assess the disability caused by stroke from multiple perspec-
tives. In addition, it is important to match the cut-off values for balance and walking 
ability to determine the degree of walking independence. In the future, it will be 
important to clarify the relationship between the results of brain imaging analysis 
and indices of physical function, balance, and walking ability to improve the accuracy 
of prognostic prediction and establish evidence for walking independence in stroke 
patients.
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Chapter 4

Assessment of Brain Inhibitory 
Function in Physical Therapy
Shoya Fujikawa, Shun Sawai, Ryosuke Yamamoto  
and Hideki Nakano

Abstract

Interhemispheric inhibition is an inhibitory function of the brain that enables 
complex human locomotion and plays an important role in motor control. Traditionally, 
interhemispheric inhibition has been assessed using transcranial magnetic stimulation, 
functional magnetic resonance imaging, and electroencephalography. However, motor 
overflow and bimanual coordinated movements have recently attracted attention as 
behavioral indices involving interhemispheric inhibition. Motor overflow is defined 
as the presence of involuntary movements or weak muscle activity that appears with 
voluntary movements and has been found to occur mainly in the elderly, children, and 
those with central nervous system diseases. In addition, interhemispheric inhibition is 
involved in bimanual coordinated movements associated with interhemispheric motor 
control and information processing. This chapter outlines motor overflow and bimanual 
coordinated movements as new behavioral indices of interhemispheric inhibition and 
proposes assessment methods that can be performed in physiotherapy clinics.

Keywords: brain inhibitory function, interhemispheric inhibition, motor overflow, 
bimanual coordinated movement, elderly

1. Introduction

Interhemispheric inhibition is the mechanism by which the left and right cerebral 
hemispheres inhibit the activity of the other hemisphere and is believed to occur 
during voluntary one-handed movements [1]. Interhemispheric inhibition has also 
been shown to be associated with motor control in humans [2]. In 1956, Creutzfeldt 
et al. first reported the presence of inhibition in the cerebral cortex of cats [3]. 
Subsequently, in 1993, experimental evidence of inhibitory effects on the cerebral 
cortex in humans was demonstrated using transcranial magnetic stimulation (TMS), 
which non-invasively modulates brain activity [4]. Since the 1980s, several studies 
have provided supportive evidence for the existence of interhemispheric inhibition 
[5–7]. However, using two TMS devices, Ferbert et al. reported particularly reliable 
evidence for the presence of interhemispheric inhibition in healthy adults [8]; in this 
study, the effects of conditioning magnetic stimulation applied to the hand area of 
one primary motor cortex and test magnetic stimulation applied to the hand area 
of the contralateral primary motor cortex on electromyographic (EMG) responses 
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evoked in the first dorsal interosseous muscle were examined. The results showed 
that the test response elicited in the contralateral hemisphere was suppressed when 
the interval between the application of conditioning stimuli to one hemisphere, and 
the next test stimulus was more than 5–6 ms. The researchers termed this suppression 
“interhemispheric inhibition” and hypothesized that it was induced via the corpus 
callosum.

The measurement of interhemispheric inhibition has also been used to elucidate 
the pathophysiology of movement disorders from a central nervous system perspec-
tive [5]. However, recent studies have demonstrated a link between age-related altera-
tions and interhemispheric inhibition [9]. Therefore, in the context of an increasingly 
elderly population worldwide, interhemispheric inhibition may serve as a predictive 
indicator of motor and cognitive decline in the elderly [9–11]. In this chapter, we 
review the latest assessment indices for interhemispheric inhibition and assessment 
methods for potential application in the clinical physiotherapy setting.

2. Interhemispheric suppression and conventional measurement methods

The presence of interhemispheric inhibition has been known since the 1990s, and 
many studies have elucidated its mechanism as a cortical inhibitory function necessary 
for motor control. Notably, studies on interhemispheric inhibition in humans have 
employed functional magnetic resonance imaging (fMRI) and electroencephalog-
raphy (brain) when evaluating unilateral upper limb movements. In addition, some 
studies have used noninvasive modulation of the brain activity using TMS to evaluate 
interhemispheric inhibition instead of unilateral upper limb motor tasks. This section 
reviews the traditional methods used to evaluate interhemispheric inhibition, differ-
ences between the measurement methods, and the results of the associated studies.

2.1 Interhemispheric suppression and TMS

TMS is a noninvasive tool that modulates the excitability of the motor cortex by 
generating a magnetic field that passes through the scalp using a wire coil [12]. It has 
been used as a rehabilitation treatment for stroke, spinal cord injury, traumatic brain 
injury, and multiple sclerosis, as well as for neurophysiological diagnoses [13]. TMS 
interventions for assessing interhemispheric inhibition have been reported since the 
1990s. In 1998, Mayer et al. investigated the mechanisms underlying the development 
of interhemispheric inhibition and tested whether a TMS-based approach could be 
used to diagnose interhemispheric inhibition [14]. Fourteen patients with lesions 
in the corpus callosum were included in this study. Of all the participants, four had 
lesions in the cerebral corpus callosum, two in the anterior trunk, six in the middle 
trunk, and two in the vastus callosum. TMS was applied to the hand regions of the 
primary motor cortex at an intensity of 80% of the maximum voluntary contraction 
(MVC) force. Surface electrodes were placed on the bilateral first dorsal interosseous 
muscles, and EMG activity was measured. The results showed that interhemispheric 
inhibition did not occur in one participant with a lesion in the corpus callosum nor 
in six participants with a lesion in the corpus callosum trunk. The other participants 
showed interhemispheric inhibition, leading to the conclusion that the majority of 
fibers mediating interhemispheric inhibition passed through the corpus callosum. 
Other studies have provided evidence corroborating the notion that interhemispheric 
inhibition occurs via the corpus callosum [15, 16]. Therefore, TMS can modulate brain 
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activity to induce interhemispheric inhibition. The corpus callosum has also been sug-
gested as a useful neurophysiological target for assessing interhemispheric inhibition.

2.2 Interhemispheric inhibition and fMRI

fMRI, based on MRI, is used to evaluate dynamic changes in the brain tissue 
resulting from variations in neurometabolism [17]. In 2000, Allison et al. used fMRI 
to examine interhemispheric interactions during a unilateral motor task compared to 
during a resting state [18]; in this study, 13 healthy participants with a mean age of 
36 years performed one-handed tapping exercises of the thumb and fingers from the 
index to the little finger, in turn, for four sets of 30 s each. The tapping speed advised 
to participants was to tap each of the four fingers and thumb, approximately every 2 s. 
During the tapping task, brain activity was captured every 3 s using MRI, and 128 sets 
of brain images were acquired in total. Data on regional changes in blood oxygenation 
were extracted from the acquired brain images. The results revealed activation of the 
sensorimotor cortex and subcortical regions contralateral to the hand movements, as 
well as the ipsilateral cerebellum. In contrast, finger movements were shown to cause 
significant inactivation (reduced blood oxygenation) in the ipsilateral sensorimotor 
cortex, subcortical areas, and contralateral cerebellum. Thus, this study suggests 
that the ipsilateral cerebral hemisphere and contralateral cerebellar hemisphere are 
inactivated due to interhemispheric inhibition mediated via the corpus callosum.

Interhemispheric inhibition has also been shown to be related to aging. Gröschel 
et al. examined age-related differences in the interhemispheric inhibition process, with 
negative changes in the blood oxygenation level-dependent (BOLD) signal [19]. In 
this study, 14 individuals from the younger group (mean age 23.3 years) and 13 from 
the older group (mean age 73.2 years) were included. Peripheral electrical stimula-
tion was applied to the right median nerve in all participants, and the BOLD signal 
of the somatosensory system was measured during stimulation. Peripheral electrical 
stimulation was delivered at 40 Hz, a level that produces effective fMRI responses, and 
two sets of stimulation for 30 seconds each were applied. The results showed negative 
changes in BOLD signals across all participants in the right primary somatosensory cor-
tex, primary motor cortex, thalamus, and basal ganglia. When comparing the two age 
groups, a significant difference in the inactivation of the right primary somatosensory 
cortex was identified in the one set, indicating that the elderly group had significantly 
less cortical inactivation during endogenous electrical stimulation. Thus, this suggests 
that the inhibitory function in the brains of elderly individuals is reduced compared to 
that in the young. In addition, a previous study reporting age-related changes in brain 
structure using fMRI reported that the corpus callosum degenerates and interhemi-
spheric inhibition is reduced in the elderly [20]. This indicates that the measurement 
of interhemispheric inhibition using fMRI mainly assesses regional changes in cerebral 
blood oxygenation and morphological changes in the corpus callosum in response to 
hand motor tasks and TMS. It has also been suggested that interhemispheric inhibition 
is reduced in the elderly owing to age-related degeneration of the corpus callosum.

2.3 Interhemispheric inhibition and electroencephalogram (EEG)

EEG is a reliable, inexpensive, and useful tool for investigating electrophysiologi-
cal brain activity [21]. EEG measurements of motor tasks typically involve temporally 
aligning repetitive motor events and averaging motor/event-related potentials that 
indicate cortical activity. Studies on interhemispheric inhibition have shown that 
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cortical activity is often narrowed to the beta frequency band (14–30 Hz) [22], which 
is involved in the execution of movement, and to the alpha frequency band (8–13 Hz) 
[23], which is involved in inhibitory processes within the brain [24]. The association 
between the alpha frequency band and age-related decline in motor performance 
control was examined in a previous study by Bönstrup et al. using EEG signal mea-
surement during hand motor tasks [25]. The participants included 15 young individu-
als with an average age of 25.0 years and 15 elderly individuals with an average age of 
70.0 years. The specific fingermovement task consisted of ten consecutive tapping 
movements with four fingers of the right hand. Tapping movements were performed 
at 1 Hz intervals in a randomized, complex sequence. Based on the fact that inhibitory 
control over motor performance depends on motor memory formation, EEG was 
measured 1 h and 24 h after the task. The results, shown in Figure 1, revealed that 
1 h after the task, there was an increase in the alpha frequency band in the younger 
group; however, this was not statistically significant. A significant decrease was 
observed in the alpha frequency band in the older group. However, 24 h after the task, 
there was a significant increase in the alpha frequency band in the younger group 
but not in the older group. This study suggests that the age-related impairment of 
inhibitory neurotransmission may explain the reduced alpha frequency band activity 
observed in the elderly group. It has also been suggested that corticocortical interac-
tions in the motor control networks may be reduced in the aging brain.

In a combined EEG and TMS study, Ishibashi et al. [26] assessed interhemispheric 
coupling during a motor task in 11 healthy male individuals (mean age, 24.9 years) 
using interhemispheric signal propagation (ISP), recognized as a reliable method for 
assessing interhemispheric coupling. The participants performed an experimental 
task consisting of visual stimulation and TMS with simultaneous measurement of 
motor-evoked potentials (MEPs) and EEG. In the experimental task, 100 trials were 
performed for each of the four conditions in a randomized sequence: (1) TMS was 
administered in the left primary motor cortex at rest, (2) TMS was administered in 

Figure 1. 
(A) task-related spectral power (TR-Pow) topography diagram of the alpha frequency band of the sensorimotor 
cortex in the young and elderly groups at 1 and 24 h post-task [25]. Only the TR-Pow located on the central 
coordinates of the bilateral sensorimotor cortex is shown. In the right-hand diagram, the difference between the 
two measurements (24 h and 1 h later) is plotted, and (B) bar chart showing the relative change in TR-Pow for 
the alpha frequency band of both the groups. Error bars = 1 SEM (*p < 0.05; and **p < 0.01).
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the left primary motor cortex at rest during a rapid abduction movement of the right 
index finger, (3) TMS was administered in the right primary motor cortex at rest, and 
(4) TMS was administered in the right primary motor cortex at rest during a rapid 
abduction movement of the left index finger. The occurrence of EMG activity was 
defined as the point at which the rectified EMG response in the first dorsal interos-
seous muscle exceeded 100 μV. A 19-channel recording electrode was used for EEG 
measurements, and a reference electrode was placed at the earlobe. The sampling 
frequency was recorded at 5 kHz. The results showed that the ISP from the left to the 
right hemisphere during right-handed fast movements was higher than that from the 
right to the left hemisphere. The results of this study suggest that the left primary 
motor cortex strongly inhibits the right primary motor cortex. Thus, EEG-based 
methods assess the functional connectivity between hemispheres, suggesting that 
interhemispheric inhibition is involved in motor control.

3. Motor overflow

Recently, motor overflow has attracted attention as a new index for evaluating 
interhemispheric inhibition. Motor overflow is said to be the spread of motor system 
output, causing muscular activity in muscles that are supposed to be at rest, as well as in 
target muscles [27] and an umbrella term used to describe the involuntary movements 
that sometimes accompany the generation of voluntary movements [28]. This refers to 
the involuntary movements or weak muscle activities that appear in conjunction with 
voluntary movements. When motor overflow occurs on the contralateral side in target 
muscles of the same group, it is referred to as a mirror movement [28, 29]. Regarding 
the relationship between interhemispheric interactions and mirror movements, it has 
been reported that the connectivity of the corpus callosum fibers connecting the bilat-
eral primary motor cortices is directly involved in the mirror movement that occurs 
during dominant hand movements [30].

In humans, motor overflow is caused by abnormal corticospinal tracts [31]. Both 
transcallosal and ipsilateral corticospinal tract hypotheses have been proposed to 
explain the abnormal induction of corticospinal tracts. The ipsilateral corticospinal 
tract hypothesis states that motor overflow is caused by the functional activation of 
ipsilateral corticospinal projections due to the appearance of independent corticospi-
nal neurons and the abnormal branching of crossing corticospinal fibers [32]. Hence, 
motor overflow is believed to occur in the ipsilateral hemisphere. In contrast, the 
transcallosal hypothesis states that inhibition via the corpus callosum is reduced and 
motor overflow is facilitated in the contralateral hemisphere [33]. Thus, motor over-
flow is believed to occur in the contralateral hemisphere. Previous studies have not 
yet determined which hypothesis is applicable, and both theories have been treated 
independently [32]. Further investigations are required to elucidate the mechanisms 
underlying motor overflow. Motor overflow occurs mainly in the elderly, children, 
and in central nervous system diseases. This section reviews the relationship between 
motor overflow and diseases of the elderly, children, and the central nervous system, 
as well as the evaluation methods and clinical significance of motor overflow.

3.1 Motor overflow in the elderly

Motor overflow in elderly individuals is primarily treated as an index reflecting 
motor characteristics associated with age-related alterations in interhemispheric 
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inhibition. In 2003, Bodwell et al. evaluated the magnitude and incidence of motor 
overflow in the contralateral finger using a finger movement task in elderly individu-
als [27]. The participants of this study were 20 healthy adults aged 18–25 years and 
20 healthy older adults aged 65–85 years. The finger movement task was a finger-
tapping task performed in response to auditory stimuli, and measurement parameters 
comprised the EMG of the first dorsal interosseous muscle and the extensor and 
flexor muscles of the wrist during the finger movement task. The results revealed that 
elderly participants with greater manual dexterity exhibited greater motor overflow 
in the right hand. These results suggest that motor overflow is not a sign of a decline 
in the systems that control movement but instead reflects events that compensate for 
compensatory brain activity. Similarly, motor overflow observed during finger move-
ment tasks has been reported to be caused by the increased activation of bilateral 
cerebral hemispheres with advancing age [34, 35]. Recently, Morisita et al. reported 
a relationship between interhemispheric inhibition and motor overflow using TMS 
[11]. In this study, 22 individuals were included in a group of young individuals 
with a mean age of 26.1 years and a group of elderly individuals with a mean age of 
65.0 years. TMS was applied to induce isometric abduction of the right index finger at 
15% MVC. The magnitude of the interhemispheric inhibition was assessed based on 
the MEPs produced in the primary motor cortex contralateral to the primary motor 
cortex to which TMS was applied, based on the dual-site paired-pulse TMS paradigm. 
In addition, the participants performed an anti-phase tapping task in which they 
alternated between synchronized tapping of the left index finger and right middle 
finger and synchronized tapping of the left middle finger and right index finger. The 
magnitude of motor overflow was assessed using the EMG waveform of the left first 
dorsal interosseous muscle. The results showed that older adults performed better in 
antiphase tapping as interhemispheric inhibition decreased due to higher motor over-
flow. Additionally, the lower the interhemispheric inhibition, the higher the incidence 
of motor overflow. Thus, it has been suggested that older adults may mobilize exten-
sive bilateral regions of the brain to improve or maintain performance. Therefore, the 
prevalent theory is that motor overflow in older adults appears as a result of decreased 
interhemispheric inhibition to compensate for the loss of motor capacity associated 
with age-related changes.

3.2 Motor overflow in children

Children experience motor overflow in the same manner as older adults. However, 
the factors contributing to motor overflow in children have been shown to be dif-
ferent from those in older adults, who have reduced interhemispheric inhibition to 
compensate for their reduced motor skills. Specifically, Adamo P K et al. examined 
this factor by comparing children and adults [36]. The study included 17 children 
aged 8–11 years and 17 adults aged 18–35 years. The participants performed flexion 
exercises of the index finger at 33 and 66% MVC. The results showed that children 
had significantly greater motor overflow than adults, especially in the dominant 
hand, when exercising with the nondominant hand. These results suggest that motor 
overflow in children may serve as a stabilization strategy for movement, especially 
when exercising with the nondominant hand. A follow-on study comparing three 
generations, comprising 17 children aged 8–11 years, 17 adults aged 18–35 years, 
and 16 elderly individuals aged 60–80 years was performed [37]. The participants 
performed the same flexion exercises as the prior study [36]. The results revealed 
that motor overflow occurs to a greater extent in children and the elderly than in 
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adults and that the neurological processes generated are age-dependent. These results 
suggest that children have immature motor systems and therefore, mobilize a wider 
network of regions when exerting maximum force. Simon-Martinez et al. reported 
a relationship between interhemispheric inhibition and motor overflow in children 
with unilateral cerebral palsy (uCP) [38]. Children are known to be able to reorganize 
the corticospinal tracts projecting to the paralyzed side from the contralateral, ipsilat-
eral, or bilateral cerebral cortices. The reorganization of these three pathways varies 
between individuals; in this study, of the 49 individuals included 17 individuals were 
recruited with the contralateral pattern, 16 with the ipsilateral pattern, and 16 with 
the bilateral pattern. Of all the participants, 30 uCP children had periventricular leu-
komalacia, and nine had cortical-subcortical lesions. The participants performed 10 
grip exercises on the non-paralyzed side of the cylindrical transducer. Motor overflow 
was measured in the paralyzed hand opposite to the moving side. Hand movements 
were performed bilaterally. The results indicated that motor overflow appeared more 
frequently on the paralyzed side of children with uCP and an ipsilateral pattern than 
in those with a contralateral pattern. These results suggest that the primary motor 
cortex contralateral to the working hand activates the ipsilateral corticospinal tracts 
innervating the nonworking hand, indicating that unilateral finger movements in 
children are executed or maintained through bilateral cerebral cortex mobilization. 
Therefore, it is highly likely that motor overflow appears due to bilateral cerebral 
hemispheric mobilization in children because their motor systems remain underde-
veloped. It suggests that interhemispheric inhibition emerges with the development 
of the motor system.

3.3 Central nervous disorders and motor overflow

In central nervous system diseases, motor overflow is believed to be an indica-
tor of the recovery process in patients following stroke [39]. In 1998, Nelles et al. 
examined the association between motor disability severity and motor overflow after 
stroke in 23 stroke patients and nine healthy elderly individuals [39]. The participants 
performed a series of exercises in which they held a grip-type dynamometer strongly 
and rapidly for 10 s. All participants performed this exercise on both the left and 
right sides, and motor overflow was measured on the nonmoving side. The results 
showed that motor overflow on the non-paralyzed side of the left hemiplegic patients 
was significantly greater than that on the paralyzed side in the healthy elderly group. 
Therefore, this study suggests that motor overflow, which occurs in healthy elderly 
individuals, may be enhanced after stroke. In addition, it has been suggested that 
motor overflow may be a clinical indicator of the recovery process of motor function 
after stroke. In addition, a correlation between motor overflow occurring on the non-
operating side and muscle activity on the operating side has been reported for unilat-
eral upper limb movements after stroke [40]; in this study, EMG was used to assess 
motor overflow in 60 patients with stroke. The participants performed unilateral 
elbow flexion exercises for 5 seconds on both sides. EMG was performed on the biceps 
brachii bilaterally, and a reference electrode was placed on the left humeral lateral 
epicondyle. In addition, the participants underwent Fugl-Meyer assessment (FMA) 
for the assessment of proximal and distal upper and lower limb motor function. The 
results showed that motor overflow occurred significantly on the non-paralyzed side 
when the motor task was performed on the paralyzed side, as shown in Figure 2. The 
FMA results also showed that motor overflow in the biceps brachii not only negatively 
correlated with motor function in the proximal upper limb but also with motor 
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function in the distal upper limb or lower limb. Thus, the results of this study suggest 
that the proximal muscles of the upper limbs can be used to measure motor overflow 
and largely reflect interhemispheric interactions.

The developmental mechanisms by which motor overflow occurs after stroke and 
whether cortical or subcortical triggers are responsible were examined in a study of 
53 patients with stroke and 14 healthy elderly individuals [41]. In this study, partici-
pants performed 40 exercise trials in which each of the 10 fingers was flexed with 
four patterns of force: 20, 40, 60, and 80% MVC. Measurements were performed 
at 2, 4, 12, 24, and 52 weeks after stroke onset. In this study, motor overflow was 
defined as the difference between the force generated by the nonmoving and resting 
finger forces. Brain activity during motor tasks was measured using fMRI. The results 
showed that the pattern of motor overflow in stroke survivors was similar to that in 
healthy elderly individuals and was enhanced. Therefore, this study indicated that 
motor overflow may occur because of increased activity in the ciliary spinal system 
after stroke. This suggests that motor overflow is induced subcortically after stroke. In 
conclusion, motor overflow after stroke is often observed on the non-paralyzed side 
when the paralyzed upper limb is moved, suggesting that motor overflow occurring 
in the elderly may be amplified. Recent studies have also highlighted that poststroke 
manifestations are of subcortical origin, which could help elucidate the recovery 
mechanisms of motor function after stroke.

4. Bimanual coordinated movement

Fingers are a body part responsible for essential movements in daily life that 
require highly coordinated movements. It has been shown that motor control 
by interhemispheric inhibition is involved in the execution of hand movements 
[4]. Furthermore, it has been reported that, during the preparatory phase, hand 

Figure 2. 
Comparison between OF′AEMG and OF′RMS of bilateral biceps brachii during a unilateral contraction 
task [40]. AEMG represents the mean amplitude of the electromyography waveform. OF’AEMG indicates 
the overflow rate calculated by dividing the AEMG value of the nonoperating side by the AEMG value of the 
operating side. RMS is the root mean square. OF’RMS indicates the overflow rate calculated by dividing the RMS 
value of the nonoperating side by the RMS value of the operating side. On the vertical axis, OF indicates the 
overflow rate. On the horizontal axis, UCU represents the group performing the behavioral task on the non-
paralyzed side, and UCA is the group performing the behavioral task on the paralyzed side. When the motor task 
was performed on the paralyzed side (UCA), motor overflow significantly increased on the non-paralyzed side.
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movements in the elderly are more dependent on the premotor cortex than those in 
the adults [42]. In addition, a study examining interhemispheric inhibition in the 
elderly showed that the quality of finger movement performance was lower than that 
in adults with bilateral primary motor areas activated, while premotor areas tended 
to be inactive [43]. As discussed in Section 2, modulating brain activity by applying 
TMS to the hand regions of the primary motor cortex is commonly used to assess 
interhemispheric inhibition. However, it has recently been reported that the hotspot 
of TMS in the hand region of the primary motor cortex is different from the fMRI 
activation area generated during finger-tapping movements [44]. Figure 3 shows 
that the TMS hotspot assigned to the hand region differed from the activation area 
corresponding to the premotor cortex measured using fMRI during hand-tapping 
exercises. Hence, finger movements may be the best way to induce interhemispheric 
inhibition. In other words, hand-tapping exercise may be optimal for inducing 
and evaluating interhemispheric inhibition. Thus, the optimal evaluation method 
for interhemispheric inhibition is still in the process of establishment, and future 
research is expected. This section reviews the current methods used for assessing 
hand-tapping movements that reflect interhemispheric inhibition.

4.1 Measurement of bimanual coordinated movements

Recently, magnetic sensor finger-tapping devices have gained attention as a new 
method for measuring bimanual coordinated movements (Figure 4) [45]. These 
devices consist of a magnetic induction coil, sensing coil, and circuit unit [46]. To 
obtain measurements, a coil voltage is induced between the two coils based on the 

Figure 3. 
Functional magnetic resonance imaging (fMRI) activation of premotor cortex and localization by transcranial 
magnetic stimulation (TMS) hotspots [44]. (a) red ellipses represent mean Montreal neurological institute (MNI) 
coordinates (± standard deviation [SD]) of the fMRI activation peak voxels. Green ellipses represent mean MNI 
coordinates (± SD) of the TMS hotspots. All coordinates are located in the left hemisphere, (b) individual locations 
are projected onto the three-dimensional brain template, and (c) scatterplot showing individual locations. It can be 
seen that the TMS hotspot differs from the fMRI activation area in the premotor cortex.
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Figure 5. 
Movement tasks using a magnetic sensor finger-tapping device [45]. (1) unilateral finger-tapping task performed 
with the nondominant hand, (2) unilateral finger-tapping task performed with the dominant hand, (3) In-phase 
task with simultaneous bilateral finger tapping, and (4) antiphase task with alternating bilateral finger tapping.

law of electromagnetic induction. The induced voltage has a nonlinear modeling 
relationship with the distance between the coils; therefore, the distance between 
the fingertip and attached coil can be estimated based on the voltage [47]. The 
finger movement tasks using the magnetic sensor finger-tapping device include a 
unilateral finger-tapping task (left and right), an in-phase task in which both fingers 
are tapped simultaneously, and an antiphase task in which both fingers are tapped 
alternately (Figure 5) [45]. From the above four types of finger-tapping tasks, 44 
measurement parameters can be extracted using a measuring instrument [48]. 
The 44 measurement parameters can be classified into five categories (Table 1): 

Figure 4. 
Magnetic sensor finger-tapping device (UB-2, Maxell Ltd. Tokyo, Japan) [45]. A yellow cable is attached to the 
left thumb and index finger and a red cable to the right thumb and index finger. Magnetic sensors are attached to 
each fingertip, and the waveform of finger tapping can be determined using a personal computer.
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Distance No. 1 Max of distance amplitude

No. 2 Total traveling distance

No. 3 Avg. of local max. distance

No. 4 SD of local max. distance

No. 5 Slope of approximate line of local max. points

No. 6 CV of local max. distance

No. 7 SD of local max. distance in three adjacent taps

Velocity No. 8 Max. of velocity amplitude

No. 9 Avg. of local max. velocity

No. 10 Avg. of local min. velocity

No. 11 SD of local max. velocity

No. 12 SD of local min. velocity

No. 13 Energy balance

No. 14 Total energy

No. 15 CV of local max. velocity

No. 16 CV of local min. velocity

No. 17 Number of freezing calculated from velocity

No. 18 Avg. of distance rate of velocity peak in extending movement

No. 19 Avg. of distance rate of velocity peak in flexing movement

No. 20 Ratio of distance rates of velocity peak in extending and flexing movements

No. 21 SD of distance rate of velocity peak in extending movement

No. 22 SD of distance rate of velocity peak in flexing movement

Acceleration No. 23 Max of acceleration amplitude

No. 24 Avg. of local max. acceleration in extending movement

No. 25 Avg. of local min. acceleration in extending movement

No. 26 Avg. of local max. acceleration in flexing movement

No. 27 Avg. of local min. acceleration in flexing movement

No. 28 Avg. of contact duration

No. 29 SD of contact duration

No. 30 CV of contact duration

No. 31 Number of zero crossover points of acceleration

No. 32 Number of freezing calculated from acceleration

Taping interval No. 33 Number of taps

No. 34 Avg. of intervals

No. 35 Frequency of taps

No. 36 SD of inter-tapping interval

No. 37 CV of inter-tapping interval

No. 38 Inter-tapping interval variability

No. 39 Skewness of inter-tapping interval distribution

No. 40 SD of inter-tapping interval in three adjacent taps
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(1) distance, to evaluate the distance and magnitude of hand movements (n = 7), (2) 
velocity, to evaluate the velocity of hand movements and the speed of hand flexion/
extension movements (n = 15), (3) acceleration, to evaluate the momentum of hand 
movements and the differences between hand flexion and extension movements 
(n = 10), (4) tap interval, to evaluate the average speed of hand movements and 
variations in tapping (n = 8), and (5) phase difference, to evaluate the difference in 
timing of tapping between the two hands (n = 4). Many recent studies using mag-
netic sensor finger-tapping devices have been performed on elderly people and chil-
dren. However, of the 44 parameters measured, those that differed significantly in 
interhemispheric inhibition varied widely from study to study. Table 2 presents the 
conditions of the hand-tapping task, measured parameters, individuals compared 
with the measured parameters, method of comparison, and parameters for which 
significant differences were found and reported in the studies from the PubMed 
database [45, 49–54], in which elderly individuals and children were the participants 
and a magnetic sensor-type finger-tapping device was used. Future studies identify-
ing at least one promising measurement parameter from the aforementioned 44 
parameters for evaluating interhemispheric inhibition using the magnetic sensor 
finger-tapping device are warranted.

4.2 Bimanual coordinated movements and aging

Bimanual coordinated movements are controlled by interhemispheric inhibition, 
and many studies have reported the effects of age-related changes on these move-
ments. In particular, improved finger movement ability leads to improved activities of 
daily living in older adults with dementia [55], and studies investigating the relation-
ship between bimanual coordination movements and cognitive function have gained 
attention in recent years. Several studies have compared individuals with Alzheimer’s 
disease (AD) or mild cognitive impairment (MCI) with healthy elderly individuals 
[49, 50, 54]. In one such study, Suzumura et al. compared and verified the motion 
characteristics of bimanual coordinated movement in 173 MCI patients and 173 
healthy elderly subjects using a magnetic sensor finger-tapping device [54]. In this 
study, four tasks comprise the motor tasks: unilateral finger tapping, in-phase, and 
antiphase (Figure 5). In the flow of the study, each task was practiced for 5 seconds as 
a pre-practice. The subject performed only one pre-practice and was instructed to “go 
as fast as possible.” After that, only one 15-second measurement was performed. The 
outcome was 44 measurement parameters (Table 1) that indicate the kinematic char-
acteristics of bimanual coordinated movement. The results showed that MCI patients 
had a significantly higher number of hand freezes calculated from acceleration than 

Phase difference 
between the left 
hand and right 
hand tapping

No. 41 Avg. of phase difference between the left hand and right hand tapping

No. 42 Standard deviation of phase difference between the left hand and right hand 
tapping

No. 43 Similarity of hands

No. 44 Time lag of similarity of hands

Abbreviations: Max: maximum; Min: minimum; Ave: average; SD: standard deviation; and CV: coefficient of 
variation.

Table 1. 
Forty-four measurement parameters were obtained from four different finger-tapping tasks [48].
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healthy elderly subjects. This study excluded subjects with tremors or Parkinsonian 
symptoms. Thus, since atrophy of the corpus callosum seems to be an early change 
in dementia, it is suggested that MCI patients show decreased in movements requir-
ing bimanual coordination and rhythm-related parameters. Whereas, Sugioka et al. 
reported a relationship between atrophy of the medial temporal region of the brain 
and finger-tapping movements [53]; medial temporal atrophy was assessed using a 
voxel-based specific region analysis system, which is a well-known early diagnostic 
tool for AD. The results showed a significant correlation between the standard 
deviation of the distance rate of the velocity peak in extending movements in the left 
hand during a nondominant hand task, as well as the in-phase task and the degree of 
medial temporal atrophy. Therefore, the standard deviation of the distance rate of 
the velocity peak in extending movements from finger-tapping movements may be a 
useful parameter for the early detection of AD and for grading its severity.

In addition, bimanual coordinated finger movements in the elderly have been 
evaluated not only as a measure of interhemispheric inhibition but also as an initial 
treatment for MCI and for training to improve hand dexterity [56, 57]. Naito et al. 
performed a study on 48 right-handed elderly individuals (65–78 years) with biman-
ual finger training or right-hand training for 2 months [57]. In this study, interhemi-
spheric inhibition was assessed through fMRI acquired pre-and post-training. The 
results revealed that individuals who underwent bimanual finger movement training 
exhibited improved hand dexterity, which correlated with reduced ipsilateral motor 
cortical activity. Therefore, bimanually coordinated hand movements appear to acti-
vate interhemispheric inhibition and could be used in training paradigms to improve 
hand dexterity in the elderly.

5. Conclusion

This chapter reviews conventional assessment methods and recently developed 
assessment indices for interhemispheric inhibition with respect to motor control. 
Interhemispheric inhibition is one of the most important assessment indices in 
physical therapy as it reflects the decline in motor ability associated with age-related 
alterations and is involved in the mechanisms of motor function recovery in central 
nervous system disorders. Conventional methods for assessing interhemispheric inhi-
bition have used fMRI and EEG to visualize brain activity during finger movement 
tasks or during brain activity modulation using TMS. Motor overflow and bimanual 
coordinated movements have recently gained attention as new indices for evaluat-
ing interhemispheric inhibition. In particular, a magnetic sensor tapping device can 
measure bimanual coordinated movements and evaluate interhemispheric inhibition 
in a wide range of age groups from children to the elderly. However, there is a need 
to establish further evidence to support the widespread use of bimanual coordinated 
movements to assess interhemispheric inhibition in clinical practice. The use of 
bimanual coordinated movements to assess interhemispheric inhibition in individuals 
could facilitate our understanding of the pathophysiology of motor control.
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Appendices and nomenclature

TMS transcranial magnetic stimulation
EMG electromyographic
fMRI functional magnetic resonance imaging
MVC maximum voluntary contraction
BOLD blood oxygenation level-dependent
EEG electroencephalogram
uCP unilateral cerebral palsy
FMA Fugl-Meyer assessment
AD Alzheimer’s disease
MCI mild cognitive impairment
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Chapter 5

Transcranial Magnetic Stimulation 
as Neuroplasticity Modulation Tool 
in Rehabilitation
Marziyya Mammadova

Abstract

Since the study of the neuroplastic processes of the brain, it was understood 
that these processes could be modulated and used in the neurorehabilitation of 
patients with brain damage. The optimal method of neuromodulation of plasticity 
is noninvasive transcranial magnetic stimulation (TMS), which can also be used to 
induce nerve impulses in the parameters we need. This technique allows for mea-
suring the functional state of the central nervous system (CNS) using neurophysi-
ological methods, measuring the effectiveness of rehabilitation, and predicting the 
restoration of lost functions. We measured the effectiveness of TMS in modulating 
neuroplasticity using clinical-neurophysiological data and scores of rating scales in 
rehabilitation. The main studies were provided on the rehabilitation of stroke, but 
these data can be used in the rehabilitation of other brain injuries.

Keywords: transcranial magnetic stimulation (TMS), multilevel magnetic stimulation, 
neuroplasticity modulation, reorganization of the human brain, rehabilitation

1. Introduction

Rehabilitation in the broadest sense of this concept is a set of general measures 
aimed at returning to life, returning lost functions, improving damaged functions, 
adapting to lost functions as much as possible, modifying life to improve the quality 
of life, and reintegration into society.

As you can see, a small and short-term damage may be just sufficient to disrupt the 
functioning of the brain, and years and quite a lot of work can be spent on recovery.

Rehabilitation methods are increasing with the progress and growth of the world 
economy, along with a deep study of the brain and its untapped potential. If earlier 
rehabilitation used only methods for recovery only in specialized institutions and 
the approaches were standard, now the approaches have become individualized and 
rehabilitation activities continue at the patient’s home, robotics and telemedicine are 
used, and ideas from science fiction films are being implemented, for example, using 
a medical avatar for rehabilitation [1].

It is not for nothing that the World Health Organization (WHO) developed the 
Rehabilitation 2030 initiative, which aims to draw attention to the acute unmet need 
for rehabilitation worldwide and highlights the importance of strengthening health 
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systems to ensure rehabilitation [2]. This document emphasizes that rehabilitation 
must be made accessible to all members of society throughout life, and that rehabilita-
tion is a critical component of health care and plays a critical role in ensuring compre-
hensive health coverage.

2. The role of TMS in brain neuroplasticity

Transcranial magnetic stimulation (TMS) is a noninvasive method of stimulating 
nerve cells in the brain by applying a pulsed magnetic field to the skull. Now, despite 
the name transcranial, TMS is also used to stimulate the spinal cord. By influencing 
brain activity, TMS can influence neuroplasticity, which is the ability of the brain to 
modulate its structure and function in response to experience and learning.

With the help of TMS, it is possible to induce an increase in the activity of neu-
rons, which can increase the activity of certain areas of the brain, contribute to their 
strengthening to improve the functions associated with these areas, and stimulate 
neurogenesis. This property is widely used to enhance the activity of motor cortical 
areas in the rehabilitation of stroke patients. TMS can affect the balance between 
excitation and inhibition in the brain, it can increase or decrease synaptic connections 
depending on stimulation parameters, and this property is used as a treatment for 
some mental disorders such as depression.

With all this, the TMS method is very convenient for both studying neuroplasti-
city and modulating neuroplasticity for therapeutic purposes, and TMS equipment is 
constantly being updated and improved.

Studies show that TMS may have an effect on the stimulation of neurogenesis, 
which is the formation of new neurons in certain areas of the brain [3, 4].  
The effects of TMS may depend on the intensity of the magnetic field, the fre-
quency of stimulation, the duration and frequency of repetition of stimulations, 
as well as the specific characteristics of brain tissues and their response to stimula-
tion. Thus, it has been shown that high-frequency TMS causes a stimulating effect, 
and low-frequency TMS, on the contrary, has an inhibitory effect on neuronal 
connections.

3. How does TMS work?

The TMS method is based on the impact of pulsed magnetic field (MF) using 
an electromagnetic coil on the brain and the subsequent induction of an electric 
current in it. The stimulating coil can be located either directly on the scalp or at 
some distance from the head (for example, at a different angle), depending on 
which it changes the zone and depth of propagation of the magnetic pulse (MP) 
and the focus of the stimulus. In modern devices, a magnetic pulse can propagate to 
a depth of more than 2–6 cm, that is, mainly to the cortical and subcortical struc-
tures. An electric current arises in the nerve fibers entering this MP, which leads to 
depolarization of neurons in the cerebral cortex, and the subsequent propagation 
of the impulse along nerve structures that are functionally dependent on the area 
of influence. In this case, either suppression or enhancement of the activity of a 
number of enzyme and mediator systems occurs. In response to stimulation of 
the visual cortex, phosphenes appear, and in the motor cortex, movement of the 
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corresponding limbs (according to Penfield’s motor “homunculus”), i.e., motor-
evoked potential (MEP), takes place.

The effect of TMS on increasing neuronal activity occurs by using magnetic 
fields to induce electrical currents in the brain, which can excite neurons and help 
increase their activity. The TMS process can be broken down into the following steps 
(see Figure 1) [5].

Researchers offer several TMS methods to study brain function (see Figure 2).
The effects of TMS may depend on various parameters, such as the intensity of 

the magnetic field, the frequency of stimulation, the duration and repetition rate 
of stimulation, as well as the specific characteristics of brain tissue and its response 
to stimulation. Single-pulse TMS involves the delivery of single magnetic pulses to 
a specific area of the brain; this technique is used to diagnose and study brain reac-
tions. Electroencephalography (EEG) and electromyography (EMG) can record 
TMS-evoked potentials (TEPs), which provide insight into cortical reactivity [5]. 
Paired-Pulse TMS are applied one after the next to assess connectivity between 
cortical areas. The type of effect depends on their intensity and the interval between 
them. Triple-Pulse combines TMS with electrical stimulation to study the integrity 
of the corticospinal tract and measures the percentage of excited fibers. Quadripulse 
is a unique form of repetitive TMS (rTMS) that allows inducing neuroplasticity with 
short pulse intervals (facilitation) or long ones (depression). Repetitive TMS—A 
series of pulses are used for prolonged exposure to the cortex. Low-frequency rTMS 
(≤1 Hz) suppresses cortical activity, while high-frequency rTMS (>1 Hz) increases 
it and may cause long-term changes. Navigated transcranial magnetic stimulation 
(nTMS) is designed to map the corresponding stimulated projection areas when TMS 
is applied to the cerebral cortex [6]. Unlike the alternative to traditional methods, 
repetitive TMS (rTMS), theta burst stimulation (TBS) has the advantage of faster 
stimulation. Intermittent TBS (iTBS) has excitatory effects similar to long-term 

Figure 1. 
The steps of TMS’s influence processes.
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potentiation (LTP), whereas continuous TBS (cTBS) has inhibitory effects similar to 
long-term depression (LTD) [7].

Transcranial magnetic stimulation can have both short-term and long-term effects 
on neuronal activity and its use can be employed for therapeutic purposes, in addi-
tion, it has local and long-term effects (see Figure 3).

Neuroimaging studies have shown that TMS is biologically active both in tissues 
directly under the coil and in distant areas, probably due to transsynaptic connec-
tions. Local changes in brain activity include the appearance of phosphenes and 
motor effects that occur during TMS as a result of depolarization of neuron mem-
branes in the area of stimulus propagation and the subsequent appearance of an 
electrical impulse in the cortical axon neurons. Moreover, depending on the param-
eters of the impulse delivery, stimulation of one hemisphere can inhibit or facilitate 
the response received from the other hemisphere, which indicates interhemispheric 
modulatory effects, reflecting the effect of TMS on brain structures remote from the 
stimulation zone [9]. An example of such an effect is TMS with paired pulses. So, 
the motor-evoked potential in response to a TMS pulse preceded by a subthreshold 
“preparing” pulse is weakened when the interstimulus interval is 1 to 4 millisec-
onds, and strengthened when the interstimulus interval is 1 to 4 milliseconds, but 
when this interval is between 5 and 30 milliseconds, it reflects intracortical inhibi-
tion or facilitation of conduction, respectively [10]. Based on pharmacological 

Figure 2. 
Transcranial magnetic stimulation methods.
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effects, it has been shown that activation or inhibition at GABAergic (GABA, 
gamma-aminobutyric acid) or dopaminergic synapses causes an intracortical 
inhibitory effect of paired impulses, while the facilitating effect of paired pulses 
takes place due to excitation in synapses, the mediator of which is N-methyl-D-
aspartate, and changes in the motor threshold depend on the conductivity of ion 
channels. The identified patterns open up new opportunities for studying local 
damage in neurochemical systems [11].

A number of studies show that during TMS, changes in blood flow occur not 
only in the zone of impulse propagation but also in brain structures remote from the 
stimulation zone [10, 12]. Thus, it was shown, for example, that the intensity of rTMS 
positively correlated with the level of regional cerebral blood flow in the anterior 
cingulate cortex ipsilaterally, cerebellum, insula contralaterally, primary auditory 
cortex, and somatosensory cortex (facial projection). According to some authors, 
rTMS of the left dorsolateral prefrontal cortex (DLPFC) causes changes in blood 
flow in both the prefrontal cortex and paralimbic structures [13]. According to other 
authors, exactly the same effect was demonstrated with rTMS of the prefrontal cortex 
in the blood flow of limbic structures [14]. In human studies, Szuba et al., in subjects 
with major depression in response to a single session of rTMS of the left DLPFC 
with a frequency of 10 Hz, compared with sessions of sham rTMS at the same site of 
action, at the same pulse frequency and session duration, observed an increase in the 
production of thyroid-stimulating hormone (TSH) [15]. Activation of hypothalamic-
pituitary system with this method is similar to the relief of symptoms of depression 
after a session of electric shock. Finally, normalization of the dexamethasone sup-
pression test with rTMS has been reported [16].

The effect of reducing the excitability of the human brain with low-frequency 
rTMS is used as therapy for phantom pain in paralyzed patients, as well as for ampu-
tations, for inhibition and reorganization of the motor representation of a non-
functioning limb. One study showed the inhibitory effects of repetitive transcranial 

Figure 3. 
The effects of TMS directly on the distribution zone and on brain structures remote from the impact zone [8].
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magnetic stimulation (rTMS) on the primary motor cortex (M1) and premotor cortex 
(PMC) using low-frequency rTMS (0.2–1 Hz) 1200 pulses (20 min) rTMS at 1 Hz and 
intensity 80-90% of the resting motor threshold and measures of short intracortical 
inhibition (SICI), intracortical facilitation (ICF) and cortical silent period (CSP), 
where SICI is a measure of inhibition reflecting intracortical activation of gamma-
aminobutyric acid-A receptors ( GABA A), ICF is a measure of facilitation, which 
is mediated by N-methyl-D-aspartate (NMDA) and GABA A receptors, and CSP is 
a measure of inhibition, reflecting processes mediated by GABA B. This ability to 
non-invasively induce an inhibitory effect on a specific brain region allows the use 
of low-frequency rTMS as a therapeutic tool for patients with neurological disorders 
accompanied by low or excessive cortical inhibition [17].

4. TMS in rehabilitation

Transcranial magnetic stimulation (TMS) has many applications in the field of 
rehabilitation.

Recovery after a stroke: After a stroke, many patients experience impaired motor 
and speech functions. TMS can be used to stimulate the brain and promote functional 
recovery, improving motor skills, coordination, and speech. This helps patients to 
improve their independence and quality of life. The mechanism of therapeutic action 
of TMS is based on the restoration of destroyed or creation of new functional systems 
within the damaged hemisphere, inclusion in the implementation of motor programs 
of unused neural networks of the damaged hemisphere, activation of uncrossed 
pyramidal pathways of the intact hemisphere, creation of collateral pathways 
around damaged structures, and inclusion in already functioning connections of 
the damaged hemisphere through crossed pathways. In other words, the method of 
high-intensity rhythmic TMS, being a powerful neuromodulatory factor, includes a 
mechanism of plastic reorganization of the motor cortex.

Transcranial magnetic stimulation acts directly on the initial segment of the cen-
tral motor neuron and transsynaptically within the cortex causing an outgoing volley 
of impulses affecting the spinal cord motoneurons with the subsequent appearance of 
a motor-evoked potential (MEP). During voluntary muscle contraction, TMS causes 
a motor-evoked potential (MEP) and after that—a temporary suppression of muscle 
potentials—a period of silence. The silent period arises mainly due to a synchronous 
volley of inhibitory postsynaptic potentials produced by an electromagnetic stimulus 
at the cortical level. These effects of TMS were decisive for the choice as an auxiliary 
method of rehabilitation of patients with ischemic stroke in the recovery period. 
Rhythmic TMS is a noninvasive, painless, and safe method for obtaining controlled 
activation of the human cortex with a potentiation effect. When stimulating the 
motor areas of the hemisphere with a pulsed magnetic field, not only contralateral but 
also ipsilateral descending pathways can be activated, since with TMS it is possible to 
focus the magnetic stimulus and influence the uncrossed pyramidal tract. The activat-
ing effect of TMS on the reticular formation and dopaminergic structures of the 
brain, which contributes to the activation of compensatory and restorative processes 
in the central nervous system, improvement in cognitive functions, restoration of 
praxis, and gnosis, has also been shown.

A group of European experts has revised recommendations on the therapeutic 
effectiveness of repetitive (or rhythmic) TMS (rTMS), previously published in 2014 
[18]. These updated recommendations take into account all rTMS publications, 
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including data up to 2014, as well as literature currently reviewed up to the end of 
2018. Level A evidence (definite effectiveness) was achieved for low-frequency 
rTMS (LF-rTMS) contralateral primary motor cerebral cortex (M1) to restore hand 
motor skills in the subacute stage of stroke. Level B evidence (probably effective) 
was achieved for: HF-rTMS of ipsilateral M1 to accelerate motor recovery in subacute 
stroke and LF-rTMS of the right inferior frontal gyrus in chronic motor aphasia after 
stroke. Level A/B evidence regarding the effectiveness of rTMS for any other condi-
tions has not been achieved. Current recommendations are based on the differences 
achieved in the therapeutic efficacy of real and sham (sham TMS) rTMS protocols, 
replicated in a sufficient number of independent studies. An extensive PubMed 
review identified 213 articles, including 25 original placebo/sham-controlled TMS 
studies with at least 10 poststroke patients receiving rTMS over multiple daily ses-
sions compared to the affected contra- and/or ipsilateral hemisphere. Among these 
studies, a number of studies dealt with limb motor rehabilitation in the subacute stage 
using low-frequency rTMS (LF-rTMS) with contralateral M1 and/or high-frequency 
rTMS (HF-rTMS) with ipsilateral M1. Some of them dealt with limb motor rehabili-
tation in the subacute stage with contralateral intermittent theta stimulation-theta 
burst stimulation (TBS) or ipsilateral intermittent theta burst stimulation (iTBS). 
Intermittent theta burst stimulation (iTBS) is a more acceptable protocol, adminis-
tered at lower intensities and shorter intervals, than conventional rTMS protocols. 
In addition, studies have been conducted on limb motor rehabilitation in the chronic 
stage, as well as low-frequency rTMS or iTBS of the cerebellum and restoration of 
swallowing function [19].

We used rTMS according to the method we developed in the rehabilitation 
program for patients after stroke, which included multilevel magnetic stimulation 
using a high-intensity pulsed magnetic field (2–2.2 T): Level I – rhythmic TMS of 
projections of the motor zones of the cortex of the affected hemisphere with a pulse 
intensity magnetic field of 70–90% of the maximum output of the stimulator, supply 
frequency stimulus 30–40 Hz, and pulse duration 0.1 ms; Level II – rhythmic TMS of 

Figure 4. 
Multilevel magnetic stimulation technique [20].
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segmental reflex zones (cervical and lumbar) with a pulsed magnetic field intensity 
of 40–60% of the maximum output of the stimulator, supply frequency stimulus 
40–50 Hz, and pulse duration 0.1 ms; Level III – rhythmic TMS of the peripheral neu-
romotor apparatus with a pulse intensity magnetic field of 70–100% of the maximum 
output of the stimulator, supply frequency stimulus 30–40 Hz, and pulse duration 
0.1 ms (see Figure 4). The duration of the procedure was 20–25 min (10 procedures 
per course).

The use of therapeutic techniques of transcranial and multilevel magnetic 
stimulation in poststroke patients helps to improve the clinical course of the disease 
and reduce the degree of cognitive impairment—impairment of memory, attention, 
orientation, speech, reading, reducing maladaptation and thereby helping to increase 
the level of daily household activity and improve motor functions. Our results allow 
us to conclude that the effect of transcranial and multilevel magnetic stimulation on 
brain structures responsible for the cognitive sphere occurs at all stages of recovery 
after stroke, apparently even residual. Multilevel rhythmic magnetic stimulation is a 
pathogenetically justified and therapeutically effective method of rehabilitation of 
poststroke patients, which, acting noninvasively on all levels of the neuromotor appa-
ratus (central, segmental, and peripheral), stimulates afferent and efferent impulses, 
causes plastic reorganization of the projections of motor zones of paretic limbs in the 
cortex and, due to a multilevel effect on the activation of fine and gross motor skills, 
accelerates the restoration of cognitive functions [20].

Transcranial magnetic stimulation can help restore damaged neural connections 
and improve cognitive function, memory, attention, and learning after traumatic 
brain injury.

For Parkinson’s disease, TMS may help reduce symptoms of movement disorders, 
and muscle stiffness, and improve motor control.

In the rehabilitation of patients with Alzheimer‘s disease, TMS can be used to 
improve cognitive function and slow down the progression of the disease.

For musculoskeletal disorders, paralysis, and spasticity, to relieve pain and speed 
up the process of physical recovery after surgery or injury, TMS helps to strengthen 
muscles and improve motor skills, reduce pain and inflammation, and helps to speed 
up the process of physical and tissue recovery.

The results of a systematic review identified the potential benefits of the com-
bined use of virtual reality (VR) and noninvasive brain stimulation (NIBS) as a new 
approach to rehabilitation. Most of the studies reviewed in five pathologies: stroke, 
neuropathic pain, cerebral palsy, phobia, posttraumatic stress disorder, and multiple 
sclerosis rehabilitation reported positive effects from the use of VR-NIBS, but studies 
are ongoing [21].

The use of TMS in rehabilitation requires a privatized approach and supervision 
by qualified neurologists, physiotherapists, and occupational therapists, who must 
develop treatment plans and adjust stimulation parameters according to the needs of 
each patient. TMS continues to develop as a noninvasive, effective method of rehabili-
tation and provides the prerequisites for improving the quality of life of patients.
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Chapter 6

Somatosensory Stimulation 
(Acupuncture) Modulates Spinal 
and Supraspinal Motor Neuron 
Excitability
Akira Nihonmatsu

Abstract

It has been reported that acupuncture is effective in alleviating abnormalities of 
muscle tone caused by abnormal motor neuron excitability such as spastic paralysis 
caused by cerebrovascular disorder. However, the underlying mechanism is unclear. 
Thus, we examined the effect of acupuncture stimulation on long-latency reflexes 
(LLR) to determine the site of action of acupuncture stimulation in modulating motor 
reflexes. The amplitude ratio of LLR/M was reduced by the acupuncture stimulation 
of LI4 (hand). Furthermore, we examined the effect of acupuncture stimulation on 
blink reflexes. The R2 component of blink reflexes was decreased by the acupuncture 
stimulation of LI4 (hand). LLR is the motor reflex of the central nervous system via 
such as cerebral cortex of supraspinal pathways. In addition, blink reflexes are the 
motor reflex of the central nervous system via such as brain stem. These findings 
suggest that acupuncture stimulation inhibits motor nerve reflexes via supraspinal 
modulation systems. Furthermore, we examined the effect of acupuncture stimula-
tion on electromyogram F-wave to determine the effect of acupuncture stimulation 
on the excitability of spinal motor neurons. The result of this study indicated that 
acupuncture stimulation may have a greater effect on the excitability of spinal motor 
neurons.

Keywords: acupuncture stimulation, Li4 acupuncture point, long-latency reflex,  
blink reflex, F-wave

1. Introduction

It has been reported that acupuncture is effective in alleviating abnormalities of 
muscle tone caused by abnormal motor neuron excitability such as spastic paralysis 
caused by cerebrovascular disorder and rigidity in Parkinson’s disease [1, 2]. These 
reports that acupuncture stimulation suppresses motor nerve excitability and may 
alleviate abnormalities in muscle tone. However, the underlying mechanism is 
unclear. The next section introduces our research on motor reflexes via the cerebral 
cortex, brainstem, and spinal cord through acupuncture stimulation.
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2. Effect of acupuncture stimulation on the long-latency reflex

2.1 Background and purpose

Many reports have shown the effects of acupuncture stimulation on motor reflexes 
via the motor cortex using motor-evoked potentials (MEP) [3–7]. There are reports 
that acupuncture stimulation of the upper and lower limbs suppresses MEPs in the 
muscles of the upper limbs and reports that MEPs are stimulated, but this has not 
been determined [3–7]. In this study, we investigated the effects of acupuncture 
stimulation on long-latency reflexes (LLR), which are motor reflexes that pass 
through the cerebral cortex.

2.2 Materials and methods

2.2.1 Participants

Sixteen healthy volunteers (mean – standard deviation [SD]:28.9–6.6 years; 10 
males and 6 females) with no known neurological dysfunction, and stable appearance 
of LLR agree to participate in this study. Written informed consent was obtained from 
all subjects. This study was approved by the Research Ethics Committee at Hokkaido 
College of Oriental Medicine.

2.2.2 Study design

This study applied the crossover protocol; therefore, each experiment was 
randomly needled on separate days. The experiments were performed under two 
conditions: (1) acupuncture stimulation of right LI4, (2) control (no acupuncture 
stimulation). To prevent a carryover effect, more than 1 week intervals between each 
acupuncture stimulation were maintained.

2.2.3 Apparatus and condition for the LLR recording

Prior to the experiment, the maximum amount of contraction due to the opposite 
movement of the thumb and middle finger on the measurement side was measured 
using a load transducer (Showa Sokki load cell), and 20% of that force was main-
tained. During continuous muscle contraction in that state, electrical stimulation 
was performed, and LLR was measured. LLR were recorded and analyzed by using 
a Neuropack MEB 9204 recorder (Nihon Koden, Tokyo, Japan) with a band-pass 
filter of 5 Hz to 2 kHz. Thirty-two LLR waves, elicited by electric stimulation of the 
median nerve to the wrist, were recorded from the opponens pollicis muscle on the 
right hand of each subject in a resting sitting position. The stimulus intensity used 
to elicit LLR was more than the 120% that is required to elicit an M-wave response. 
The electrical stimulus rate and duration were 1 Hz and 0.2 milliseconds, respec-
tively. Electromyographic electrodes were attached firmly over the opponens pollicis 
muscle, With the anode positioned thumb phalanges. The ground electrode was 
placed between the stimulating and recording electrodes. The electrode impedance 
was below 5KΩ. The experiments were performed in a quiet room with a consistent 
temperature of 23–25°C.
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2.2.4 Data analysis for the LLR

Sample images of the LLR and M-wave are shown in Figure 1. The LLR was 
analyzed with respect to three parameters: occurrence, the LLR/M amplitude ratio, 
and the latency. The sensitivity was set at 5 mV/div for the M-wave and 0.5 mV/div 
for the LLR. The occurrence was defined as the number of detected LLR responses 
to 32 electrical stimuli and expressed as percentage (%). The LLR/M amplitude ratio 
was defined as the peak-to-peak amplitudes of LLR and M-waves were measured, 
and the amplitude ratio of LLR/M was expressed as the ratio of LLR amplitude and 
the maximal amplitude of M-wave. LLR latency was defined as the period from the 
stimulus to the LLR evocation.

2.2.5 Acupuncture stimulation

An acupuncturist applied a needle at the right LI 4 (radial to the midpoint of the 
second metacarpal bone) (Figure 2). Disposable stainless steel needles (diameter, 
0.18 mm; length, 40 mm; Seirin Co., Ltd. Shizuoka, Japan) were used. The depth of 
needle insertion was 10 mm, and the needle was at a right angle to the skin and was 
maintained in this position (needle retention) for 5 minutes. No manipulation was 
performed during needle retention.

Figure 2. 
Acupuncture stimulation site (LI4). An acupuncturist applied a needle at the right LI 4 (radial to the midpoint 
of the second metacarpal bone). Disposable stainless steel needles (diameter, 0.18 mm; length, 40 mm; Seirin Co., 
ltd. Shizuoka, Japan) were used. The depth of needle insertion was 10 mm, and the needle was at a right angle to 
the skin and was maintained in this position (needle retention) for 5 minutes. No manipulation was performed 
during needle retention.

Figure 1. 
Analysis of LLR. Median nerve stimulation resulted in well known two component reflex responses in the 
adductor pollicis muscle. The first component (SLR) is short latency (20–30 msec) responses. In contrast, the 
second component (LLR) is of longer latency (40–60 msec) responses (reprinted from [8]).
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2.2.6 Experimental setting

M-wave and LLR wave were measured before and after acupuncture (5-minute 
needle retention). M-wave and LLR wave in the control group were measured at the 
same timepoints acupuncture.

2.2.7 Statistical analysis

The data are reported as means ± standard deviation (mean ± S.D.). A Wilcoxon 
signed-rank test was used to compare occurrence, the LLR/M amplitude ratio, and the 
latency results after acupuncture and before acupuncture. For other statistical analyses, 
P values <0.05 were considered significant. Statistical analyses were performed using a 
commercially available statistical package (SPSS, Ver11.0.1, SPSS, Tokyo, Japan).

2.3 Results

2.3.1  Typical electromyogram waveform under before acupuncture stimulation and 
during acupuncture stimulation

Figure 3 illustrates a sample recording of the LLR wave from a typical subject. 
LLR wave decreased after acupuncture stimulation (right side), compared with those 
before acupuncture stimulation. No effect of acupuncture stimulation was observed 
on the M-wave.

2.3.2 Changes in LLR induced by acupuncture stimulation

The changes in LLR are shown in Table 1. The LLR occurrence was significantly 
reduced by acupuncture stimulation. There was no significant change in the control 
group. The LLR/M amplitude ratio was significantly reduced by acupuncture stimula-
tion. There was no significant change in the control group. The LLR latency was no 
significant change in either group.

Figure 3. 
Typical electromyogram waveform under resting condition (left side) and during acupuncture stimulation (right 
side). Typical electromyogram waveform under resting condition and during acupuncture stimulation. LLR was 
decreased during acupuncture stimulation (reprinted from [8]).
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2.4 Discussion

Sudden mechanical stretch of the wrist flexor muscles gives rise to EMG 
responses, including both short-latency and long-latency components [9]. Marsden 
et al. measured electromyograms of the flexor pollicis longus by abruptly extending 
the thumb. They reported that following a monosynaptic spinal cord reflex with a 
latency of 25 ms, long-latency reflexes of 55 ms could be measured [10]. In addition, 
Previous studies have shown that LLR is absent in patients with dorsal column injury 
[11] and patients with lesions in the corticospinal tract (motor area, internal cap-
sule) [12]. Therefore, LLR is considered to be expressed by a supraspinal mechanism 
such as the cerebrum. It has been shown that LLR is induced not only by mechanical 
stimulation but also by electrical stimulation. Previous studies have reported lacking 
LLR in hemiplegia, posterior spinal cord injury, and pontine hemorrhage [13–15]. 
Therefore, LLR induced by electrical stimulation is considered to be a reflex that 
occurs by descending the corticospinal tract via the spinal cord, sensory cortex, 
and motor cortex. In this study, LLR occurrence and LLR/M amplitude ratio were 
significantly reduced by acupuncture stimulation. In addition, we reported that 
acupuncture-induced changes in the LLR/M ratio were associated with changes in 
SEP N20 amplitude [8]. N20 of SEP is the potential induced when electrical stimula-
tion ascends the dorsal cord of the spinal cord and excites the somatosensory area of   
the cerebral cortex [16, 17]. In addition, there is evidence that the afferent pathway 
for the LLR to the cortex is identical to that for the somatosensory evoked corti-
cal potential (SEP) after median nerve stimulation [17]. Therefore, it is thought 
that changes in the excitability of the somatosensory area of   the cerebral cortex 
are involved in the suppression of LLR occurrence and LLR/M amplitude ratio by 
acupuncture stimulation. In addition, reflexes via the brainstem such as spino-
bulbo-spinal reflex and transcerebellar loop reflex are thought to be involved in LLR 
[18, 19]. It is also possible that acupuncture stimulation affected this mechanism. 
However, Previous studies have shown that brainstem-mediated reflexes have faster 
latencies than LLRs, and cerebellar-mediated reflexes have slower latencies than 
LLRs [18, 19]. In this study, no significant changes were observed in LLR latency. 
Therefore, it is thought that the decrease in LLR occurrence and LLR/M amplitude 
ratio due to acupuncture stimulation is due to an inhibitory mechanism via the 
cerebral cortex.

2.5 Conclusion

These findings suggest that acupuncture stimulation inhibits motor nerve reflexes 
via such cerebral cortex modulation systems.

Acupuncture Control

Before After Before After

LLR occurrence (%) 78.7 ± 18.9 62.2 ± 23.7** 87.8 ± 10.0 77.4 ± 11.8

LLR/M ratio (%) 1.95 ± 0.72 1.57 ± 0.72** 1.64 ± 0.32 1.70 ± 0.59

LLR latency (ms) 56.2 ± 3.4 57.6 ± 4.0 56.5 ± 2.3 59.1 ± 2.5

Mean ± SD. **: P < 0.01 Wilcoxon signed-rank test vs. before acupuncture.

Table 1. 
Changes in LLR induced by acupuncture stimulation.
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3. Effect of acupuncture stimulation on the blink reflex

3.1 Background and purpose

The blink reflex can be quantitatively measured from the magnitude of the 
reaction of the muscle action potential of the orbicularis oculi muscle induced when 
the supraorbital nerve, which is the first branch of the trigeminal nerve, is electri-
cally stimulated. The electromyogram associated with the blink reflex consists of 
two components called R1 and R2. R1 is a relatively stable early component that 
appears with a latency of 10 msec and appears only in stimulus measurements. R2 is 
a late component that appears bilaterally after R1. The R1 component is the potential 
where electrical stimulation to the supraorbital nerve alters neurons in the facial 
nucleus at the pons and leads to the orbicularis oculi muscle. Several studies have 
considered the R2 component of the blink reflex to be evoked through a polysynaptic 
pathway in the pons and the lateral part of the medulla [20, 21]. In fact, impulses 
of the R2 component travel along a longer pathway through the medulla up to the 
thalamus or cerebral cortex [20, 21]. Peripheral facial nerve palsy causes R1 and R2 
component suppression, and hemifacial spasm causes an increase in the R2 com-
ponent [20, 21]. Furthermore, it has been reported that the R2 component reflects 
the disappearance of Myerson’s sign upon administration of L-dopa in patients with 
Parkinson’s disease [22, 23]. Therefore, it is thought that not only the brainstem but 
also a wide range of central nervous systems, including are involved in the expres-
sion of the R2 component of the blink reflex. In this study, we investigated the 
effects of acupuncture stimulation on BR, which are motor reflexes that pass through 
the supraspinal modulation systems.

3.2 Materials and methods

3.2.1 Participants

Fifteen healthy volunteers (mean – standard deviation [SD]:30.3–6.2 years; 15 
males and 1 female) with no known neurological dysfunction and stable appearance 
of BR agree to participate in this study. Written informed consent was obtained from 
all subjects. This study was approved by the Research Ethics Committee at Hokkaido 
College of Oriental Medicine.

3.2.2 Study design

This study applied the crossover protocol; therefore, each experiment was 
randomly needled on separate days. The experiments were performed under two 
conditions: (1) acupuncture stimulation of right LI4 and (2) control (no acupuncture 
stimulation). To prevent a carryover effect, intervals of more than 1 week between 
each acupuncture stimulation were maintained.

3.2.3 Experimental setting

BR was measured before and after acupuncture (5-minute needle retention). BR in 
the control group was measured at the same timepoints acupuncture.
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3.2.4 Measurement of BR

BR was recorded and analyzed by using a Neuropack MEB 9204 recorder (Nihon 
Koden, Tokyo, Japan) with a band-pass filter of 5 Hz to 2 kHz. Five BR waves, elicited 
by electric stimulation of the supraorbital nerve, were recorded from the orbicularis 
oculi muscle of each subject. The stimulus intensity was twice the intensity the R2 
component responded to. The electrical stimulus rate and duration were 0.1 Hz and 
0.2 milliseconds, respectively. Electromyographic electrodes were attached firmly over 
the orbicularis oculi muscle, With the anode positioned lateral canthus. The ground 
electrode was placed forehead. The electrode impedance was below 10KΩ. The experi-
ments were performed in a quiet room with a consistent temperature of 23–25°C.

3.2.5 Data analysis for the BR

Analysis was performed on waveforms in which the blink reflex appeared stable 
(Figure 4). The obtained waveforms were analyzed with R1 as the waveform rising at 
the latency of 10 msec and R2 as the waveform rising at the latency of 30 msec.

3.2.5.1 R1 component

The R1 component was analyzed with respect to two parameters: the R1 latency 
and R1 amplitude. The R1 latency was defined as the time from the electrical stimula-
tion to the rise of the waveform that appeared around 10 msec was measured. The 
R1 amplitude ratio was defined as the peak-to-peak amplitudes of R1, An average of 
waveforms of 60 μV or more was obtained.

3.2.5.2 R2 component

The R1 component was analyzed with respect to three parameters: the R2 latency, 
R2 amplitude, and R2 duration. The R2 latency was defined as the time from the 

Figure 4. 
Analysis of BR. Analysis was performed on waveforms in which the appearance of the blink reflex was stable. 
The obtained waveforms were analyzed with R1 as the waveform rising at the latency of 10 msec and R2 as the 
waveform rising at the latency of 30 msec. Lat: Latency, amp: Amuplitude, dur: Duration.
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electrical stimulation to the rise of the waveform that appeared around 30 msec was 
measured. The average of 5 waveforms was obtained. The R2 amplitude ratio was 
defined as the peak-to-peak amplitudes of R2. The time from the first negative peak 
of the R2 waveform to the last negative peak of the waveform was measured.

3.2.5.3 Measurement of electrical stimulation pain assessment

The subjective magnitude of electrical stimulation pain was rated by visual analog 
scale (VAS). It was recorded as no pain at the left end (0 mm) and the maximum pain 
the participant experienced in the past at the right end (100 mm) on a linear scale of 
100 mm.

3.2.6 Acupuncture stimulation

An acupuncturist applied a needle at the right LI 4 (radial to the midpoint of the 
second metacarpal bone) (Figure 2). Disposable stainless steel needles (diameter, 
0.18 mm; length, 40 mm; Seirin Co., Ltd. Shizuoka, Japan) were used. The depth of 
needle insertion was 10 mm, and the needle was at a right angle to the skin and was 
maintained in this position (needle retention) for 5 minutes. No manipulation was 
performed during needle retention.

3.2.7 Statistical analysis

The data are reported as means ± standard deviation (mean ± S.D.). A Wilcoxon 
signed-rank test was used to compare BR results after acupuncture and before acu-
puncture. For other statistical analyses, P values <0.05 were considered significant. 
Statistical analyses were performed using a commercially available statistical package 
(SPSS, Ver11.0.1, SPSS, Tokyo, Japan).

3.3 Results

3.3.1  Typical electromyogram waveform under before acupuncture stimulation and 
during acupuncture stimulation

Figure 5 illustrates a sample recording of the BR from a typical subject. R2 
decreased after acupuncture stimulation (right side). There was no change in the R1 
component.

3.3.2 Changes in R1 component induced by acupuncture stimulation

The changes in the R1 component are shown in Table 2. The R1 latency and 
amplitude showed no significant change in both groups.

3.3.3 Changes in R2 component induced by acupuncture stimulation

The changes in the R2 component are shown in Table 2. Acupuncture stimulation 
depressed the latency, amplitude, and duration of the R2 component on both sides. 
There was no change in the control group.
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3.3.4 Changes in electrical stimulation pain induced by acupuncture stimulation

The changes in electrical stimulation pain are shown in Table 3. The electrical 
stimulation pain was no significant change in either group.

3.4 Discussion

The blink reflex can be quantitatively measured from the magnitude of the 
reaction of the muscle action potential of the orbicularis oculi muscle induced 
when the supraorbital nerve, which is the first branch of the trigeminal nerve, 

Figure 5. 
Typical electromyogram waveform under resting condition (left side) and during acupuncture stimulation (right 
side). R2 component decreased after acupuncture stimulation. There was no change in the R1 component.

Acupuncture Control

Before After Before After

Right R1 latency 
(ms)

10.3 ± 2.0 10.4 ± 1.7 10.3 ± 2.0 10.3 ± 2.0

Right R1 
amplitude (%)

281.5 ± 124.2 269.3 ± 106.5 259.5 ± 117.2 254.7 ± 106.5

Right R2 latency 
(ms)

34.8 ± 3.6 36.0 ± 2.8** 35.4 ± 7.2 36.9 ± 5.1

Right R2 
amplitude (%)

287.9 ± 198.5 225.9 ± 154.9** 312.4 ± 281.3 290.4 ± 242.1

Right R2 duration 
(ms)

28.2 ± 15.9 21.2 ± 10.5** 24.3 ± 9.3 22.3 ± 9.8

Left R2 latency 
(ms)

37.5 ± 6.7 39.0 ± 6.3** 35.7 ± 11.2 38.5 ± 8.5

Left R2 amplitude 
(%)

183.8 ± 120.5 152.1 ± 102.5** 219.9 ± 148.7 203.2 ± 136.8

Left R2 duration 
(ms)

25.9 ± 14.0 20.6 ± 6.9** 27.2 ± 7.9 26.0 ± 11.0

Mean ± SD. **: P < 0.01 Wilcoxon signed-rank test vs. before acupuncture.

Table 2. 
Changes in BR induced by acupuncture stimulation.
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is electrically stimulated. The electromyogram associated with the blink reflex 
consists of two components called R1 and R2. R1 is a relatively stable early 
component that appears with a latency of 10 msec and appears only in stimulus 
measurements. The R1 component is the potential where electrical stimulation 
to the supraorbital nerve alters neurons in the facial nucleus at the pons and leads to 
the orbicularis oculi muscle. Several studies have considered the R2 component of 
the blink reflex to be evoked through a polysynaptic pathway in the pons and the 
lateral part of the medulla [20, 21]. Peripheral facial nerve palsy causes R1 and R2 
component suppression; hemifacial spasm causes an increase in the R2 component 
[20, 21]. Thalamic hemorrhage and lesions in the sensory cortex have also been 
reported to cause R2 abnormalities [21]. Furthermore, it has been reported that the 
R2 component reflects the disappearance of Myerson’s sign upon administration 
of L-dopa in patients with Parkinson’s disease [22, 23]. Therefore, it is thought that 
not only the brainstem but also a wide range of central nervous systems including 
are involved in the expression of the R2 component of the blink reflex. No signifi-
cant changes were observed in the latency and amplitude of the R1 component 
in both control group and acupuncture group. Thus, our results show that the 
R1 component of the blink reflex was not changed by acupuncture stimulation, 
suggesting that acupuncture stimulation has no effect on the monosynaptic reflex 
of the brain stem. Acupuncture stimulation depressed the latency, amplitude, and 
duration of the R2 component on both sides. It is well known that acupuncture 
activates various groups of afferent fibers. Kagitani et al. demonstrated that 
manual acupuncture needle stimulation to the hind limbs activated the single-unit 
afferents belonging to the group I, II, III, and IV fibers in the spinal dorsal roots 
[24]. Acupuncture signals are conveyed by afferent fibers to the dorsal horn of the 
spinal cord. Then, they project to the thalamus via spinothalamic tract (STT) and 
spinoreticulothalamic tract (SRT). It has been shown to project to various regions 
such as the lateral reticular formation, central midbrain gray matter, basal ganglia, 
and sensory cortex [25, 26]. Willer JC et al. reported that electroacupuncture 
stimulation depresses the R2 component. In addition, they assumed the involve-
ment of endogenous morphine-like systems since the depression of R2 components 
by electroacupuncture was antagonized by naloxone administration [27]. This 
study found no effect of acupuncture on electrical pain. Therefore, we suggest that 
the depression of R2 components by acupuncture is not due to the suppression of 
pain caused by evoked electrical stimulation. Furthermore, it has been suggested 
that there is a longer pathway involving the cerebral cortex for the inhibition of R2 
components by acupuncture stimulation.

3.5 Conclusion

Acupuncture stimulation may inhibit R2 components via longer pathways involv-
ing the cerebral cortex.

Acupuncture Control

VAS (mm) 29.14 ± 26.33 26.71 ± 23.19

Table 3. 
Changes in electrical stimulation pain induced by acupuncture stimulation.
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4. Effect of acupuncture stimulation on excitability of spinal motor neurons

4.1 Background and purpose

F-waves are muscle action potentials recorded from muscle fibers of motor units 
activated by antidromic action potentials ascending in motor axons to the anterior 
horn cell [28–30]. F-waves are late motor responses observed following supramaxi-
mal electrical stimulation of a peripheral nerve causing an antidromic activation of 
motor neurons [28–30]. Zhao et al. found that the F/M ratio decreased following 
acupuncture treatment in patients with spastic hypertonia from stroke; this result 
indicated that the acupuncture treatment could inhibit neuron excitability in patients 
with spastic hypertonia from stroke [1]. Futhermore, Matsumoto et al. reported that 
the F/M ratio decreased following acupuncture treatment in patients with Chronic 
Disorder of Consciousness Following Traumatic Brain Injury [31]. As described 
above, the effect of acupuncture stimulation on the induced F-wave has been mainly 
applied to the effect of patients with motor symptoms such as spastic paralysis. In 
this study, we examined the effects of acupuncture stimulation on the spinal motor 
neuron in healthy adults, using the electromyographic F-waves of the first dorsal 
interosseous muscle immediately below the acupuncture stimulation site.

4.2 Materials and methods

4.2.1 Participants

Ten healthy volunteers (mean–standard deviation [SD]:30.3–6.2 years; 15 males 
and 1 female) with no known neurological dysfunction agree to participate in this 
study. Written informed consent was obtained from all subjects. This study was 
approved by the Research Ethics Committee at Hokkaido College of Oriental Medicine.

4.2.2 Study design

This study applied the crossover protocol; therefore, each experiment was 
randomly needled on separate days. The experiments were performed under two 
conditions: (1) acupuncture stimulation of right LI4 and (2) control (no acupuncture 
stimulation). To prevent a carryover effect, more than 1 week intervals between each 
acupuncture stimulation were maintained.

4.2.3 Experimental setting

M-wave and F-wave were measured before and after acupuncture (5-minute 
needle retention). M-wave and F-wave in the control group were measured at the 
same timepoints acupuncture.

4.2.4 Measurement of F-wave

F-waves were recorded and analyzed by using a Neuropack MEB 9204 recorder 
(Nihon Koden, Tokyo, Japan) with a band-pass filter of 5 Hz to 2 kHz. Thirty-two 
F-waves, elicited by electric stimulation of the ulnar nerve to the wrist, were recorded 



Physical Therapy – Towards Evidence-Based Practice

90

from the first dorsal interosseous muscle on the right side of each subject in a resting 
sitting position. The stimulus intensity used to elicit F-wave was more than the 120% 
that is required to elicit a maximal M-wave response. The electrical stimulus rate and 
duration were 1 Hz and 0.2 milliseconds, respectively. Electromyographic electrodes 
were attached firmly over the first dorsal interosseous muscle, With the anode posi-
tioned second phalanges. The ground electrode was placed between the stimulating 
and recording electrodes. The electrode impedance was below 5KΩ. The experiments 
were performed in a quiet room with a consistent temperature of 23–25°C.

4.2.5 Data analysis for the F-wave

Sample images of the F-wave and M-wave are shown in Figure 6. The F-wave was 
analyzed with respect to three parameters: occurrence, the F/M amplitude ratio, and 
the latency. The sensitivity was set at 5 mV/div for the M-wave and 0.5 mV/div for 
the F-wave. The occurrence was defined as the number of detected F-wave responses 
to 32 electrical stimuli and expressed as percentage. The F/M amplitude ratio was 
defined as the peak-to-peak amplitudes of F- and M-waves were measured, and the 
amplitude ratio of F/M was expressed as the ratio of F amplitude and the maximal 
amplitude of M-wave. F-wave latency was defined as the period from the stimulus to 
the F-wave evocation.

4.2.6 Acupuncture stimulation

An acupuncturist applied a needle at the right LI 4 (radial to the midpoint of the 
second metacarpal bone) (Figure 2). Disposable stainless steel needles (diameter, 
0.18 mm; length, 40 mm; Seirin Co., Ltd. Shizuoka, Japan) were used. The depth of 
needle insertion was 10 mm, and the needle was at a right angle to the skin and was 
maintained in this position (needle retention) for 5 minutes. No manipulation was 
performed during needle retention.

Figure 6. 
Analysis of F wave. The F wave was analyzed with respect to three parameters: Occurrence and the F/M 
amplitude ratio and the latency. The sensitivity was set at 5 mV/div for the M-wave and 0.5 mV/div for the F 
wave. Occurrence was defined as the number of detected F wave responses to 32 electrical stimuli and expressed 
as percentage. The F/M amplitude ratio was defined as the peak-to-peak amplitudes of F and M-waves were 
measured and the amplitude ratio of F/M was expressed as the ratio of F amplitude and the maximal amplitude 
of M-wave. F-wave latency was defined as the period from the stimulus to the F-wave evocation.
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4.2.7 Statistical analysis

The data are reported as means ± standard deviation (mean ± S.D.). A Wilcoxon 
signed-rank test was used to compare occurrence and the F/M amplitude ratio and 
the latency results after acupuncture and before acupuncture. For other statisti-
cal analyses, P values <0.05 were considered significant. Statistical analyses were 
performed using a commercially available statistical package (SPSS, Ver11.0.1, SPSS, 
Tokyo, Japan).

4.3 Results

4.3.1  Typical electromyogram waveform under before acupuncture stimulation and 
during acupuncture stimulation

Figure 7 illustrates sample recording of the F-wave from a typical subject. F-wave 
increased after acupuncture stimulation (right side). No effect of acupuncture stimu-
lation was observed on the M-wave.

4.3.2 Changes in F-wave induced by acupuncture stimulation

The changes in the F-wave are shown in Table 4. The F-wave occurrence was sig-
nificantly increased by acupuncture stimulation. There was no significant change in 
the control group. The F/M amplitude ratio was significantly increased by acupunc-
ture stimulation. There was no significant change in the control group. The F-wave 
latency was no significant change in either group.

4.4 Discussion

LI4 is located in the area covered by the superficial branch of the radial nerve, 
and the muscle innervation of the first dorsal interosseus muscle underlying the 
same skin is supplied by the ulnar nerve. In addition, there are motor points of the 
first dorsal interosseous muscle around LI4, which may be excited by acupuncture 
stimulation [32], which may be excited by acupuncture stimulation. Thus, It is 

Figure 7. 
Typical electromyogram waveform under resting condition (left side) and after acupuncture stimulation (right side). 
Typical electromyogram waveform under resting condition and during acupuncture stimulation. F wave increased 
after acupuncture stimulation (right side). No effect of acupuncture stimulation was observed on M wave.
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thought that acupuncture stimulation of LI4 excites various sensory receptors in the 
skin and muscles, spinal motor neuron are thought to undergo various regulations. In 
this study, F-wave persistence and amplitude F/M ratio increased after acupuncture 
stimulation. Persistence reflects the number of backfiring spinal anterior horn cells, 
and the F/M amplitude ratio reflects the synchronization of backfiring spinal ante-
rior horn cells [28–30]. Thus, acupuncture increases the excitability of spinal motor 
neurons that innervate the muscles immediately below the stimulation site. Previous 
studies have shown that electrical stimulation of the index finger increases MEP in the 
first dorsal interosseous muscle [33]. In addition, Previous studies have shown that 
electrical stimulation of the index finger increases motor unit in the first dorsal inter-
osseous muscle [34]. This suggests that stimulation of the skin may induce facilitation 
of the spinal motor neuron. Furthermore, It has been reported that pain stimulation 
to the thumb increases the MEP of the thenar muscle [35]. In addition, groups III and 
IV muscle afferents facilitated motoneurons and inhibited the motor cortex [36]. This 
suggests that painful stimuli to the skin and muscles may induce facilitation of the 
spinal motor neuron. Furthermore, there are motor points of the first dorsal interos-
seous muscle around LI4, which may be excited by acupuncture stimulation [32]. In 
addition, it has been reported that the number of Golgi tendon organs in the intrinsic 
muscle of the hand is maredly small [37]. Koiwa et al. demonstrated that inserted a 
needle electrode into the muscle motor point of the first dorsal interosseous muscle 
and measuring the action potential of the ulnar nerve of the elbow, the possibility of 
activated muscle sensory nerves such as group Ia afferent nerves [38]. Furthermore, 
we reported that the amplitude F/M ratio increased by acupuncture stimulation was 
suppressed by vibration stimulation. It is thought that the increase in reflex excitabil-
ity of spinal motor neurons caused by group Ia afferent nerves excited by acupuncture 
stimulation is suppressed by presynaptic inhibition caused by the excitation of 
group Ia afferent nerves by vibration stimulation [39]. Furthermore, we inserted an 
acupuncture needle into LI4 and applied electrical stimulation to confirm the appear-
ance of F-waves (Figure 8). Therefore, it was thought that acupuncture stimulation 
directly excites the ulnar nerve that innervates the first dorsal interosseous muscle. 
It may excite various afferent nerves contained within the same nerve trunk. Gracies 
et al. reported changes in the motor units of each upper extremity muscle by electrical 
stimulation of the median, ulnar, and radial nerves. They reported that stimulation 
of homonymous nerves increased the firing of motor units. Furthermore, it is con-
sidered that spatial facilitation by skin-afferent nerves and muscle-afferent nerves is 
involved in this effect [40]. Furthermore, It is well known that acupuncture activates 
various groups of afferent fibers. Using single-unit nerve recording techniques in rats, 
Kagitani et al. demonstrated that manual acupuncture needle stimulation to the hind 
limbs activated the single-unit afferents belonging to groups I–IV fibers in the spinal 

Acupuncture Control

Before After Before After

F-wave occurrence (%) 40.8 ± 17.2 48.1 ± 19.0** 36.2 ± 25.6 34.3 ± 25.1

F/M ratio (%) 1.73 ± 0.98 2.39 ± 1.56** 1.65 ± 0.63 1.71 ± 0.80

F-wave latency (ms) 29.8 ± 2.6 29.5 ± 2.6 29.5 ± 2.3 29.6 ± 2.3

Mean ± SD. **: P < 0.01 Wilcoxon signed-rank test vs. before acupuncture.

Table 4. 
Changes in F-wave induced by acupuncture stimulation.
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dorsal roots [24]. This suggests that acupuncture stimulated sensory receptors and 
nerve fibers distributed in the skin and muscles, resulting in increased spinal motor 
neuron excitability. Furthermore, in our study, subjects cannot avoid paying attention 
to the acupuncture site during needle insertion. Previous studies have reported that 
attention causes the facilitation of MEPs [41]. Therefore, acupuncture effect was com-
pensated by facilitation arising from the concentration to the stimulated site. In addi-
tion, the F-wave latency, which is an index showing the conduction velocity of motor 
nerves, was not affected by acupuncture stimulation. Therefore, it is considered that 
acupuncture stimulation does not affect the conduction velocity of motor nerves.

4.5 Conclusion

The result of this study indicated that acupuncture stimulation may have a greater 
effect on the excitability of spinal motor neurons.

5. How to use of acupuncture treatment in neurorehabilitation

In our study, acupuncture stimulation caused suppression of LLR occurrence and 
amplitude LLR/M ratio. Therefore, the results of this study are considered to explain 
the mechanism of action of acupuncture for Parkinson’s disease and multiple sclerosis 
[42–44]. Therefore, the results of this study are considered to explain the mechanism 
of action of acupuncture for Parkinson’s disease and multiple sclerosis.

Furthermore, we also found that acupuncture stimulation reduced the amplitude, 
latency, and duration of the BR R2 component. The results of this study suggest that 
acupuncture can be used for facial spasms and paralysis [45]. Furthermore, it has 
been reported that the R2 component reflects the disappearance of Myerson’s sign 
upon administration of L-dopa in patients with Parkinson’s disease [22, 23]. The 
results of this study suggest that acupuncture can be used for Parkinson’s disease. 
Furthermore, it has been reported that acupuncture reduces the amplitude ratio in 

Figure 8. 
Electromyograms recorded at the first dorsal interosseous muscle during stimulation of LI4 acupoint (right side) 
and ulnar nerve trunk (left side) in single subject.
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patients with spastic paralysis due to cerebrovascular disease [1]. In addition, acu-
puncture has been reported to depress the increase in F-wave frequency and ampli-
tude ratio in patients with chronic consciousness disturbance after traumatic brain 
injury [31]. In addition, there is also a report that acupuncture reduces the incidence 
of Parkinson’s disease [2]. In our study, the F-wave persistence and amplitude F/M 
ratio before acupuncture stimulation were not high. Therefore, it is possible that 
changes in spinal motor neurons by acupuncture may have different effects depend-
ing on the state before stimulation.
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Motor Imagery in Evidence-Based 
Physical Therapy
Yoshibumi Bunno, Chieko Onigata and Toshiaki Suzuki

Abstract

Motor imagery allows patients with difficulty in voluntary movements to mentally 
practice a target motor task. Numerous neurophysiological studies have investigated 
the mechanisms underlying the benefits of motor imagery, but many aspects remain 
unclear. Since both central and spinal neural function need to be leveraged to improve 
various motor functions, we have investigated motor imagery and spinal neural 
functions. Our previous research demonstrated a facilitation effect of motor imagery 
on spinal neural function and an immediate effect on muscle strength. Specifically, a 
mild imagined muscle contraction strength may be sufficient to enhance the excit-
ability of spinal motor neurons. In addition, kinesthetic imagery or combined action 
observation and motor imagery may substantially enhance the excitability of spinal 
motor neurons. Also, keeping a position of the upper or lower extremities close to the 
desired movements leads to greater enhancement of the excitability of spinal motor 
neurons during motor imagery.

Keywords: motor imagery, action observation, sensory modality, F-waves,  
spinal neural function, muscle strength

1. Introduction

Motor imagery (MI) is a cognitive process that is realized when an individual 
imagines that he/she is creating specific motor actions without actually performing 
the action or contracting muscles [1–3]. MI does not require special equipment and it 
can be easily performed at any time and location. Therefore, it can be used in a variety 
of settings, for example, sports medicine or post-operative and post-stroke rehabilita-
tion. A systematic review and meta-analysis of randomized control trials conducted 
by Zhao et al. [4] revealed that combined MI training and physical therapy is more 
beneficial for improving the lower limb motor function, gait function (i.e., gait speed, 
stride length, and cadence), and activities of daily living (ADL) compared to physical 
therapy alone in post-stroke patients with lower limb motor dysfunction. Similarly, 
a systematic review and meta-analysis conducted by Li et al. [5] revealed that MI 
training is effective for improving range of motion, muscle strength, and indepen-
dence in ADL and to reduce pain in post-operative patients who underwent total knee 
arthroplasty. In addition, research has demonstrated the effectiveness of MI both on 
muscle strength for young and old healthy adults [6] and upper limb motor function 
in post-stroke patients [7]. The number of systematic reviews and meta-analyses on 
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MI training has grown in the past years. While the clinical use of MI is expected to 
increase in the future, the evidence of its effects and knowledge about the underlying 
neurophysiological mechanisms are not yet sufficient. In this chapter, we provide an 
overview of our previous studies and we discuss MI training in evidence-based physi-
cal therapy, with a special focus on benefits related to spinal neural function.

2. Central and spinal neural excitability during MI

Various neurophysiological studies using positron emission tomography, functional 
magnetic resonance imaging, and near-infrared spectroscopy have revealed mecha-
nisms underlying the effects of MI on the central nervous system. Specifically, research 
has shown that MI-induced activity in the primary motor cortex (M1), supplementary 
motor area (SMA), premotor area (PM), prefrontal cortex (PFC), parietal cortex, and 
subcortical areas such as the basal ganglia and cerebellum [8]. The SMA, PM, basal 
ganglia, and cerebellum, are key structures in motor control, particularly the planning 
and preparation stages [9, 10]. Furthermore, these areas are activated during both 
MI and motor execution (ME). Although numerous previous studies have provided 
evidence that MI and ME share many common neural networks [8, 11], the activity of 
M1 during MI is controversial. Some studies found a significant increase in the activ-
ity of M1 during MI [12–16] whereas others did not [10, 17–19]. On the other hand, 
by evaluating the corticospinal excitability using transcranial magnetic stimulation 
(TMS) with high temporal resolution, a significantly increased amplitude of motor 
evoked potentials (MEPs) was observed during MI compared with the rest condition, 
suggesting elevated corticospinal excitability [20–24]. These results indicated that MI 
can increase corticospinal excitability. However, corticospinal excitability is lower dur-
ing MI compared to ME [22]. Similarly, the observed M1 activity has been reported to 
be lower during MI compared to ME (i.e., less than a half) [13]. Although many motor-
related brain areas are activated during MI, the role of M1 in MI is still unclear.

In addition, research suggests that it is important to assess spinal neural func-
tion during MI. Lower motor neurons of the spinal cord, namely α motor neurons, 
directly command muscle contraction. Descending pathways comprising upper 
motor neurons in the motor cortex or brainstem centers such as the reticular forma-
tion modulate the spatial and temporal patterns of activation of α motor neurons. 
Therefore, α motor neurons are the final common pathway for integrating various 
excitatory and inhibitory commands from upper motor neurons and for transmitting 
the information to the skeletal muscles [25]. To effectively improve motor function, 
it is necessary to facilitate both the central nervous system and spinal neural func-
tion. Indeed, a significant reduction of corticospinal excitability including spinal 
motor neurons was observed in post-stroke patients [26–28]. Also, the function of the 
corticospinal pathway is associated with the acquisition of dexterous motor skills [29, 
30]. Therefore, assessing the excitability of spinal motor neurons during MI could 
help toward a better understanding of the neurophysiological aspects underlying the 
beneficial effects of MI.

3. Assessing the spinal neural function

The F-wave, H-reflex, and T-reflex are typically used to assess the spinal neural 
function. In our laboratory, we mainly used the F-wave to assess the excitability of 
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spinal motor neurons during MI under various conditions. The F-wave is defined as 
compound action potential resulting from the re-excitation (“backfiring”) of spinal 
anterior horn cells by an antidromic impulse following distal electrical stimulation of 
α motor neurons [31–33]. When electrical stimulation is applied to α motor neurons, 
compound muscle action potentials orthodromically propagate through α motor 
neurons and can be recorded from the corresponding muscles (M-wave). In addition 
to α motor neurons, the H-reflex and T-reflex involve the Ia fiber or muscle spindle 
in their reflex pathway, but the reflex pathway involved in the F-wave generation 
consists only of α motor neurons. Therefore, the F-wave can be suitable to assess the 
spinal motor neurons excitability. The main indexes used to estimate the excitability 
of spinal motor neurons are persistence and the F-wave/M-wave (F/M) amplitude ratio. 
Specifically, persistence (%) is computed as the number of F-wave responses detected 
divided by the number of electrical stimuli delivered and it reflects the number of 
backfiring spinal motor neurons [32, 33]. The F/M amplitude ratio (%) is computed 
as the mean amplitude of the F-wave responses detected divided by the maximum 
value of M-wave amplitude observed. The F/M amplitude ratio reflects the number, 
size, and synchronization of backfiring spinal motor neurons [32, 34].

4. Excitability of spinal motor neurons during MI

4.1 Background

The observed effects of MI on the excitability of spinal motor neurons are 
inconsistent across studies. For example, research has shown that the excitability of 
spinal motor neurons was significantly decreased after 3 hours intentional relaxation 
and that it recovered quickly after ME. In addition, when sustained intentional 
relaxation and MI of thumb abduction were performed simultaneously, the excit-
ability of spinal motor neurons was maintained at pre-relaxation levels [35]. Also, 
excitability increased during MI of isometric ankle plantar flexion movement [36, 
37]. These results indicate that MI may enhance the excitability of spinal motor 
neurons. However, studies have shown that MI of thumb abduction [21, 38, 39] or 
palmar flexion [20, 40] did not alter the excitability of spinal motor neurons. Another 
study on speed skaters performing MI in a competition showed varying responses in 
participants as both increased and decreased excitability was observed in different 
participants compared to that at rest [41].

In the following section, we will introduce previous research from our laboratory 
regarding the excitability of spinal motor neurons during MI under various condi-
tions. The protocols were approved by the Research Ethics Committee at Kansai 
University of Health Sciences and conducted in accordance with the Declaration of 
Helsinki. In addition, written informed consent was obtained from all subjects prior 
to participation.

4.2  Influence of sensory inputs on the excitability of spinal motor neurons  
during MI

The influence of sensory inputs on the excitability of spinal motor neurons during 
MI was investigated in a sample of 11 healthy volunteers (8 males, 3 females; mean 
age, 34.0 years) [42]. Subjects were in a supine position on a bed and were asked to fix 
their eyes on the display of the pinch meter (Digital Indicator F340A; Unipulse Corp., 
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Tokyo Japan). The F-wave was recorded using a Viking Quest electromyography 
machine ver. 9.0 (Natus Medical Inc., Pleasanton, CA, USA). A pair of silver EEG cup 
electrodes (10 mm diameter; Natus Medical Inc., Pleasanton, CA, USA) were placed 
over the thenar muscles and the base of the first dorsal metacarpal bone. The skin 
was cleaned with an abrasive gel (Neprep® Skin Prep Gel; Weaver and Company, 
Inc., Aurora, CO, USA). The F-wave was evoked from the left thenar muscles by 
delivering supramaximal electrical stimulation to the left median nerve at the wrist. 
Supramaximal stimulus intensity was set at a level 20% higher than the maximal 
stimulus intensity that could elicit the largest M-wave amplitude.

The baseline excitability of spinal motor neurons was determined by recording 
the F-wave during 1 minute of relaxation. Then, the holding trial was performed. 
Specifically, the F-wave was recorded while the participant was holding the pinch meter 
sensor between the left thumb and index finger. Following the holding trial, partici-
pants were instructed to press the pinch meter sensor between the left thumb and index 
finger with maximal effort for 5 s. Then, for the motor task, subjects were instructed to 
exert pinch force at their target pinch force [i.e., the pinch force at 50% maximal vol-
untary contraction (MVC)] for 10 s with visual feedback. In addition, subjects learned 
isometric left thenar muscle contraction at 50%MVC by performing the motor task for 
1 minute. In the MI with sensor trial, subjects performed MI of the isometric left thenar 
muscle contraction while holding the pinch meter sensor for 1 minute, whereas in the 
MI without sensor trial, subjects performed the MI without holding the sensor for 
1 minute. The F-wave was recorded during MI in both conditions.

Thirty F-waves were recorded in each trial. For the F-wave analysis, the amplifier 
gain for the M-wave was set at 5 mV per division, 200 μV per division for the F-wave, 
and a sweep of 5 ms per division. The bandwidth filter ranged from 20 to 3 Hz. The 
minimum peak-to-peak amplitude of the F-wave was 20 μV [43]. Persistence and F/M 
amplitude ratio were estimated from the recordings. In addition, we calculated the 
relative data obtained by dividing persistence and the F/M amplitude ratio during two 
MI trials with those obtained at rest.

With regard to the MI with sensor condition, the values of persistence during 
the holding and MI trials were significantly higher than the values obtained at the 
baseline. The F/M amplitude ratio during the MI trial was significantly higher than 
that obtained at the baseline. Regarding the MI without sensor condition, the values 
of persistence observed during the holding and MI trials were significantly higher 
than that obtained at the baseline. The F/M amplitude ratio during the holding and 
MI trials was slightly higher than that obtained at the baseline, but the observed 
differences were not significant. The relative data for persistence and F/M amplitude 
ratio during MI with the sensor condition were higher than those obtained during MI 
without the sensor condition.

Overall, the observed changes of F-wave during MI suggest that MI could increase 
the excitability of spinal motor neurons. In addition, somatosensory inputs, including 
tactile and proprioceptive, can help increase the effect of MI on the excitability of 
spinal motor neurons. However, substantial inter-individual variability in excitability 
was observed and future studies are needed to further elucidate these mechanisms.

4.3  Influence of imagined muscle contraction strength on the excitability  
of spinal motor neurons during MI

Our first study using MI of isometric thenar muscle activity at 50%MVC showed 
that MI can enhance the excitability of spinal motor neurons, as measured by the 
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F-wave. In ME, the excitability increased linearly with the strength of muscle 
contraction [44]. To test the hypothesis that MI and ME share common neural 
networks and, thus, that the excitability of spinal motor neurons should increase 
with the imagined muscle contraction strength, we performed an experiment of 
MI of isometric thenar muscle activity at varying %MVC level (i.e., 10, 30, 50, and 
70%MVC) [45].

Ten healthy volunteers (5 males, 5 females; mean age, 28.7 years) participated 
in the study. Subjects were in a supine position on a bed and were asked to fix their 
eyes on the display of the pinch meter (Digital Indicator F340A; Unipulse Corp., 
Tokyo Japan) throughout the experiment. The recording condition for the F-wave 
was the same as in [42]. The F-wave recordings were conducted under three trials 
termed rest, MI, and post. In the rest trial, subjects kept relaxation for 1 minute. 
Before the MI trial, subjects learned the isometric left thenar muscle contraction 
while exerting the pinch force at 10%MVC for 1 minute. In the MI trial, subjects 
were instructed to imagine the isometric left thenar muscle contraction at 10%MVC 
for 1 minute. After the MI trial, subjects kept relaxed without performing MI for 
1 minute again. The above process was defined as the 10% MI condition. This pro-
cess was also performed under three other conditions (i.e., the 30, 50, and 70% MI 
conditions, respectively). The four MI conditions were randomized and performed 
on different days.

Persistence F/M amplitude ratios under the four MI conditions were significantly 
higher than those at the rest trial. Both persistence and F/M amplitude ratio in the 
post-trial under the four MI conditions were similar to those observed at rest.

Also, Figure 1 shows the relative values of persistence and the F/M amplitude ratio 
measured in the four MI conditions. Results showed that the relative data for persis-
tence and the F/M amplitude ratio were similar among the four MI conditions.

Overall, these results suggested that MI of isometric thenar muscle contraction 
under various imagined strengths could enhance the excitability of spinal motor 
neurons and that the imagined strength did not seem to influence the observed effect. 
Thus, it may be sufficient to perform MI at mild (e.g., 10%MVC) imagined muscle 
contraction strength to enhance the spinal motor neuron excitability. However, 
similar to our previous research [42], there was a lot of variability in the excitability of 
spinal motor neurons during MI and further research is needed.

Figure 1. 
Relative data for persistence and F/M amplitude ratio under the four MI conditions. There were no differences 
in relative data for persistence and F/M amplitude ratio among the four MI conditions. (adapted from reference 
[45]).
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4.4  Influence of sensory modality on the excitability of spinal motor neurons 
during MI

Our previous research [42, 45] revealed that MI of isometric thumb opposition 
movement enhanced the excitability of spinal motor neurons. However, substantial 
inter-individual variability was observed. It is hypothesized that this variability could 
be, at least in part, related to different sensory modalities experienced by the tested 
subjects.

Sensory experience during MI can be classified into two modalities, specifically 
kinesthetic and visual. Kinesthetic imagery (KI) is defined as a subject imagining 
muscle contraction corresponding to actual movements. On the other hand, visual 
imagery (VI) is defined as a subject imagining movements performed by himself/
herself (i.e., internal VI) or performed by another person (i.e., external VI). Previous 
research has shown that KI can activate motor-related brain regions to a larger extent 
than VI [46]. In addition, a significantly higher MEPs amplitude (i.e., higher corti-
cospinal excitability) was observed during KI compared to VI [22, 23]. Therefore, 
we hypothesized that the sensory modality experienced during MI may affect the 
excitability of spinal motor neurons.

We administered a survey to 85 subjects to investigate the sensory modalities 
used while performing MI [47]. Results showed that three types of sensory modality 
were used during MI: kinesthetic, tactile/pressure, and visual, used either alone or 
combined. In Ref. [48], we investigated the possible influence of the sensory modality 
of MI on the excitability of spinal motor neurons by using kinesthetic and somatosen-
sory perception.

Fourteen healthy volunteers (10 males, 4 females; mean age, 23.4 years) partici-
pated in the study. Subjects were in a supine position on a bed and were asked to fix 
their eyes on the display of the pinch meter (Digital Indicator F340A; Unipulse Corp., 
Tokyo Japan) during the experiment. The recording settings for the F-wave were the 
same as in the above described study and are reported in [42, 45]. The baseline of the 
excitability was determined in a rest trial by recording the F-wave during relaxation 
for 1 minute. Next, subjects were instructed to exert isometric left thenar muscle 
contraction at 50%MVC for 1 minute with visual feedback. Subjects were trained with 
two sensory modalities: kinesthetic (i.e., thenar muscle contraction while exerting 
the pinch force at 50%MVC) and somatosensory (i.e., tactile and pressure perception 
of thumb finger pulp while pressing the pinch meter sensor). Following training, 
subjects performed a randomized sequence of KI, somatosensory imagery (SI), and 
combined kinesthetic and somatosensory imagery (SKI), which consisted of imagin-
ing kinesthetic and somatosensory perception simultaneously. The F-waves were 
recorded for 1 minute in each trial. Following the MI trials, subjects were asked how 
vivid could they imagine the three imagery tasks on a five-point Likert scale ranging 
from 1 (very hard to image vividly) to 5 (very easy to image vividly).

Persistence and the F/M amplitude ratio were analyzed, as in the above-mentioned 
studies [42, 45]. Results are summarized in Figure 2. Persistence during KI and SI 
was significantly higher compared to the baseline. The F/M amplitude ratio during 
KI was significantly higher than that at rest. Both persistence and the F/M amplitude 
ratio during SKI were higher than that at rest, but the observed differences were not 
significant. The index of the imagery vividness, as measured using a five-point Likert 
scale, was significantly lower in the SKI trial than in the KI and SI trials.

Overall, the results of this study indicated that kinesthetic perception may be a more 
effective sensory modality to enhance the excitability of spinal motor neurons during MI 
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compared to the other sensory modalities investigated. The excitability of spinal motor 
neurons during SKI was similar to the baseline. This may be, at least in part, related 
to the relatively low imagery vividness score in the SKI trials, possibly suggesting that 
subjects could not imagine kinesthetic and somatosensory perceptions simultaneously.

4.5  Influence of combined action observation and MI on the excitability of spinal 
motor neurons

Previous research [42, 45] has shown inter-individual differences in the spinal 
motor neurons excitability during MI, which may be influenced by sensory modality 
during MI or by imagery vividness [48].

Recently, action observation (AO) has received much attention in the fields of 
sports and neurorehabilitation. AO shares neural substrates with MI and ME, includ-
ing the PM, parietal cortex, and somatosensory cortices [49]. Numerous TMS studies 
showed a significant increase in corticospinal excitability during AO [50–53]. In 
addition, greater enhancement of brain excitability [54] and corticospinal excitability 
[55–57] were observed during combined AO and MI. AO has also been reported to 
enable more vivid MI [58]. The study outlined below aimed to investigate whether 
combined AO and MI can enhance the excitability of spinal motor neurons to a larger 
extent than AO alone [59].

Thirty-one healthy volunteers (23 males and 8 females; mean age, 23.5 years) 
participated in this study. Subjects were sitting comfortably in a chair with their left 
forearm resting on the armrest during the experiment. The left forearm was fully 
supinated, and the hand was kept open and relaxed with the palm facing upward. 
Prior to F-wave recording, cyclic left thumb opposition movements at 1 Hz were 
video-recorded using an iPad (Apple, Inc., Cupertino, CA, USA) for 1 minute. 
Then, F-wave recordings were performed for three trials, specifically: rest, AO, and 
combined AO and MI (AO + MI). In the rest trial, the F-wave was recorded during 
relaxation for 1 minute to determine the baseline. In the AO trial, subjects viewed 
the video of their own cyclic left thumb opposition movements. To ensure subjects 
recognized the video as if it was their thumb moving to realize the AO modality, the 

Figure 2. 
Persistence and F/M amplitude ratio during SI, KI, and SKI trials. Persistence was significantly increased during 
SI and KI compared to rest (**p < 0.01). The F/M amplitude ratio was significantly increased during KI compared 
to rest (*p < 0.05). (adapted from reference [48]).
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size and position of the hand displayed on the video were adjusted to the size and 
position of the left hand of the tested subject. For the AO + MI trial, subjects were 
asked to imagine the left thenar muscle activity while viewing left thumb opposition 
movements displayed on the iPad for 1 minute. To counterbalance the order effect, 15 
subjects performed the tasks in the following order: rest, AO, and AO + MI, whereas 
the others performed the task in the following order: rest, AO + MI, and AO.

Results are summarized in Figure 3. Persistence during AO and during 
AO + MI was significantly higher than that at rest. The F/M amplitude ratio 
during AO + MI was significantly higher than that at rest. Overall, these results 
indicated that AO + MI may facilitate the spinal motor neurons excitability.

5. Immediate effect of MI on muscle strength

In addition to the study of the spinal motor neurons excitability during MI under 
various imagery conditions outlined in the above sections, we performed a study on 
the effects of MI on muscle strength [60].

The first study on the effect of MI on muscle strength by Yue & Cole [61] demon-
strated a 22% increase in muscle strength following MI training of little finger abduc-
tion at MVC for 4 weeks. Similarly, Sidaway et al. [62] demonstrated a 17% increase 
in muscle strength of ankle dorsiflexion following MI training of ankle dorsiflexion 
at MVC for 4 weeks. In addition, MI training for 1 week showed a 10% increase in 
muscle strength of ankle plantar flexion [63]. Overall, these findings suggest that MI 
training can increase muscle strength in the upper and lower limbs.

It is well known that physical performance improves immediately after MI, and 
muscle strength may be involved in this process. However, there were no studies 
demonstrating the immediate effect of MI on muscle strength. In addition, while 
previous studies [61–64] adopted MI at MVC for MI training, no study investigated 
the effect of MI at submaximal muscle contraction strength on muscle strength. The 
study summarized in the following aims to investigate the immediate effect of MI at 
50% MVC on muscle strength.

Figure 3. 
Persistence and F/M amplitude ratio during AO and AO + MI trials. Persistence was significantly increased 
during AO and AO + MI trials compared to rest (**p < 0.01). The F/M amplitude ratio was significantly 
increased during AO + MI compared to rest (**p < 0.01). (adapted from reference [59]).
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Thirty-six healthy volunteers (20 males, 16 females; mean age, 21.8 years) 
with no history of orthopedic and neurological disease participated in this study. 
Subjects were randomly divided into two groups using stratification (i.e., 10 males 
and 8 females were assigned to each group): MI group (mean age, 22.1 years; mean 
body weight, 56.7 kg); and control group (mean age, 21.6 years, mean body weight, 
59.2 kg). There was no statistical difference in age and body weight between the two 
groups. The dominant leg of all subjects was the right one. The maximal ankle plantar 
torque was recorded using a Biodex System 3 dynamometer. Subjects were seated in 
the adjustable chair of the dynamometer. The right ankle joint was kept in neutral 
position, and the axis of the dynamometer was aligned with the rotation axis of ankle 
dorsiflexion/plantar flexion. After warm-up, subjects performed 5 s isometric ankle 
plantar flexion movement with maximal effort for three times as a pre-intervention 
trial. Next, all subjects were trained on the isometric right ankle plantar flexion 
movement at 50%MVC using visual feedback for 1 minute. After training, subjects 
in the MI group performed MI of isometric right ankle plantar flexion at 50%MVC 
for 1 minute, whereas subjects in the control group kept relaxed for 1 minute without 
performing MI. In the post-intervention trial, subjects performed 5 s isometric ankle 
plantar flexion movement with maximal effort for three times.

Maximal ankle plantar flexion torque (Nm) was determined as the average value 
of peak ankle plantar flexion torque in the three repeated flexion movements. The 
maximal ankle plantar flexion torque was normalized to body weight and expressed 
as Nm/kg. Relative indexes were computed by dividing the normalized maximal ankle 
plantar flexion torque measured in the post-intervention trial to that obtained in the 
pre-intervention trial.

In the MI group, the normalized maximal ankle plantar flexion torque at the 
post-intervention trial was significantly higher than that measured in the pre-inter-
vention trial. In the control group, no significant difference in normalized maximal 
ankle plantar flexion torque between the pre- and post-intervention trials was 
observed. The relative index for normalized maximal ankle plantar flexion torque 
computed in the MI group was significantly higher than that computed in the control 
group (Figure 4).

These results indicated that MI of isometric ankle plantar flexion at 50%MVC 
could increase maximal ankle plantar torque immediately after MI. However, this 

Figure 4. 
Relative data for normalized maximal ankle plantar flexion torque during MI and control groups. Relative data 
for normalized maximal ankle plantar flexion torque in the MI group was significantly higher than that in the 
control group (*p < 0.05). (adapted from reference [60]).
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study did not investigate different imagined muscle contraction strengths, and the 
effects of MI on muscle strength as a function of the imagined muscle contraction 
strength need to be investigated in more detail.

6. Application of MI in clinical settings

Our previous findings [42, 45, 48] indicated that MI enhances the excitability of 
spinal motor neurons and that a mild (e.g., 10%MVC) imagined muscle contraction 
strength may be sufficient for MI training. However, research also suggested that 
sensory modality and vividness of MI may influence the excitability of spinal motor 
neurons during MI.

Different techniques can be introduced to make MI more effective. The first 
method to enhance the effect of MI is providing sensory inputs, including tactile 
and proprioceptive perception while performing MI. As discussed above, the excit-
ability of spinal motor neurons during MI while holding the pinch meter sensor was 
significantly higher than that observed during MI while not holding the sensor [42]. 
Similarly, Mizuguchi et al. [65] demonstrated that the corticospinal excitability 
during MI of squeezing a ball while touching the ball was higher than that observed 
during MI while not touching the ball. Noticeably, no increase in corticospinal excit-
ability was observed while touching the ball with no MI. Accordingly, it is important 
to perform MI training with the position of the upper or lower extremities close to the 
actual movements. Secondly, combined AO and MI can be effective. Although, the 
excitability of spinal motor neurons was increased during AO alone, combined AO 
and MI increased the excitability to a larger extent than AO alone [59]. These methods 
may activate motor-related neural function more effectively due to synergistic effects 
of “MI and sensory inputs” or “MI and AO”, and may allow individuals to imagine the 
movements vividly.

In addition, duration of MI should be considered for MI training. We investi-
gated time-dependent change in the excitability of spinal motor neurons during 
MI for 5 minutes using the F-wave, and we observed that the excitability of spinal 
motor neurons at 1-minute and 3-minutes after MI initiation was significantly 
higher than the baseline, returning to the baseline level after 5 minutes. In addi-
tion, subjects could not perform MI vividly for 5 minutes after MI initiation [66]. 
Mental fatigue caused by repetitive MI of the hand grip movement decreased the 
corticospinal excitability [67]. These findings indicate that the benefit of MI on the 
excitability of spinal motor neurons is not necessarily a function of the length of 
MI. In general, the optimal duration or number of sessions for MI training has not 
been determined yet, and a detailed investigation is required. In clinical settings, 
condition of MI training, including sensory inputs, intensity, sensory modalities, 
the use of AO, and duration, should be set according to the purpose of rehabilita-
tion and individual MI ability.

Finally, the maximal isometric ankle plantar flexion torque was significantly 
increased immediately after MI at 50%MVC for 1 minute, suggesting that MI at 
50%MVC may be beneficial in rehabilitation to improve muscle strength. When uti-
lizing MI in rehabilitation, it is necessary to learn the desired movements in advance, 
but this may be difficult for specific patients, for example, patients with heart failure 
who are not able to perform exercise at high intensity. Therefore, MI at 50%MVC may 
be able to increase the excitability of spinal motor neurons and muscle strength with 
relatively less physical load than MI at MVC.
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7. Conclusion

In this chapter, we presented the influence of MI under various conditions on 
the excitability of spinal motor neurons and the immediate effect of MI on muscle 
strength. The F-wave data reported here may provide evidence for elucidating the 
neurophysiological mechanisms underlying the observed MI effects. Further research 
is needed to investigate optimal settings for MI in physical therapy and support 
future, effective application of this technique in clinical settings.
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Chapter 8

Motor Imagery-Based 
Neurofeedback in Physiotherapy 
Practice
Shun Sawai, Shoya Fujikawa, Ryosuke Yamamoto  
and Hideki Nakano

Abstract

Neurofeedback (NFB) is a closed-loop technique in which the patient receives 
feedback on brain activity to encourage voluntary control of brain activity. NFB 
promotes neuroplasticity and changes the brain functionally and structurally. Motor 
imagery-based NFB (MI-NFB) can improve motor imagery ability by providing 
feedback on brain activity during motor imagery, thereby showing effectiveness in 
performance and motor learning. Furthermore, the effects of MI-NFB are further 
enhanced when it is combined with noninvasive brain stimulation and motor exer-
cise. Therefore, MI-NFB is used in the physiotherapy of patients with neurological 
diseases, such as stroke and Parkinson disease, as well as children with attention 
deficit-hyperactivity disorder and elderly people. This chapter reviews MI-NFB in 
physiotherapy practice, thus contributing to the development of effective evidence-
based physiotherapy.

Keywords: neurofeedback, motor imagery, neurorehabilitation, stroke, Parkinson 
disease, physiotherapy practice

1. Introduction

Neurofeedback (NFB) is a technique that promotes voluntary control of brain 
activity by providing feedback on brain activity to the participant [1]. Kamiya 
found that electroencephalography (EEG) can be used to notice changes in brain 
states [2] and that it can be controlled spontaneously by feeding back activity in 
the α-frequency band [3]. These research results were the first step to develop-
ing NFB, which has been widely used to treat psychiatric disorders [4], improve 
cognitive function [5], enhance motor performance [6], and so on. In NFB, brain 
activity is measured mainly by EEG [7], functional magnetic resonance imaging 
(fMRI) [8], and functional near-infrared spectroscopy [9], and feedback on the 
activity in the targeted brain regions is provided to the participant to facilitate self-
regulation of the participant’s brain activity. The methods used to provide feedback 
include visual feedback [10], in which brain activity is projected on a monitor, 
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and auditory feedback [11], which uses sound stimuli of different frequencies. 
These methods are used to encourage participants to voluntarily adjust their brain 
activity.

Although many neural mechanisms underlying the effects of NFB are still 
unclear, several potential mechanisms have been proposed [12–14], one of which 
is the induction of neuroplasticity through NFB. In addition to changing motor 
performance and brain activity, NFB has also been shown to alter the structure of 
white matter [15]. For these reasons, neuroplasticity, which causes changes in brain 
structure, has been proposed to be a mechanism underlying the effects of NFB. 
The second potential mechanism involves changing the connectivity of the brain. 
The neural network associated with NFB can be divided into control, learning, 
and forward-processing networks [16]. The control network is composed of the 
frontoparietal control network, which consists of the dorsolateral frontal and 
posterior parietal cortices, with the participation of brain regions related to the 
processing of feedback stimuli, such as the lateral occipital cortex and thalamus. 
The dorsolateral frontal and posterior parietal cortices are associated with the 
execution of imagery and other processes [17] and may be important in the mental 
processes that control brain activity. The learning network consists of the dorsal 
striatum, which has been shown to be associated with motor control and learning 
based on procedural memory [18] and may be involved in learning to coordinate 
neural activity in NFB. Finally, the reward-processing network consists of the 
anterior insula, anterior cingulate cortex, and ventral striatum. The anterior insula 
[19] and anterior cingulate cortex [20] are associated with a conscious perception 
of reward, whereas the ventral striatum is associated with an unconscious percep-
tion of reward [21, 22]. The reward-processing network has been reported to be 
activated by the NFB [23], which is also known to regulate brain activity. Thus, 
the knowledge of results (KR) for regulating brain activity conferred by the NFB 
may be involved in the process of recognizing the accomplishment of the task, and 
these neural networks have been proposed to be related to NFB.

In addition to the NFB-related networks described above, NFB alters the con-
nectivity of the language network and visual network, which are involved in internal 
reception [24]. NFB has also been reported to alter connectivity not only within the 
cerebrum but also between the primary motor cortex and the cerebellum [25], and 
NFB may produce its effects by altering connectivity between these brain regions. As 
described above, NFB has been suggested to cause functional and structural changes 
in the brain. This chapter reviews the NFB to motor imagery frequently used in 
physiotherapy practice.

2. Motor imagery-based neurofeedback

Recently, the effect of NFB on motor imagery has attracted much attention. This 
approach is called motor imagery-based NFB (MI-NFB). Motor imagery is a cognitive 
process of imagining what it is like to exercise without actual movement [26]. Motor 
imagery can be divided into myosensory first-person imagery and visual third-person 
imagery, and previous studies have reported individual differences in motor imagery 
ability [27, 28]. Motor imagery is known to improve performance [29] and has a 
motor-learning effect [30] even when the participant does not actually exercise. In 
addition, motor imagery has been supported from a neurological aspect, as there 
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are areas where brain activity similar to that of actual exercise is observed [31], and 
resting EEG is altered by motor imagery [32]. On the basis of these background 
characteristics, motor imagery has been used in sports training for athletes [33] and in 
rehabilitation for stroke patients [34, 35]. However, one limitation of motor imagery 
is that the participant cannot understand the accuracy of the imagery because the 
actual movement does not occur [36]. NFB can be used to solve this problem. MI-NFB 
provides real-time feedback on brain activity during motor imagery to the participant 
and improves the accuracy of imagery by activating brain regions related to motor 
imagery [37]. In this section, the mechanism and effects of MI-NFB are explained on 
the basis of the results of studies conducted in healthy individuals.

MI-NFB has been reported to provide feedback on activity in the primary motor 
cortex (M1) [38, 39] and supplementary motor area (SMA) [40, 41] in many stud-
ies. These areas are activated by motor imagery and have been reported to be related 
to the accuracy of motor imagery [31]. The blood oxygen-level dependent (BOLD) 
signal in fMRI [40, 41] and the event-related desynchronization (ERD) of EEG 
β-rhythms [42] and μ-rhythms [43] are mainly used as feedback stimuli for MI-NFB. 
In this approach, the ERD reflects a decrease in the EEG signal caused by the occur-
rence of an event [44]. Control of these parameters related to motor imagery is then 
encouraged to improve the accuracy of motor imagery and motor performance 
(Figure 1).

MI-NFB has been proposed to facilitate motor learning by providing KR [45]. 
KR is one of the basic principles underlying motor learning, and if motor learning 
involves actual exercise, the results are automatically returned as feedback by behav-
ioral indicators and sensory stimuli, and motor learning is based on this information 
[46]. In contrast, motor imagery does not provide feedback on KR such as behavioral 
indices and sensory stimuli because it is not accompanied by actual movement. In 
this context, MI-NFB provides brain activity as KR, and motor learning is facilitated 
based on this information.

MI-NFB has been shown to alter brain activity and improve motor imagery ability 
[37]. Hwang et al. tested the effects of MI-NFB with visual stimuli in healthy young 
individuals [47]. In their study, right- or left-hand movements were used as the imag-
ery task, the μ activity in the sensorimotor area was displayed on a monitor, and the 
participants received visual feedback regarding brain activity. The findings showed 

Figure 1. 
MI-NFB system using EEG. EEG is measured during motor imagery, and μERD data are used to provide feedback 
to the patients, including visual feedback using bar graphs or auditory feedback using sound stimuli. This system 
promotes voluntary control of EEG during motor imagery.
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that this system facilitated control of brain activity during motor imagery. Their 
results indicated that MI-NFB enabled the control of μ activity, potentially indicating 
an improvement in motor imagery ability. Additionally, Grigorev et al. examined the 
effects of MI-NFB with vibrotactile stimulation in healthy young individuals [48]. In 
their study, the imagery task consisted of right- or left-handed movements. Vibration 
actuators were attached to the bilateral forearms and behind the neck and set to 
vibrate when μ-rhythmic ERD occurred, providing vibrotactile brain activity feed-
back (Figure 2). Their results showed that MI-NFB produced significantly greater 
ERD for non-dominant hand motor imagery, but it had no significant difference for 
dominant hand motor imagery. Since non-dominant hand movements require higher 
brain activity than dominant hand movements [49], the present results may modulate 
the brain activity mobilized for these non-dominant hand movements. Although 
MI-NFB has been suggested to enable the control of brain activity and improve the 
accuracy of motor imagery, as shown in the above study [48], the effect of MI-NFB 
varies depending on the conditions. Moreover, the effects of MI-NFB are not consis-
tent in relation to the participant’s characteristics [50] and the difficulty of the task 
[51]. Therefore, improving the accuracy of MI-NFB and evaluating its responsiveness 
are future research topics.

In this section, the basic mechanisms and effects of MI-NFB are described on 
the basis of previous studies. MI-NFB provides the participant KR in motor imagery 
accuracy, encouraging the participant to control brain activity related to motor imag-
ery. This process improves the accuracy of motor imagery. Therefore, MI-NFB may 
be effective in addressing participants’ inability to understand whether their motor 
imagery is good or poor. However, the effectiveness of MI-NFB varies depending on 
the difficulty of the task and the participants’ characteristics; hence, more accurate 
MI-NFB is required in the future.

Figure 2. 
Experimental setup of MI-NFB using vibrotactile stimulation [48]. EEG was measured during motor imagery, 
and brain activity was returned as feedback to the participant in real time through a vibration actuator. The 
participant then had to imagine the hand movement to generate more vibration.
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3. Combination of neurofeedback with other techniques

With the evolving usage of stimulators in physiotherapy [52], it is becoming 
increasingly clear that MI-NFB should not be used alone; rather, it should be used in 
combination with some other interventions to further amplify its effects. This section 
describes the use of MI-NFB in combination with other techniques.

3.1 Combination of neurofeedback with transcranial stimulation

Recent studies have begun examining the efficacy of transcranial stimulation 
combined with MI-NFB. Transcranial stimulation is classified into transcranial direct 
current stimulation (tDCS), transcranial alternating current stimulation, and tran-
scranial magnetic stimulation [53]. These stimuli are used to promote brain plasticity 
and alter cognitive and mental functions [54], and their effects have attracted much 
attention. The effects of transcranial stimulation on motor imagery have been vali-
dated, with tDCS [55, 56], transcranial alternating current stimulation [56, 57], and 
transcranial magnetic stimulation [58] all shown to improve the accuracy of motor 
imagery. However, the effects of combining transcranial stimulation with MI-NFB are 
largely unclear.

In a study examining the effects of tDCS on MI-NFB [59], participants were 
divided into NFB and NFB + tDCS groups, and MI-NFB for left wrist dorsiflexion 
was performed. For the NFB + tDCS group, tDCS was performed before imaging. 
During NFB, EEG measurements were obtained, and the ERD of the μ-rhythm in 
M1 was projected on the monitor (Figure 3). In tDCS, the anode was placed on C4 
and the cathode on the right upper arm, and anodal stimulation was administered 
to increase the activity of C4, which corresponds to the sensorimotor area of the left 
hand (Figure 4). The participants performed a motor imagery task without NFB 
before and after MI-NFB, and the EEG results obtained during the task were com-
pared between the groups. The results showed that the ERD of the μ-rhythm in the 

Figure 3. 
Experimental setup [59]. The participant sat in a chair and mentally imagined a dorsiflexion movement of the 
left wrist joint. During the imagery, EEG was measured, and the ERD of the μ-rhythm was represented as a bar 
graph on the monitor.
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NFB + tDCS group was significantly higher than that in the NFB group. This result 
indicates that the effect of MI-NFB alone, as well as the combination of MI-NFB 
and tDCS, can amplify the effect of MI-NFB. Both MI-NFB [37] and tDCS [55, 56] 
have been shown to improve MI accuracy, but the processes underlying their effects 
are different. Therefore, the effects of MI-NFB and tDCS do not appear to overlap, 
indicating the possibility of a synergistic effect.

As shown above, the efficacy of MI-NFB combined with tDCS has been dem-
onstrated. Other electrical and magnetic stimuli also have similar mechanisms of 
action to tDCS, and their use in combination with MI-NFB may amplify the effects of 
MI-NFB. Intervention methods that combine such techniques are still in their infancy 
and require further study. In addition, noninvasive brain stimulation methods such 
as tDCS are not yet commonly used in physiotherapy practice. With advancements 
in brain science and engineering, physiotherapy using these devices will become 
widespread and provide effective rehabilitation.

3.2 Combination of neurofeedback with action observation or motor execution

Action observation and motor execution are often compared with motor imagery, 
and the accuracy of motor imagery and motor performance are improved when action 
observation and motor execution are combined with motor imagery [60, 61]. The 
effects of MI-NFB have also been shown to be improved by combining it with action 
observation and motor execution.

Action observation is a cognitive process of observing a scene in motion with-
out moving [62]. Action observation and motor imagery have both been used in 
conjunction with motor execution to support motor learning, but both are different 
techniques, and it was believed that action observation and motor imagery cannot be 
used together. However, studies elucidating the neural bases and effects of these tech-
niques have clarified that the combination of motor imagery and action observation 
improves the accuracy of motor imagery and motor performance [63]. Moreover, the 
effectiveness of the combination of action observation and MI-NFB has been verified 
in recent studies. Friesen et al. [64] used a handshake task to examine the effects of 
MI-NFB in combination with action observation. In their study, participants were 

Figure 4. 
tDCS setup [59]. A tDCS electrode was placed targeting C4, which corresponds to the sensorimotor area of the left 
hand. Anodal stimulation was applied to increase activity in this region.
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divided into two groups: an NFB group, which received EEG feedback during the 
task, and a sham group, which received false stimulus feedback. The participants 
were required to watch a video of a complex handshake and simultaneously imagine 
the action (Figure 5). The ERD of μ-rhythms in the sensorimotor area was then 
measured, and the NFB group received visual feedback of brain activity by chang-
ing the saturation of the handshake video. Specifically, a vivid movie was displayed 
when a sufficient ERD was generated, and a monochrome movie was displayed when 
the ERD was insufficient (Figure 6). A comparison of ERD between groups showed 
that the NFB group had significantly higher ERD than the sham group, indicating 
an improvement in the accuracy of motor imagery when NFB is used in combination 
with action observation and motor imagery. The combination of motor imagery and 
action observation has been shown to increase cortical excitability [65] and activate 
motor-related networks [66]. In contrast, the results of this study showed that the 

Figure 5. 
Action observation of a handshake [64]. The participant was asked to imagine the motion while watching a video 
of a complex handshake.

Figure 6. 
Providing NFB when action observation and MI-NFB are combined [64]. The participant performed action 
observation and motor imagery simultaneously, during which EEG measurements were obtained. Then, the 
handshake video was set to become vivid with the ERD of the μ-rhythm, providing visual feedback on brain 
activity.
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combination of motor imagery and action observation did not have the greatest effect 
but that the effect was further enhanced when NFB was used in combination.

Ono et al. [67] examined the combined effects of MI-NFB and action observa-
tion using proprioceptive NFB. In their study, participants were divided into an NFB 
group and a control group in which random feedback was provided, and training 
was conducted using a combination of action observation and motor imagery. A 
ball-gripping task was used in this study, and participants imagined the motion while 
watching a video of themselves gripping a ball. An exoskeleton robot was attached to 
the hand and set to passively generate finger-flexion movements when ERD with a 
sufficient μ-rhythm was generated during the task. This task was performed six times 
at 2-week intervals, and the ERD during motor imagery was continuously evaluated. 
The results showed a significant increase in the ERD in the NFB group in comparison 
with the control group. These results indicate that the combination of MI-NFB using 
proprioceptive and behavioral observations can improve the accuracy of motor imag-
ery. Motor imagery and action observation may have activated motor-related areas, 
which were further modified by NFB. Similar to the findings of the study by Friesen 
et al. [64], this study showed that the combination of MI-NFB and action observa-
tion was effective. Furthermore, since proprioceptive feedback has been reported to 
be more effective than visual feedback in MI-NFB [68], the feedback system used in 
this study may have maximized the effects of motor imagery, action observation, and 
NFB, respectively. As shown in the above studies, the effectiveness of using MI-NFB 
in combination with action observation is being verified, and more effective methods 
of motor imagery training are being developed. Action observation is often used in 
physiotherapy practice, wherein patients observe the actions of physical therapists. 
Therefore, the results of these studies can be applied to physiotherapy practice to 
provide effective rehabilitation.

Motor execution generates myosensory and superficial sensory information that 
does not occur in motor imagery [69], which is thought to support motor imagery 
as KR [70]. In addition, motor execution has a neural mechanism that is partially 
similar to motor imagery [31]. For these reasons, the effects of training with motor 
execution and motor imagery have been examined [71]. The effects of combining 
MI-NFB and motor execution have been initially verified in recent studies. In one 
study, the authors examined the effects of combining MI-NFB and motor execu-
tion using a standing postural-control task [72]; the participants in this study were 
divided into the MIME group, which alternated between motor imagery and motor 
execution, and the MIME + NFB group, in which NFB was added to the motor 
imagery at that time. The task consisted of an actual exercise, in which the partici-
pant stood on an unstable board and kept the board horizontal, and a phase in which 
the participant imagined the exercise (Figure 7). The imagery of the exercise was 
performed in the resting sitting position, and the participants in the MIME + NFB 
group received ERD feedback of μ-rhythms in the motor-related regions during the 
imagery. The feedback method was auditory feedback, wherein higher-frequency 
sound stimuli were provided as the ERD increased. Performance on the standing 
postural-control task before and after training was compared between groups. The 
results showed significantly better standing postural control performance in the 
MIME + NFB group than in the MIME group. These results indicate that the com-
bination of MI-NFB and motor execution improves the accuracy and performance 
of motor imagery. NFB provided KR of motor imagery from the neural activity 
aspect, and motor execution provided KR of motor imagery from the superficial and 
proprioceptive aspects, and their combined use may have improved the accuracy and 
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effectiveness of motor imagery. Thus, the initial studies on the effects of combining 
MI-NFB and motor execution have suggested that this approach may improve the 
accuracy of motor imagery. Since there are many situations in physiotherapy practice 
where actual exercise and motor imagery are used together, the results of these stud-
ies can be applied to clinical treatment.

3.3 Summary

This section described the effects of using MI-NFB in combination with other 
techniques. The use of noninvasive brain stimulation methods that alter brain states 
similar to NFB as well as the addition of action observation and motor execution, 
which are comparable to motor imagery, to MI-NFB can improve its effectiveness. 
However, further research is needed to provide more effective MI-NFB, since many 
aspects of this technique remain to be verified, including the effects of the area to 
be stimulated and the intensity of the stimulation. In physiotherapy practice, motor 
imagery shows individual differences in its effectiveness [36]. Thus, combining it 
with the other techniques described above could solve this problem and facilitate 
effective exercise imagery training for all patients, thereby establishing evidence-
based motor imagery and MI-NFB.

4. Neurofeedback in physiotherapy practice

MI-NFB has been validated not only in healthy individuals but also in patients with 
neurological diseases. This section presents clinical studies of MI-NFB in patients 
with neurological disorders and describes the physiotherapy practice of MI-NFB.

Figure 7. 
A standing postural-control task combining MI-NFB and motor execution [72]. The participant stood on an 
unstable board and maintained the board in horizontal position. In the motor imagery task, the participant was 
asked to mentally imagine this standing postural-control task in a resting sitting position. Feedback regarding the 
ERD of the μ-rhythm during motor imagery was provided by auditory stimuli.
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4.1 Neurofeedback for patients with stroke

The hemiplegia and motor impairment caused by stroke necessitate physical 
therapy [73]. In particular, stroke patients have reduced motor imagery ability [74, 
75], and MI-NFB is used to improve the effectiveness of motor imagery training [76]. 
Moreover, upper limb function is less likely to recover after stroke than lower limb 
function [77], and MI-NFB has attracted attention as a new and effective intervention 
method.

Pichiorri et al. [78] examined the effects of MI-NFB on upper limb movement in 
patients with subacute stroke. In their study, participants were divided into a control 
group, which performed motor imagery without NFB, and an MI-NFB group, which 
performed motor imagery with NFB. EEG measurements were obtained during imag-
ing, and the ERD of the β-rhythm was evaluated. In the MI-NFB group, the virtual 
hand on the monitor moved to provide visual feedback on brain activity. In this 
study, participants underwent regular rehabilitation, including physical therapy and 
occupational therapy for 3 hours a day, and motor imagery training was conducted 
in addition to these sessions. In a comparison of the control and MI-NFB groups, the 
MI-NFB group showed a significantly higher ERD of the β-rhythm during imagery, 
and this phenomenon occurred mainly in the impaired hemisphere. This result 
suggests that MI-NFB may have enhanced the accuracy of motor imagery by facilitat-
ing recruitment of the impaired hemisphere during motor imagery. In addition, an 
intergroup comparison of the functional connectivity of the resting brain after train-
ing showed that the MI-NFB group had significantly increased connectivity between 
hemispheres in high-frequency bands such as β. The details of this phenomenon are 
not yet clear, but it is suggested to be related to the compensatory functions of the 
brain. The injured hemisphere and the unaffected hemisphere may be tightly con-
nected, and bilateral activity may have produced the motor imagery. Interhemispheric 
connectivity was also observed after imagery training, indicating that it may con-
tribute to brain reorganization. In addition, MI-NFB improved motor function as 
assessed by the arm section of the Fugl-Meyer Assessment (FMA), the upper limb 
section of the Medical Research Council scale for muscle strength, and the National 
Institute of Health Stroke Scale. In particular, the FMA score improved by more than 
a minimal clinically important difference only in the MI-NFB group. These improve-
ments in brain and motor function indicate that MI-NFB is effective in physiotherapy 
practice for upper limb function in stroke patients. Zich et al. [79] also examined 
the effects of frequent MI-NFB on home treatment of chronic stroke patients and 
presented case reports of three chronic stroke patients more than 6 months after 
stroke onset, one with mild upper limb paralysis and two with severe upper limb 
paralysis. In MI-NFB, the participants imagined hand movements and received visual 
feedback of β-rhythm ERDs assessed from EEG. After 4 weeks of home training with 
MI-NFB, all participants showed cortical activation in motor-related areas. In addi-
tion, upper limb motor function improved in participants who showed mild paralysis. 
This patient clearly showed functional and structural recovery of the central nervous 
system after the training. This study did not show motor function or structural brain 
changes in patients with severe paralysis but showed changes in patients with mild 
paralysis. These findings indicate that MI-NFB may be effective even in patients with 
chronic stroke. Future studies should continue to validate MI-NFB in chronic stroke 
patients, allowing for more widespread use of MI-NFB in physiotherapy practice.

MI-NFB has been examined not only for upper limb function but also for gait 
function. Mihara et al. [41] performed motor imagery training of gait in patients 
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with gait disorders due to subcortical stroke. During the imagery training, frontal 
functional near-infrared spectroscopy measurements were obtained to provide 
visual feedback on blood flow in the SMA associated with the motor imagery. The 
participants were divided into two groups: the MI-NFB group, which received cere-
bral blood flow feedback, and the sham group, which received sham feedback. The 
MI-NFB group showed a significant increase in SMA blood flow in comparison with 
the sham group. In addition to changes in brain function, the MI-NFB group’s score 
on the Timed Up and Go test, a gait evaluation method, was significantly better after 
training. The results show that MI-NFB can effectively improve brain and motor 
function in gait, indicating that MI-NFB can be widely used in physiotherapy practice 
for stroke patients.

MI-NFB has been shown to improve upper limb and gait functions in stroke 
patients and may be an effective approach in physiotherapy practice. However, 
stroke symptoms vary according to the region of injury, and detailed classification of 
participants and investigation of interventional methods on the basis of the region 
of injury will contribute to the development of more effective MI-NFB. Conversely, 
a standard MI-NFB approach for stroke patients could be developed through large-
scale studies that are not limited to the region of injury. Further research is needed to 
establish MI-NFB in physiotherapy practice for stroke patients.

4.2 Neurofeedback for patients with Parkinson disease

Parkinson disease (PD) is a neurological disorder whose main symptoms are 
resting tremors, muscle stiffness, immobility, and postural dysreflexia [80]. Motor 
imagery has been shown to be effective in treating these symptoms [81, 82], and 
MI-NFB is used to improve the effectiveness of motor imagery training. PD patients 
show decreased motor imagery ability [75, 83], and MI-NFB may contribute to symp-
tom improvement in PD patients.

Subramanian et al. [84] examined the efficacy of MI-NFB in patients with Hoehn 
and Yahr stage I–III PD. The participants were divided into NFB and control groups 
and were required to imagine finger-tapping movements of the left hand. fMRI was 
measured during the imagery, and the BOLD signal of the SMA was returned as 
feedback to the NFB group. Next, the finger-tapping test and the fMRI BOLD signal 
during imagery were evaluated before and after training. The finger-tapping test 
involves tapping the thumb and index finger at maximum speed and reflects the 
immobility of PD patients [85]. The results showed upregulated SMA brain activity 
and greater finger-tapping speed in the NFB group in comparison with the control 
group. The results indicate that MI-NFB modulates brain activity in regions related to 
PD symptoms and improves immobility. A compensatory network involving the basal 
ganglia and thalamus is activated in PD as symptoms progress [86]. In addition, SMA 
projects to the globus pallidus internus of the basal ganglia and thalamus [87, 88], 
suggesting that MI-NFB may activate the compensatory network. As reported in the 
above studies, MI-NFB has been shown to be effective in treating motor symptoms in 
PD patients. Additionally, Subramanian et al. [89] examined the effect of combining 
exercise therapy and MI-NFB in PD patients. In their study, participants with Hoehn 
and Yahr stage I–III PD were divided into two groups: the EX group, which received 
exercise therapy, and the NF group, which received MI-NFB in addition to exercise 
therapy, and trained for 10 weeks. The EX group performed finger-tapping and pos-
tural-control tasks using a virtual reality game device as exercise therapy. In contrast, 
the NF group performed finger-tapping motor imagery and postural-control tasks. 
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The motor score of the Movement Disorder Society-sponsored revision of the Unified 
Parkinson’s Disease Rating Scale (MDS-UPDRS) [90] was performed before and 
after training. The MDS-UPDRS consists of four items: daily motor experiences, daily 
non-motor experiences, motor tests, and motor complications. In addition, the MDS-
UPDRS and other PD symptom scales were assessed before, during, and after the 
4-week intervention. The results showed that the motor examination score of MDS-
UPDRS significantly improved in the NF group in comparison with the EX group in 
the unmedicated condition. However, the MDS-UPDRS scores with medication did 
not show significant group differences for any of the items (Figure 8). This result indi-
cates that MI-NFB may contribute to the recovery of basal ganglia function. In the on-
medication condition, PD patients are treated with levodopa and other common PD 
medications that affect the basal ganglia. However, the findings of the study described 
above showed a difference in motor function with MI-NFB only in the off-medication 
condition, suggesting that MI-NFB may be an alternative to pharmacotherapy. Thus, 
MI-NFB has been shown to influence task performance reflecting motor symptoms as 
well as a general scale assessing the severity of PD. However, MI-NFB did not improve 
motor function in the on-medication condition. Since most patients with PD are on 
medication, the clinical usefulness of MI-NFB requires investigation of approaches to 
improve motor symptoms while on medication.

Figure 8. 
Effects of MI-NFB combined with exercise therapy in PD patients [89]. (A) The motor examination score of the 
MDS-UPDRS in the off-medication condition was significantly better in the NF group than in the EX group. 
(B–D) However, the overall, non-motor experience or motor experience MDS-UPDRS scores with medication 
showed no significant group differences.
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In physiotherapy practice, MI-NFB may be an effective approach to improve 
motor symptoms such as immobility in PD patients. Since the basal ganglia, which 
are impaired by PD, are connected to the SMA, which is activated by MI-NFB, 
MI-NFB can improve symptoms via the SMA. However, the effectiveness of MI-NFB 
depends on the medication conditions, and further validation is needed to devise an 
effective MI-NFB protocol. In addition to motor symptoms, PD often presents with 
non-motor symptoms such as autonomic and psychiatric symptoms. Therefore, the 
potential effects of non-motor symptoms on the effectiveness of MI-NFB also require 
consideration.

4.3 Summary

This section presented information regarding the physiotherapy practice of 
MI-NFB on the basis of its effects on stroke and PD patients; MI-NFB may be effective 
for stroke and PD caused by brain damage because it encourages the voluntary regula-
tion of brain activity. However, MI-NFB is not always effective for these neurological 
diseases because their symptoms differ among patients. The findings also indicate the 
need to develop a method for selecting patients for whom MI-NFB is indicated as well 
as new MI-NFB protocol that demonstrates a certain level of effectiveness regardless 
of the characteristics of the patients. With the establishment of additional evidence, 
MI-NFB may emerge as a standard approach in physiotherapy practice.

5. Conclusion

This chapter described MI-NFB findings from basic studies in healthy individuals 
and clinical studies in patients with neurological diseases. Many studies have shown 
that MI-NFB facilitates voluntary control of brain activity and improves motor per-
formance. The use of MI-NFB in combination with other techniques such as transcra-
nial stimulation and action observation has been shown to further enhance its effects. 
Although clinical studies on patients are still scarce, a certain level of effectiveness 
has been demonstrated. Therefore, MI-NFB may be an effective approach in the 
practice of physiotherapy. However, further evidence needs to be developed for the 
widespread use of MI-NFB; controlling the brain with MI-NFB may raise the level of 
physiotherapy practice.

Appendices and nomenclature

NFB neurofeedback
EEG electroencephalography
fMRI functional magnetic resonance imaging
MI-NFB motor imagery-based neurofeedback
M1 primary motor cortex
SMA supplementary motor area
ERD event-related desynchronization
KR knowledge of result
tDCS transcranial direct current stimulation
ME motor execution
FMA Fugl-Meyer assessment
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Chapter 9

Therapeutic Exercises in Fall 
Prevention among Older Adults
Olubusola Johnson, Christopher Akosile, Emeka Mong 
and Ukamaka Mgbeojedo

Abstract

Falls constitute a leading cause of injury-related mortality and morbidity, 
threatening the independence of older adults. Physical activity levels tend to decrease 
as the quality of life among older adults with an increasing fear of falls. Exercises 
of varying types are beneficial in preventing falls among older adults. Despite the 
assertion that therapeutic exercises are crucial in preventing falls among older adults 
and promoting their overall health, there is no evidence to favor any exercise type. 
However, exercise regimens address deficits and needs, plus recommendations exist 
for regular physical activity. This chapter focuses on falls among older adults. The 
authors discussed epidemiology, risks, and prevention of falls. Research evidence 
supports exercises in managing falls with increasing physical activities, quality of 
life, and reduced fall-related injuries and risks. The chapter highlights the benefits of 
multifaceted, single-intervention exercises and the Otago Exercise Programme.

Keywords: older adults, fall prevalence, fall risk, fall prevention, exercises

1. Introduction

Falls remain the third leading cause of chronic disability among older adults over 
65 [1]. Falls are common in older adults and portend serious problems including 
physical, injury-related, and psychological health challenges for older adults [2], lead-
ing to injury-related morbidity, mortality, and nursing home placement among this 
population [3]. Aging is associated with increased morbidity, increased fear of falling, 
and reduced activity, consequently impairing the quality of life of older people. Falls 
are prevalent among the elderly population. One in three community-dwelling people 
aged over 65 years falls each year [4, 5]. Burns, Stevens, and Lee [6] reported that one 
in four people would decrease yearly. Akosile et al. [7] similarly reported a prevalence 
rate of 27.8% among a sample of older adults in a Nigerian community.

Falls constitute a significant cause of fatal and nonfatal injuries among adults 
aged ≥65 years [8]. Several factors increase the risks of falls among older adults. Risk 
factors are intrinsic: related to an individual, and irrelevant: related to the environ-
ment. According to Bagiartana and Huriah [9], balance disorders in adults are the 
primary cause of falls, a significant health concern for older adults. Older people in 
nursing homes and hospitals also experience falls, which have multifactorial etiology. 
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Tinetti et al. [10] followed up with a large cohort of older adults. They identified 
increasing age, female gender, certain medications, history of falls, impaired balance, 
and lower extremity weakness as significant predictors of falls. In a prospective study 
of fall risk factors among community-dwelling older adults, muscle weakness, bal-
ance impairments, visual impairments, chronic diseases, and cognitive impairment 
had a significant association with increased risk of falls [11]. Falling is not always 
reported at hospitals, even though more than one out of four older people falls yearly. 
Burns, Steven, and Lee [6] said less than half of fall incidents get reported to doctors, 
and falling once makes you a perpetual faller [12].

In a systematic review, Park [13] reported that falls significantly cause injuries 
and death in people over 65 [14]. Their systematic review and meta-analysis of 
observational studies said that risk factors such as previous falls, impaired balance, 
gait disorders, lower extremity weakness, visual impairments, and polypharmacy 
were strongly associated with increased fall risk. Rubenstein [15] highlighted factors 
such as muscle weakness, gait and balance impairments, medications, visual impair-
ment, environmental hazards, chronic conditions, and cognitive decline as significant 
contributors to fall risk. Falls can result from a combination of risk factors rather 
than a single cause. Identifying and addressing these risk factors through appropri-
ate interventions, such as exercise programmes, home modifications, medication 
adjustments, and regular health assessments, can significantly reduce the risk of falls 
among older adults.

In a study among a community-dwelling sample of older adults, fear of falls 
was present in nearly one of every four older adults. Distribution is like that among 
individuals with actual falls [16]. Falls lead to injury and even death in older adults. 
Fear of falls increases among older adults, and their physical activity levels tend to 
decrease as age increases, leading to reduced quality of life [2]. According to King and 
King [2], midlife and older adults represent the most inactive portion of the studied 
population, and there exists a significant relationship between physical activity, fear 
of falls, and the quality of life of older adults [17].

Falls among older adults are very costly. Park [13] reported that falls are a sig-
nificant cause of injury and death in people over 65. In the USA, about $50 billion 
annually goes to medical costs related to nonfatal fall injuries, and $754 million is 
spent on fatal fall injuries [18]; this cost will increase as people live longer [19]. Martin 
et al. [20], in their systematic review of the modified Otago Exercise Programme 
(OEP), reported that using OEP-modified formats improved balance and functional 
ability. Kyrdalen et al. [21] asserted that the OEP, with its emphasis on strength and 
balance exercises, proved to be effective for fall prevention and reducing fall risks. 
The authors concluded that exercise interventions could reduce fall risks in older 
adults. Still, the value of different types of exercise activities differs for older adults, 
as evidence in the literature does not seem to favor any exercise [22].

Therapeutic exercise programmes, specifically for fall prevention, focus on 
improving strength, balance, flexibility, and coordination. Long-term exercise 
promotion is recommended for fall prevention. In addition to these physical benefits, 
therapeutic exercise programmes for fall prevention can positively affect older adults’ 
confidence, self-efficacy, and overall quality of life. Regular participation in these 
programmes can significantly reduce the risk of falls and their associated conse-
quences. This chapter focuses on falls among older adults, their impacts on aging 
and vice versa, and the evidence that exercises have been effective in falls, increasing 
physical activity, and quality of life in this population.
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2. Epidemiology of falls

Aging is a critical stage in human life characterized by a series of changes that 
occur in internal and external organs. These changes help humans adjust to their 
immediate surroundings. Improving health care and general life services through 
science and technology has increased the number of older persons. As people age, 
they experience significant public health concern that results, in most occurrences, in 
morbidity, cost of health care services, and mortality [23].

Fall is a significant public health concern among older adults, and a faller is 
someone who has a fall in a stipulated period of 6 months or 1 year [24]. According to 
Nabavi et al. [25], fall is one of the most common and severe problems among older 
adults. The World Health Organization sees a fall as an unexpected event where an 
individual falls to the ground from the same or higher level. It is an event that results 
in a person coming to rest accidentally on the ground, floor, or other lower level [26]. 
Older adults are often at risk of falls resulting in severe injuries or even death. Injury 
from falls in the aging adult population has become widely accepted as a critical 
health problem [27].

Falls are one of the leading causes of disability and death among older adults or 
the geriatric population [23, 28]. In a meta-analysis, Salari et al. [29] reported the 
global percentage of falls among older people from Asia, Europe, Africa, America, 
and Oceania to be 25.6%. The report showed that the highest prevalence rate of falls 
in older adults was 34.4% among Oceanians and 27.9% among Americans. Europe’s 
record fall among older adults was 23.4% and the lowest, followed by 25.4 and 25.8% 
prevalence rates among Africans and Asians, respectively.

Globally, the prevalence of falls in the older adult population in 2022 was 26.5%. In 
2012, Japan had a 20.9% prevalence rate of falls, against 15.9% in 2011 [30] and a 28% 
prevalence rate for Japan in 2018 [31]. Brazil report showed that falls are prevalent, 
with one in every three older adults experiencing more than one fall in 12 months 
[32]. In America, falls among adults 65 and older recorded 3 million emergency 
department visits, causing over 36,000 deaths in 2020 [33]. From Japan’s experience, 
there has been an increase in the number of fallers, which consequently places a more 
significant burden on care delivery, because of the attendant injuries and morbidity.

Africa also has an aging population, although slower than other world regions. By 
2050, the proportion of people aged 60 and older adults in Africa will increase from 5 
to 10 percent. The increase in the number of older adults may be dramatic, from 47.4 
million in 2005 to two billion by 2050 [34]. In Nigeria, a fall prevalence rate of 23% 
was reported in 2010, with females experiencing a higher prevalence (24%) of falls 
compared to males (17.9%) [35, 36]. In 2014, a prevalence rate of 27.8% was reported 
among older adults (65 years and above) in Nigeria [37]. Older adults in urban areas 
experience more falls than their counterparts in rural communities. Twenty-five 
percent (25.3%) of older adults in rural areas reported experiencing a fall within 
6 weeks, while a higher percentage of participants (41.3%) in urban communities 
reported experiencing a fall [37]. In a hospital-based study in Ghana, the prevalence 
of falls was 40.2% [38]. A study in Malawi reported the prevalence of falls in older 
adults as 41% [39]. There are very few articles published on the prevalence of falls in 
Africa. Nevertheless, the increasing adult population is likely a public health concern 
and a significant reason for emergency department attendance.

Falls are preventable but continue to be a leading cause of mortality, morbidity, 
and decreased quality of life among older adults already burdened by many other 
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conditions. Globally, the prevalence rate of falls in the aging adult population is at 
a rate of 1 in 4 or 25.6% prevalence. Oceania has the highest prevalence record of 
34.4%, the lowest prevalence rate for Europe at 23.4%, and fall prevalence in Africa is 
not different from that reported globally.

3. Risk factors for falls

Falls are one of the major causes of injuries, morbidity, and mortality among older 
adults, impacting older people’s quality of life [13] and resulting in social isolation 
[40]. Identifying the risk factors associated with falls is critical for preventing falls 
and their consequences [15, 41]. The risk of falls increases with age [42] and the 
number of risk factors in each person [43]. There are several risk factors for falls in 
older adults [44]. Risk factors for falls among older adults are multifactorial [26, 44]; 
and can be classified as extrinsic or intrinsic factors [45, 46] or modifiable and non-
modifiable risk factors.

Intrinsic (within-subject) risk factors are those factors related to the individual’s 
specific risk, such as demographic and biological factors, while extrinsic risk factors 
comprise environmental and behavioral factors [45]. Intrinsic risk factors include 
previous history of falls, age, gender, living alone, ethnicity, medical conditions 
and chronic illnesses, impaired mobility and gait, loss of foot sensation, sedentary 
lifestyle, psychological status, fear of falling, nutritional deficiencies, visual and 
cognitive impairments. In contrast, extrinsic risk factors include environmental 
factors (poor lighting, slick floors, slippery bathrooms, rough surfaces), footwear and 
clothing, and unsuitable walking aids [47, 48].

Modifiable risk factors refer to those risk factors that can be improved or alleviated 
with an intervention. In contrast, non-modifiable risk factors are those factors that 
cannot improve with intervention or any treatment [14, 43, 49]. However, most of the 
associated risk factors for falls and recurrent falls can be modified [42]. According to 
the American Geriatric Society/British Geriatric Society, modifiable fall risk factors 
include muscle weakness, imbalance, gait problems, polypharmacy, incontinence, 
mobility deficits, orthostatic hypotension, and syncope. In contrast, non-modifiable 
fall risk factors include age, female gender, history of prior falls, and certain chronic 
health conditions such as dementia, Parkinson’s disease, and stroke.

The World Health Organization (WHO) classified risk factors for falls into four 
categories: biological, behavioral, environmental, and socioeconomic factors [26]. In 
their systematic review and meta-analysis, Li et al. [50] found depression, history of 
falls, visual impairment, age, balance disorders, female gender, fear of falling, and 
dementia as risk factors for falls. Other authors have reported risk factors for falls as 
a history of previous falls, gait alterations, osteoporosis, loss of functional capacity, 
fear of future falls, cardiovascular problems, fatigue, and the environment [51, 52]; 
depression [53, 54]; cognitive impairment [55]; urinary incontinence [54]; polyphar-
macy (use of ≥ four drugs) [46, 53, 56–58]; visual impairments [54]; use of ambula-
tory devices [53]; comorbidities [54, 56–58] female gender [42, 54, 59]; diabetes 
mellitus [42, 59, 60], presence of balance or gait problems or foot abnormalities, and 
use of antihypertensive [42].

There is an association between diminished balance and reduced physical func-
tioning, plus an increased risk of falling among individuals over 65. Some environ-
mental factors, for example, poor lighting, clutter in and around the house, and 
improper footwear, are also risks for falls among older persons [43]. Falls often result 
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from a mixture of risk factors rather than a single cause. Identifying and addressing 
these risk factors through appropriate interventions that include exercise programmes 
can significantly reduce the risk of falls among older adults. The knowledge, under-
standing, and exploration of these risk factors would identify areas for improvement 
and inform targeted interventions that enhance fall prevention which is paramount to 
improving patient outcomes and reducing the burden of falls.

4. Therapeutic exercises in fall management

Therapeutic exercise is crucial in preventing falls among older adults and promot-
ing their overall health and well-being. Exercise interventions incorporating balance 
and strength are often components of fall prevention strategies. The effort is usually 
toward alleviating the numerous debilitating consequences using interventional 
strategies to prevent falls [61] and improving the overall well-being of older adults. 
According to [62], prevention of falls can decrease morbidity and mortality among 
older adults. Sherington et al. [63] reported that interventions that pose an increasing 
challenge to balance at a higher dose have better fall prevention effects.

Therapeutic exercise programmes for fall prevention focus on improving strength, 
balance, flexibility, and coordination. Howe et al. [64], in their update of a Cochrane 
review, concluded that weak evidence supports gait, balance, coordination, and 
functional tasks, strengthening exercises in managing older adults for balance in 2007. 
Reduced balance is associated with reduced physical functioning and an increased 
risk of falling. 3D and multiple exercises were moderately practical immediately 
post-intervention for balance outcomes in older people [64]. Furthermore, there was 
insufficient evidence on general physical activity like walking and exercise involving 
computerized balance programmes or vibration plates [64].

Effective fall prevention strategies are multifactorial interventions targeting 
specific risk factors and exercises for muscle strengthening with balance training. 
Weidermann et al. [65], in their meta-analysis on exercise-based reduction of falls, 
concluded that physical activity and balance exercise are the most effective and 
rated isolated postural control above multifactorial approaches among community-
dwelling older adults.

Research interest in fall prevention intervention began in the 1970s in developed 
countries. The Center for Disease Control and Prevention (CDC) included information 
on effective fall prevention interventions in the third edition of the Compendium [66]. 
Evidence shows that suitably and adequately recommended interventions can prevent 
falls [1]. Exercise is an evident preference as a fall prevention intervention because 
defective muscle strength and poor postural control increase fall risks but improve 
with exercise [64, 67]. Research shows that numerous studies have evaluated differ-
ent exercise programmes to prevent falls. Exercise is a cost-effective fall prevention 
strategy [68] and is effective when delivered in a group or individualized setting [69].

The 4th edition of the Centers for Disease Control and Prevention (CDC) 
Compendium classifies single and multifaceted interventions [70]. Cuevas-Trisan 
[62] reported the effectiveness of multidimensional intervention strategies for falls. 
Multifaceted interventions that incorporate exercise have been proven effective in fall 
prevention. Multifaceted interventions include therapeutic exercise programmes for 
fall prevention, containing a combination of different forms of exercise to address 
multiple risk factors simultaneously. These programmes may include education on fall 
prevention strategies, such as home safety modifications and proper footwear. In their 
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systematic review with meta-analysis, Hopewell et al. [71] reported that exercise is 
the most common component, including multifaceted interventions for preventing 
falls in older adults. Individually tailored fall prevention exercise programmes are 
more common than general programmes.

Multifaceted or multi-component interventions are designed to address multiple 
fall risk factors by providing participants with two or more individually tailored 
intervention plans following a pre-executed personalized fall risk assessment. These 
interventions may include components such as assistive technology, environmental 
assessment with modifications, quality improvement strategies, and basic fall risk 
assessments [70, 72]. These strategies had varied combinations of the following 
interventions: exercise, home/environmental assessment and modification, educa-
tion, psychological interventions, medication modification/management, vision 
management, urinary incontinence management, fluid or nutrition therapy includ-
ing calcium and vitamin D supplementation, sunlight exposure, surgery, referral to 
appropriate specialists, hip protection. Exercise management of falls is a common 
denominator often complemented by other interventions to create a comprehensive 
approach that addresses the broader factors contributing to falls.

A good number of studies with multifaceted intervention strategies have reported 
significant positive effects on falls [73–75]. Some other studies reported no significant 
impact of multifaceted interventions on falls [76, 77], while another study found no 
apparent overall effects of these interventions on falls [78]. A standard, consistent 
component of multiple interventions significantly associated with reducing the 
number of fallers and falls rate were exercise, assistive technology, environmental 
assessment with modifications, quality of life improvement strategies, and basic fall 
risk assessment. Multifaceted interventions were associated with a reduction in fall 
rate [RR 0.87; 95% CI 0.80–0.95] but not with a decrease in the number of fallers [RR 
0.95; 95% CI 0.89–1.01] [79].

Exercise management of falls is a common denominator often complemented by 
other interventions to create a comprehensive approach that addresses the broader 
factors contributing to falls. Single intervention strategies for falls include exercises; 
cognitive behavioral therapies, environmental or home modification, cognitive-motor 
interference; manual therapy; virtual reality games; interactive-motor interventions, 
mind-body interventions involving meditative movements, podiatry, vision inter-
vention, and fall hazard identifications [80–84]. Dautzenberg et al. [79], in a recent 
meta-analysis with 192 studies, said that single intervention exercises were signifi-
cantly associated with a reduction in falls rate (RR 0.79; 95% CI 0.73–0.86).

According to the CDC compendium, some single intervention exercises for 
falls were reported: Simplified Tai Chi, Wolf, et al. [85]; Tai Chi: Moving for Better 
Balance, Li et al. [86]; The Otago Exercise Programme, Campbell et al. and Robertson 
et al. [87–89]; Adapted Physical Activity Programme, Kovacs et al. [90]; Freiberger 
et al. [91]; Falls Management Exercise [FAME] Intervention, Skelton et al. [92]; 
LiFE (Lifestyle Approach to Reducing Falls Through Exercise), Clemson et al. [93]; 
Multi-target Stepping Programme, Yamada, et al. [94]; Senior Fitness and Prevention 
[SEFIP], Kemmler et al. [95]; Stay Safe, Stay Active, Barnett et al. [96]; Strength and 
Exercise Programme, Kim et al. [97]; PreFalls (Prevent Falls) Programme, Siegrest 
et al. [98].

The Otago Exercise Programme [OEP] is widespread. It is one of the most tested 
fall prevention programs by the Centers for Disease Control and Prevention [20, 99]. 
OEP increases balance and strength, and decreases fall rates, with several other 
health benefits for older people [100], with a 35% reduction in falls proven [100]. 
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In its original form, the exercise programme comprises individually tailored strength, 
balance, and endurance exercises plus home-based support, and additional follow-up 
by telephone over a total exercise period of 1 year. Exercises are performed three times 
per week, with extra walks twice weekly.

The OEP also positively affected health outcomes when performed two times per 
week [101]. Dadgari et al. [102] reported that in the experimental group, the mean 
fall incidence declined from 1.58 to 1.26 from pre- to post-intervention assessment, 
showing that the Otago exercise programme significantly reduced the incidence of 
falls. Findings from Kiik et al. [103] showed that the Otago training significantly 
reduced the risk of falling among the studied older adults (p = 0.041). The risk of falls 
in the intervention group decreased from 14.26 to 12.05 s and increased from 12.94 to 
13.26 s in the control group. In their scoping review, Mgbeojedo et al. [104] reported 
that when the OEP was administered in either group setting or on an individual-
ized basis, it effectively reduced falls. Additionally, balance, strength, mobility, and 
health-related quality of life within the community and institutionalized older adults 
were improved.

Regular walking has been suggested as a complement to increase physical activ-
ity levels [105]. However, for active and healthy older people with a low fall risk, the 
OEP’s goal to reduce falls may not be sufficiently challenging [106]. This phenomenon 
highlights the importance of identifying older people who will benefit from fall 
prevention exercise programmes such as the OEP. The OEP is empirically supported 
single intervention for fall prevention: a stand-alone programme comprising four 
home visits over 8 weeks, according to the following schedule: weeks 1, 2, 4, and 8 
[107]. It consists of leg muscle strengthening, balance retraining exercises progressing 
in difficulty, and a walking plan. Each person receives a booklet with instructions for 
each exercise prescribed and ankle cuff weights (starting at 1 kg) to provide resis-
tance for the strengthening exercises. The OEP programme takes about 30 minutes 
to complete. To help them adhere to the programme, participants record the days 
they end it, and the instructor telephones them each month between home visits. 
Follow-up home visits are conducted every 6 months.

The key components of therapeutic exercise are balance and stability exercises 
which aim to improve balance and stability by targeting the core muscles, and the 
lower body. Strengthening exercises for muscle strength are essential for maintain-
ing balance and stability. Stretching exercises help improve and maintain flexibility 
and range of motion in joints, which enhance mobility, and reduce the risk of falls, 
progressive challenges, and task-specific training. Task-specific training involves 
practicing daily activities that older adults commonly encounter, such as stepping 
over obstacles, reaching for objects, or navigating stairs. These exercises reduce the 
risk of falls among older adults and have been effective in multifaceted and single 
programmes with an individual approach.

5. Conclusion

Falls are a significant public health concern. Individualized and multifaceted 
exercise programmes are essential fall prevention strategies, reducing fall risk and 
improving the overall well-being of older adults. The current trend in exercise 
management of falls among older adults focuses on evidence-based and multifaceted 
approaches that integrate various components to address multiple risk factors tailored 
to individual needs. Despite the efforts in place, fall prevalence continues to increase 
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globally. One in three older adults falls once a year, one in four are recurrent fallers, 
and older adults experience fear of falling with or without a history of falling. This 
trend warrants public health attention globally. Assessing the risks of falls as part of 
routine health care for older adults is necessary.
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Chapter 10

Orthopedic Applications: 
Advancing Physiotherapy in 
Musculoskeletal Health
Harshavardhan Sai Sadineni

Abstract

Orthopedic physiotherapy is pivotal in musculoskeletal healthcare, addressing 
diverse musculoskeletal system conditions. This article provides a comprehensive 
overview of orthopedic physiotherapy, covering historical evolution, evidence-based 
principles, diagnostic assessments, therapeutic modalities, exercise prescriptions, 
post-operative considerations, specialized interventions, technological integration, and 
patient education. It emphasizes the criticality of evidence-based practice, diagnostic 
precision, and tailored rehabilitation regimens in achieving optimal patient out-
comes. Integrating technology, including advanced imaging modalities and wearable 
devices, enhances diagnostics, treatment planning, and patient engagement. Patient 
education and self-management strategies empower individuals to participate in their 
rehabilitation journey actively. This article underscores the evolving landscape of 
orthopedic physiotherapy, with ongoing collaboration between clinicians, research-
ers, and technology reshaping musculoskeletal healthcare.

Keywords: orthopedic physiotherapy, musculoskeletal disorders, evidence-based 
practice, technological integration, patient education

1. Introduction

Orthopedic physiotherapy is a pivotal branch within the broader field of physio-
therapeutic practice, focused on assessing, diagnosing, and managing musculoskel-
etal disorders, involving a comprehensive approach to restoring optimal function, 
relieving pain, and improving the quality of life for individuals afflicted by a vast 
array of orthopedic conditions.

Ancient Greece is a foundational period, with luminaries like Hippocrates 
acknowledging the pivotal role of movement and exercise in joint health. In this era, 
specific exercises, massage techniques, and hydrotherapy were prescribed to address 
musculoskeletal issues, such as joint dislocations and fractures. Fast-forward to the 
nineteenth and early twentieth centuries, and we encounter remarkable pioneers 
who propelled orthopedic physiotherapy into a formalized medical specialty. Sister 
Elizabeth Kenny in Australia and Thomas Bertrand in the United States made pio-
neering contributions. Sister Kenny introduced groundbreaking techniques, particu-
larly for polio treatment [1].
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The mid-twentieth century they have marked another key juncture, with influ-
ential figures like Dr. James Cyriax in the United Kingdom playing a central role in 
advancing the field. Dr. Cyriax’s work significantly contributed to understanding 
musculoskeletal conditions and developing specialized manual therapy techniques 
[2]. These innovations laid a solid foundation for the precise diagnosis and targeted 
interventions that define orthopedic physiotherapy today.

In recent years, technology has profoundly influenced orthopedic physiotherapy. 
Tools such as wearable devices, virtual reality simulations, and telehealth platforms 
have expanded treatment options and patient engagement. In this era of patient-
centered care, patient education holds immense importance, comprising proper body 
mechanics, ergonomics, lifestyle modifications, and strategies to minimize the risk of 
injury or exacerbation of symptoms.

2. Understanding musculoskeletal disorders

Musculoskeletal disorders (MSDs) represent a broad spectrum of pathological 
conditions that affect bones, joints, muscles, tendons, ligaments, and connective 
tissues. The symptoms exhibited by individuals with MSDs are as diverse as the 
conditions themselves. For instance, Osteoarthritis (OA), the most common form of 
arthritis, frequently presents with symptoms such as joint pain (arthralgia), crepitus 
(crackling or grinding sensations within the joint), stiffness, and a gradual loss of 
joint cartilage, which results in joint space narrowing. As OA advances, patients may 
also experience joint stiffness after rest periods, often called the “gelling phenom-
enon,” and joint effusion due to synovial inflammation [3].

This condition is further marked by functional impairment, including reduced 
range of motion and muscle weakness, along with the development of osteophytes 
(bony outgrowths) at joint margins. In contrast, Rheumatoid Arthritis (RA), an 
autoimmune MSD, manifests with symptoms such as joint inflammation (synovitis) 
leading to symmetric polyarthritis (affecting multiple joints on both sides of the 
body), morning stiffness that lasts for more than 30 minutes, and joint deformities 
resulting from the erosion of cartilage and bone. Patients with RA may also experi-
ence systemic symptoms, including fatigue, fever, and extra-articular manifestations, 
encompassing rheumatoid nodules, vasculitis, and lung involvement.

Musculoskeletal disorders (MSDs) constitute a substantial global health burden, 
affecting over 1.3 billion people worldwide and ranking as the leading cause of 
disability, leading to 121.3 thousand deaths and 138.7 million Disability-adjusted life 
years (DALYs), according to the World Health Organization (WHO) [4]. The direct 
and indirect economic costs associated with MSDs were $1.5 and $1.1 billion in 2007 
[5]. Moreover, studies have shown that individuals suffering from chronic MSDs 
experience reduced mobility, increased pain, and diminished overall quality of life.

One of the primary categories of MSDs is degenerative disorders. Among these 
conditions, osteoarthritis is a highly prevalent musculoskeletal disorder, making it 
one of the most common joint diseases. Its significance lies in its substantial contribu-
tion to pain, disability, and economic costs. Osteoarthritis primarily affects weight-
bearing joints such as the hips, knees, and spine. Another degenerative disorder is 
degenerative disk disease, which affects the intervertebral disks of the spine, causing 
chronic back pain and potential nerve compression.

Inflammatory disorders, such as rheumatoid arthritis, arise from an autoimmune 
response targeting the synovial membranes of joints. This results in inflammation, 
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pain, swelling, and joint deformities. Rheumatoid arthritis has systemic effects, impact-
ing multiple organs and systems beyond the joints. Ankylosing spondylitis, another 
inflammatory disorder, predominantly affects the spine, leading to spinal fusion, 
reduced mobility, and postural abnormalities, such as an exaggerated forward stoop 
known as kyphosis and the loss of the normal lumbar curvature (lordosis), which can 
significantly impact an individual’s quality of life and daily functioning.

Acute and chronic traumatic injuries contribute significantly to the spectrum of 
MSDs. Fractures, dislocations, sprains, and strains can result from accidents, sports 
injuries, or repetitive overuse. These injuries often require comprehensive manage-
ment to ensure proper healing, restore function, and prevent long-term complica-
tions. Tendonitis and tenosynovitis, characterized by inflammation of tendons 
and their surrounding structures, encompass various types and examples. Achilles 
tendonitis, affecting the Achilles tendon at the back of the ankle, and lateral epicon-
dylitis, commonly known as tennis elbow, are well-recognized forms. Additionally, 
de Quervain’s tenosynovitis, impacting the tendons of the thumb, and rotator cuff 
tendonitis, affecting the shoulder, are among the frequently encountered variations 
of these chronic overuse injuries.

Alignment and postural disorders are also noteworthy contributors to MSDs. 
Conditions such as scoliosis, kyphosis, and lordosis involve abnormal spinal curva-
ture, often leading to asymmetry, pain, and compromised respiratory function. Poor 
posture, frequently exacerbated by prolonged periods of sitting and excessive screen 
use, can result in muscle imbalances that lead to specific limitations. These limitations 
often include a decreased range of motion in joints, particularly in the neck, shoulders, 
and lower back, and compromised spinal alignment, resulting in conditions like 
forward head posture or increased thoracic kyphosis. Such postural issues can escalate 
into chronic pain, including neck and back pain, headaches, and shoulder discomfort.

Understanding the pathophysiology of MSDs is essential for effective manage-
ment. Genetic predisposition, biomechanical factors, systemic inflammation, 
and environmental influences contribute to the development of these disorders. 
Inflammation causes the initiation and progression of numerous musculoskeletal 
disorders. This cascade begins with releasing inflammatory cytokines, such as Tumor 
necrosis factor-alpha (TNF-α) and Interleukin-1 beta (IL-1β), often triggered by 
factors like tissue injury or infection. These cytokines serve as signaling molecules, 
attracting immune cells, primarily neutrophils and macrophages, to the site of injury 
or inflammation.

Upon arrival, immune cells release enzymes like Matrix metalloproteinases 
(MMPs) and inflammatory mediators, perpetuating tissue damage by degrading 
extracellular matrix components like collagen and proteoglycans in joint cartilage. 
Simultaneously, activated immune cells can initiate an autoimmune response, as 
observed in conditions like rheumatoid arthritis, where immune cells mistakenly 
target and attack synovial tissues.

Furthermore, the inflammatory milieu within affected joints amplifies pain sig-
naling. Nociceptive nerve endings become sensitized due to the release of substances 
like bradykinin and prostaglandins, heightening pain perception. Additionally, the 
inflammatory process can lead to the formation of pannus, an invasive synovial 
tissue, which erodes cartilage and bone, altering joint structures and exacerbating 
functional impairment. These molecular and cellular interactions emphasize the need 
for targeted anti-inflammatory therapies in their management.

Diagnosing and managing MSDs involves a comprehensive approach, includ-
ing clinical evaluation, imaging studies, and laboratory tests. Clinical assessments 
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encompass history-taking, physical exams, and functional tests to identify impair-
ments and their impact. Imaging techniques like X-rays, Magnetic resonance imaging 
(MRI), and ultrasound aid in precise diagnoses. MSD management is multidisci-
plinary, with orthopedic physiotherapy at its core. Tailored treatment plans include 
non-pharmacological interventions such as exercise therapy and manual techniques, 
complemented by medications like Non-steroidal anti-inflammatory drugs (NSAIDs) 
and Disease-modifying antirheumatic drugs (DMARDs). Surgical interventions may 
be necessary for joint replacements, followed by post-operative rehabilitation.

3. Principles of evidence-based practice in physiotherapy

Evidence-based practice (EBP) is the cornerstone of modern healthcare, provid-
ing a systematic framework for clinical decision-making allowing practitioners to 
offer optimal care based on research, clinical expertise, and patient preferences. At 
its core, it emphasizes the integration of three essential components: external clinical 
evidence, clinical expertise, and patient values.

External clinical evidence is derived from high-quality research studies, includ-
ing randomized controlled trials, systematic reviews, and meta-analyzes. These 
studies are designed to rigorously evaluate the efficacy and safety of various inter-
ventions, allowing clinicians to make informed decisions about the most appropri-
ate treatment approaches for specific conditions. The critical appraisal of research 
studies is a skill that physiotherapists must cultivate to determine the reliability and 
applicability.

Another crucial aspect is clinical expertise gained through years of education, 
training, and experience. Physiotherapists bring their unique understanding of 
anatomy, biomechanics, and patient interactions to decision-making, allowing 
practitioners to adapt interventions based on individual patient needs, comorbidi-
ties, and potential contraindications. Incorporating patient values and prefer-
ences recognizes that each patient has unique goals, values, and expectations. 
Practitioners can tailor interventions to various lifestyle and treatment goals by 
involving patients in decision-making. This enhances patient satisfaction and 
adherence to treatment plans.

Clinical questions are structured using the Patient, Intervention, Comparison, 
Outcome (PICO) framework, helping refine the inquiry’s focus. Once the question 
is formulated, a systematic literature search is conducted, and a critical appraisal 
of these studies follows, evaluating their methodological rigor, validity, and 
applicability to clinical practice. The synthesis of evidence involves weighing the 
results of multiple studies to conclude. This synthesis may take the form of system-
atic reviews or meta-analyzes to provide a comprehensive overview of the avail-
able evidence. Based on the evidence synthesis, physiotherapists make informed 
decisions about treatment approaches, considering each option’s benefits, risks, 
and feasibility.

As new research emerges and treatment guidelines evolve, physiotherapists 
must stay updated to ensure their practice remains aligned with the latest evidence. 
Continuing education, attending conferences, and participating in peer discussions 
are all strategies that facilitate the integration of new knowledge and skills into clini-
cal practice. Through a commitment to ongoing learning and critical appraisal, phys-
iotherapists uphold the highest standards of care, advancing the field and enhancing 
the well-being of those they serve.
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4. Assessment techniques for orthopedic conditions

Accurate and thorough assessment forms the bedrock of effective orthopedic 
physiotherapy. A diverse array of assessment techniques, ranging from clinical 
examinations to advanced imaging technologies, helps decipher the intricacies of 
orthopedic conditions and devise targeted interventions.

Clinical assessments are the initial step, involving comprehensive history-taking 
and physical examination to establish an understanding of the patient’s condition. 
The patient’s medical history, including past injuries, surgeries, and relevant medical 
conditions, provides context for the current musculoskeletal complaint. The physical 
examination encompasses evaluating the joint range of motion, muscle strength, and 
functional movement patterns and identifying areas of pain or discomfort.

Functional movement assessments encompass various specialized tests, each 
serving a specific purpose. The Functional Movement Screen (FMS), developed by 
Gray Cook, is a notable example [6]. It evaluates fundamental movement patterns 
and identifies any imbalances or dysfunctions. By pinpointing areas of weakness or 
asymmetry, physiotherapists can design exercise regimens tailored to address these 
vulnerabilities, reducing the risk of future injuries.

Sport-specific functional assessments dive deep into the specific demands of 
a particular sport, analyzing an athlete’s movement patterns and biomechanics 
about their chosen activity. For instance, in soccer, the FIFA 11+ program is an 
evidence-based assessment and exercise regimen designed to reduce the risk of 
soccer-related injuries [7]. By identifying areas of weakness or improper technique 
that may predispose athletes to injuries, physiotherapists can tailor interventions 
and exercise programs to enhance performance and significantly reduce the risk of 
sports-related injuries.

Through comprehensive gait analysis, physiotherapists can detect abnormali-
ties or compensatory movements that may lead to joint stress or pain. For example, 
3D motion analysis systems like Vicon provide precise and quantitative data on gait 
mechanics. Subsequently, physiotherapists can devise personalized interventions and 
exercise programs to correct gait issues.

Functional assessments have garnered substantial attention due to their capac-
ity to uncover specific movement deficiencies and their direct application in injury 
prevention and rehabilitation strategies. Researchers like Dr. Phil Plisky have further 
advanced the understanding of functional assessments’ efficacy in reducing injury 
risk and improving overall musculoskeletal health [8].

By manually palpating muscles, tendons, ligaments, and joints, physiotherapists 
can identify areas of tenderness, muscle spasms, and tissue abnormalities. It involves 
a gentle and systematic technique to assess the skin and superficial tissues. Gradually, 
they delve deeper into the anatomy, evaluating underlying structures meticulously. 
Bilateral comparison of corresponding structures on both sides of the body helps 
them uncover disparities in muscle tone, tenderness, or joint mobility. Accurate 
anatomical landmark identification is integral; for instance, when examining the 
knee, palpating the patellar tendon insertion at the tibia’s tuberosity provides critical 
insights into its condition and function.

Texture and temperature evaluation are vital. Inflammation, for example, can 
manifest as warmth in the affected area and may lead to changes in tissue texture, 
such as swelling or fibrosis. Muscle tone assessment through palpation unveils valu-
able information about muscle spasms, trigger points, and regions of hypertonicity or 
hypotonicity. The presence of palpable knots or nodules within a muscle, for instance, 
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may indicate the existence of trigger points, shedding light on potential sources of 
pain or discomfort.

Furthermore, palpation is instrumental in evaluating joint mobility. 
Physiotherapists employ this technique to detect restricted joint motion or the pres-
ence of crepitus—those telltale crackling or popping sensations that can hint at joint 
dysfunction, such as osteoarthritis or ligamentous instability. Distinguished figures 
in physiotherapy, such as Dr. Shirley Sahrmann, have significantly contributed to the 
refinement and understanding of palpation techniques, particularly in musculoskel-
etal assessment [9].

A diverse array of specialized tests is meticulously designed to provoke or repro-
duce symptoms, providing crucial insights for accurate diagnosis and tailored treat-
ment. The Straight Leg Raise Test, a cornerstone in diagnosing nerve root irritation, 
is often seen in conditions such as herniated disks or sciatica. During the test, the 
patient lies supine, and the physiotherapist gently raises the patient’s straightened leg. 
If the elevation of the leg elicits radiating pain along the sciatic nerve pathway, it can 
strongly indicate nerve compression or irritation.

The Apprehension Test is particularly relevant in diagnosing shoulder instability, 
where the shoulder joint is prone to dislocation. In this test, the physiotherapist gently 
rotates the patient’s arm, placing stress on the anterior shoulder joint. If the patient 
experiences apprehension or discomfort during this maneuver, it suggests instability, 
signifying the potential for dislocation.

The McMurray Test is focused on diagnosing meniscal injuries in the knee joint, a 
crucial assessment tool. During the test, the physiotherapist flexes the patient’s knee 
while externally rotating the leg and applying varus or valgus stress. If the patient 
experiences a clicking or popping sensation, it may indicate a meniscal tear. The 
Apley’s Compression Test aids in diagnosing meniscal or ligamentous injuries in the 
knee. The physiotherapist applies downward compression on the patient’s knee while 
rotating the tibia. Pain or discomfort during this maneuver can suggest issues like 
meniscal tears or ligamentous damage.

The Lachman Test is a central assessment in diagnosing anterior cruciate liga-
ment (ACL) injuries in knee injuries. The physiotherapist stabilizes the patient’s 
femur while applying anterior force to the tibia. Increased anterior tibial translation 
compared to the uninjured knee can indicate ACL damage. The Phalen’s Test is used 
in diagnosing carpal tunnel syndrome, a common condition affecting the wrist. The 
physiotherapist flexes the patient’s wrists and briefly holds them in a neutral position. 
Tingling or numbness in the median nerve distribution can indicate carpal tunnel 
syndrome.

To assess biceps tendon pathology in the shoulder, the Speed’s Test requires the 
patient to flex their shoulder against resistance actively. Pain or discomfort in the 
bicipital groove may suggest issues like tendinitis or biceps tendon tears. Prominent 
researchers and practitioners like Dr. James Andrews and Dr. Stuart McGill have 
contributed significantly to the understanding and refining of these specialized tests, 
further enhancing their utility in orthopedic physiotherapy.

Advanced imaging modalities offer deeper insights into orthopedic conditions. 
X-rays provide detailed views of bone structures, aiding in diagnosing fractures, joint 
degeneration, and alignment abnormalities. Magnetic resonance imaging (MRI) 
offers high-resolution images of soft tissues, enabling the visualization of ligaments, 
tendons, cartilage, and internal joint structures. Ultrasound is another valuable tool 
for visualizing soft tissues in real-time, assisting in assessing muscle injuries, tendon-
itis, and bursitis.



163

Orthopedic Applications: Advancing Physiotherapy in Musculoskeletal Health
DOI: http://dx.doi.org/10.5772/intechopen.1003098

Objective measurement tools, such as goniometers and inclinometers, enhance 
the precision of orthopedic assessments. Isokinetic dynamometers measure muscle 
strength across various joint movements, identifying muscular imbalances and 
guiding the design of targeted strength training regimens. Three-dimensional motion 
analysis systems, exemplified by technologies like Vicon, offer a comprehensive view 
of joint movements in three dimensions. Whether it’s assessing the intricate mechan-
ics of a runner’s stride or the intricacies of a baseball pitcher’s throw, these systems 
enable detailed and medically specific evaluations.

Electromyography (EMG), like the Noraxon EMG system, allows for the real-time 
measurement of muscle activity, empowering physiotherapists to pinpoint areas of 
dysfunction, identify muscle imbalances, and design interventions that precisely tar-
get optimal muscle activation [10]. Whether analyzing the firing patterns of muscles 
in patients with neuromuscular disorders or optimizing the rehabilitation of athletes 
recovering from injuries, EMG offers medically specific data that inform tailored 
treatment plans.

Psychosocial assessments recognize the interplay between psychological factors 
and musculoskeletal health. Pain perception, fear avoidance behaviors, and psycho-
logical distress can significantly influence the experience and progression of orthope-
dic conditions.

Functional outcome measures are often facilitated through questionnaires and 
standardized scales that span a spectrum of parameters, encompassing pain intensity, 
functional limitations, and overall quality of life. One widely employed outcome 
measure is the Visual Analog Scale (VAS), which quantifies pain intensity on a scale 
from 0 to 10, thereby serving as a vital baseline for treatment planning and progres-
sion monitoring.

The Western Ontario and McMaster Universities Osteoarthritis Index (WOMAC) 
is specifically tailored to assess hip and knee osteoarthritis; this questionnaire delves 
into pain, stiffness, and physical function [11]. The Disabilities of the Arm, Shoulder, 
and Hand (DASH) questionnaire is instrumental in evaluating upper extremity 
musculoskeletal disorders and exploring the impact of these conditions on an indi-
vidual’s ability to perform various activities aids in devising targeted interventions. 
The Lower Extremity Functional Scale (LEFS) is used for patients with lower limb 
injuries or disorders. It assesses functional limitations in individuals with conditions 
affecting the lower extremities, aiding in formulating rehabilitation plans tailored to 
each patient’s unique needs.

Moreover, in spinal conditions, the Oswestry Disability Index (ODI) is invaluable. 
Specifically designed for individuals with low back pain, it quantifies the impact of 
pain on various aspects of daily life, from walking to sleeping. From clinical evalua-
tions and functional movement assessments to advanced imaging technologies and 
objective measurement tools, the information guides the development of individual-
ized treatment plans that address each patient’s needs and optimize musculoskeletal 
health outcomes.

5. Therapeutic modalities and techniques in orthopedic physiotherapy

Orthopedic physiotherapy encompasses therapeutic modalities and techniques to 
alleviate pain, improve function, and enhance the musculoskeletal health of individu-
als with various orthopedic conditions. This diverse array of interventions draws upon 
traditional and innovative approaches.
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A hands-on approach, manual involves skilled techniques applied to joints, 
soft tissues, and other structures to restore mobility, alleviate pain, and enhance 
tissue healing. Joint mobilizations and manipulations, for instance, are employed to 
improve joint range of motion, reduce stiffness, and promote synovial fluid circula-
tion. Soft tissue mobilizations, such as myofascial release and trigger point therapy, 
target muscle tension and adhesions, facilitating tissue relaxation and enhancing 
blood flow.

Customized exercise programs address muscle imbalances, enhance joint sta-
bility, and improve functional capacity. Strengthening exercises target specific 
muscle groups to address weakness and restore muscular balance around joints. 
Incorporating proprioceptive and neuromuscular retraining exercises into a rehabili-
tation program can be instrumental in restoring coordination, balance, and motor 
control, all essential for functional movements and injury prevention.

Functional movement assessments guide the selection of therapeutic exercises 
by identifying movement dysfunctions and compensatory patterns. Moreover, 
progressive loading and resistance adjustments are made as the patient’s condition 
improves, facilitating muscle strengthening, joint stability, and overall functional 
enhancement. Manual therapy and exercise interventions often synergize with pain 
management strategies. Manual traction and neural mobilizations target nerve-
related pain by relieving nerve compression and promoting glide. Pain modulation 
strategies, including heat, cold, or electrical stimulation, contribute to pain relief 
and tissue healing.

Telehealth platforms, like Telerehab, have emerged as powerful tools, enabling 
remote consultations that transcend geographical constraints. These platforms 
allow Patients to access expert guidance, exercise regimens, and real-time progress 
tracking. Wearable devices and sensors, such as the Myo armband and gait analysis 
systems like the Gait real-time analysis interactive lab (GRAIL), have revolutionized 
orthopedic physiotherapy by enabling real-time monitoring of movement patterns 
and biomechanics [12]. These technologies offer quantitative insights into patients’ 
physical activities and aid in the early identification of aberrant movement patterns. 
Patients engage in therapeutic exercises within virtual environments, like the Oculus 
Rift, enhancing motivation and significantly improving adherence to prescribed 
regimens. This gamified approach to rehabilitation holds great potential.

Hydrotherapy, or aquatic therapy, offers a unique therapeutic environment for 
orthopedic rehabilitation. The buoyancy of water reduces joint loading, allowing 
patients to perform exercises with less impact on injured or painful areas. Water resis-
tance adds a strengthening component to exercises, contributing to muscle activation 
and cardiovascular fitness. Hydrotherapy is particularly beneficial for conditions 
involving weight-bearing joints, such as the spine, hips, knees, and ankles.

Orthopedic physiotherapists harness a variety of manual techniques to address 
specific conditions. Mulligan’s concept of mobilizations with movement (MWM) 
combines passive joint mobilization with active, pain-free movements, promoting 
immediate improvements in joint mechanics and functional outcomes [13]. The 
McKenzie method focuses on patient-specific mechanical assessment and exercise 
prescription to manage spinal conditions and address radicular symptoms.

Instrument-assisted soft tissue mobilization (IASTM) utilizes specialized tools to 
target adhesions and scar tissue within soft tissues. This technique improves tissue 
flexibility, reduces pain, and enhances movement [14]. Similarly, kinesio-taping 
involves the application of elastic tape to muscles and joints to provide support, 
enhance proprioception, and facilitate lymphatic drainage.
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By harnessing the power of these various modalities, practitioners empower 
individuals to overcome orthopedic challenges, optimize functional outcomes, and 
ultimately enhance their overall quality of life.

6. Exercise prescription for musculoskeletal rehabilitation

Exercise prescription guides recovery, strength enhancement, and functional 
improvement. Tailoring exercise regimens to individuals’ unique needs, goals, and 
pathologies requires a deep understanding of anatomy, biomechanics, and the prin-
ciples of exercise science. Exercise selection is based on specificity, overload, progres-
sion, and individualization. Specificity dictates that exercises should target the muscles, 
joints, and movement patterns directly relevant to the individual’s condition. Overload 
involves progressively challenging the body’s capacities to induce physiological adapta-
tions. Progression ensures that exercises evolve as the patient’s strength, endurance, and 
mobility improve. Individualization tailors exercise to the patient’s physical capabilities, 
ensuring that the prescribed regimen is neither too strenuous nor too easy.

Therapeutic exercise regimens often include three primary categories of exercises: 
flexibility, strength, and neuromuscular control. Flexibility exercises enhance joint 
range of motion and tissue extensibility, preventing stiffness and promoting overall 
joint health. Stretching techniques, including static, dynamic, and proprioceptive 
neuromuscular facilitation (PNF) stretching, play a role in maintaining or improving 
flexibility.

Strength exercises form a core component of musculoskeletal rehabilitation. 
Strengthening weak muscles and addressing muscular imbalances is essential to enhance 
joint stability and prevent future injuries. Resistance training, involving free weights, 
machines, resistance bands, or body weight, challenges muscles to generate force against 
resistance. Eccentric training, focusing on the lengthening phase of muscle contraction, 
is often employed to manage tendinopathies and enhance tendon health.

Neuromuscular control exercises enhance proprioception, coordination, and 
motor control. Balance training, functional movements, and proprioceptive exercises 
challenge the body’s ability to maintain equilibrium and control movement. Volume 
refers to the total amount of exercise performed, encompassing sets, repetitions, and 
duration. Intensity involves the effort expended during exercises and can be adjusted 
through factors like resistance, load, or difficulty. Frequency determines how often 
exercise sessions are performed, considering recovery and adaptational capacities.

Progression within exercise prescription is essential for continuous improvement. 
Incremental adjustments are made to exercise variables to ensure ongoing adaptation. 
Gradually increasing resistance, repetitions, or exercise complexity challenges the 
body and fosters strength gains. Progression is guided by the patient’s response to 
exercise and ability to tolerate increased loads.

Periodization strategies organize exercise programs into distinct phases to optimize 
long-term progress. These phases often include preparatory, strength-building, and 
maintenance phases. Periodization allows for systematic progression, recovery, and 
avoidance of plateaus, ensuring sustained improvements in musculoskeletal health.

Physiotherapists educate patients on proper exercise technique, form, and alignment 
to minimize the risk of injury and enhance exercise effectiveness. Teaching patients 
to self-monitor their exertion levels and recognize overexertion signs ensure safe and 
successful exercise sessions. Motivation and adherence are often seen when patients find 
their exercise programs enjoyable and aligned with their aspirations. Engaging patients 
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in shared decision-making empowers them to take ownership of their rehabilitation 
journey and fosters collaboration between the patient and the physiotherapist.

7. Post-operative rehabilitation: orthopedic considerations

Post-operative rehabilitation is crucial in optimizing outcomes and restoring 
function. The surgical techniques, tissue healing, and rehabilitation strategies all 
together shape the recovery trajectory. Understanding each procedure is essential for 
formulating rehabilitation protocols. In the immediate post-operative phase, reha-
bilitation often focuses on pain management, edema control, and early mobilization. 
Gentle range of motion exercises and controlled loading are initiated to prevent joint 
stiffness and muscle atrophy.

In joint replacement surgeries, such as total hip or knee replacements, rehabilita-
tion is critical in restoring joint function and mobility. Initial exercises concentrate 
on regaining joint range of motion and preventing joint capsule adhesions. Gradual 
weight-bearing progression and muscle-strengthening exercises are introduced 
to restore joint stability and enhance functional capacity. A balance between early 
mobilization and cautious progression is struck to ensure optimal healing and implant 
longevity. Orthopedic surgeries involving ligament repairs, such as anterior cruci-
ate ligament (ACL) reconstruction, demand meticulous rehabilitation protocols. 
Progressive strengthening exercises, neuromuscular control drills, and proprioceptive 
training are crucial to restore joint stability and prevent re-injury.

Spinal surgeries, including spinal fusion or discectomy, require careful consid-
eration of biomechanics and tissue healing. Early mobilization emphasizing proper 
body mechanics is essential to prevent complications and promote spinal alignment. 
Strengthening exercises that target the core muscles help in maintaining spinal 
stability and reducing the risk of post-operative back pain. Fracture fixation surgeries 
necessitate graded loading and progressive weight-bearing strategies. Rehabilitation 
begins with gentle range of motion exercises to prevent joint stiffness and promote 
bone healing. Resistance exercises and functional tasks are integrated as healing 
progresses to restore bone strength and joint function.

Regular communication between orthopedic surgeons, physiotherapists, and 
other healthcare providers enables adjustments to the rehabilitation plan based on the 
patient’s progress, complications, and individual needs. This collaborative approach 
ensures the rehabilitation plan remains dynamic and responsive to the patient’s 
evolving condition. Patient education help gain insight into self-care techniques, 
precautionary measures, and signs of potential complications, empowering them to 
participate in their recovery journey actively.

8. Integrating technology in orthopedic physiotherapy

Technology integration into orthopedic physiotherapy has personalized patient 
care from diagnostics and treatment planning to monitor progress and enhance 
patient engagement. Imaging modalities such as magnetic resonance imaging (MRI), 
computed tomography (CT), and ultrasound offer detailed insights into musculo-
skeletal structures, aiding in identifying pathologies and guiding treatment decisions. 
Three-dimensional imaging and advanced visualization techniques allow clinicians to 
assess complex joint and spinal conditions accurately.
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Robot-assisted rehabilitation devices have emerged as pioneering tools, catalyz-
ing the recovery process for patients facing severe impairments. One example of 
robot-assisted rehabilitation is the robotic exoskeletons, such as the Ekso GT, in spinal 
cord injury rehabilitation. These exoskeletons are meticulously designed to provide 
individuals with paraplegia or tetraplegia the opportunity to regain mobility. Through 
a complex system of sensors and actuators, the Ekso GT assists patients in achieving 
controlled, weight-bearing steps, thus promoting muscle activation and enhancing 
lower extremity strength [15].

Devices like the ArmeoSpring support and guide the arm through a series of custom-
ized exercises. These exercises target specific muscle groups and movement patterns, 
facilitating neuroplasticity and motor skill recovery. For patients with post-stroke 
hemiparesis, the ArmeoSpring offers a lifeline toward regaining fine motor control, 
enhancing activities of daily living, and ultimately, improving overall quality of life [16].

Moreover, robot-assisted rehabilitation is instrumental in addressing knee osteo-
arthritis through devices like the Lokomat, a robotic gait training system. It also 
provides objective feedback to physiotherapists, allowing for data-driven adjustments 
to therapy regimens. Researchers and clinicians, including Dr. Helen Dawes, Dr. Paolo 
Bonato, and Dr. Michelle Johnson, continue to push the boundaries of this field, 
ensuring that patients with orthopedic challenges receive the highest standard of care.

Technology-driven biofeedback systems enhance proprioception, coordination, 
and motor control, making them particularly effective for stroke, spinal cord injuries, 
and neurological disorders. By promoting neuroplasticity, biofeedback technology 
aids in restoring functional independence.

Digital platforms and mobile applications deliver personalized exercise programs 
directly to patients’ devices, empower patients with knowledge, enhance adherence, 
and foster engagement through instructional videos, progress tracking, and interac-
tive reminders. Physitrack is used in the management of chronic musculoskeletal 
conditions such as osteoarthritis. Patients receive explicit, step-by-step instructional 
videos directly on their smartphones or tablets, ensuring that exercises are performed 
correctly. The app offers progress tracking functionalities, allowing patients to moni-
tor their improvement over time and share this data with their physiotherapists for 
informed adjustments to treatment plans.

Similarly, with MyRehabPro, physiotherapists can prescribe comprehensive 
exercise programs via the platform after procedures like joint replacements or 
arthroscopic surgeries. Patients receive detailed video demonstrations and custom-
izable reminders to ensure consistent adherence to their prescribed regimen [17]. 
Furthermore, applications like PhysioU provide a wealth of clinical resources and 
tools. Clinicians can access a library of evidence-based exercises, tests, and assess-
ments to create highly personalized treatment plans [18]. The application facilitates 
real-time documentation, ensuring accurate and comprehensive record-keeping.

Esteemed researchers and experts in the field, such as Dr. Karen Ginn, Dr. Karin 
Grävare Silbernagel, and Dr. Ann Cools, continue to champion the integration of 
technology in orthopedic physiotherapy, ensuring that patients receive the highest 
caliber of care and support throughout their recovery journeys [19].

9. Patient education and self-management strategies

Patient education and self-management strategies are pivotal to imparting 
knowledge and equipping patients with the skills to actively engage in their recovery 
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process. Clinicians recognize the individuality of each patient, adapting their com-
munication style, content, and pace to match the patient’s comprehension level and 
cultural context. This personalized approach establishes a rapport that encourages 
open dialog and promotes active participation in decision-making.

Patients gain insights into the underlying anatomy, the factors contributing to 
their condition, and the implications for their overall well-being. By employing visual 
aids and straightforward language, clinicians facilitate a clear understanding of 
complex concepts, fostering a sense of ownership over their health.

The rationale behind treatment interventions is to enhance patient engagement, 
compliance, and treatment adherence. Pain education is critical, mainly when pain 
is a significant factor. Patients learn about pain mechanisms, the role of inflamma-
tion, and strategies for managing pain. By differentiating between acute and chronic 
pain and providing techniques for pain relief, clinicians enable patients to participate 
actively.

Self-management includes teaching techniques for self-mobilization, maintaining 
proper body mechanics, and being mindful of posture. Functional rehabilitation 
strategies extend the principles learned in the clinic to real-world scenarios. Patients 
receive guidance on adapting their daily activities and work tasks to align with their 
condition. Functional exercises mimic activities patients encounter in their every-
day lives, enabling a seamless transition from therapeutic exercises to functional 
movements.

Setting realistic goals enhances motivation and commitment. Patients gain a clear 
sense of purpose and direction, understanding how their efforts contribute to their 
overall progress. Regularly revisiting and adjusting goals ensures patients remain 
engaged and motivated throughout their rehabilitation. Recognizing the psychosocial 
dimensions of rehabilitation, clinicians address the emotional challenges that patients 
may encounter. Patients are provided with coping strategies, resources, and referrals 
to mental health professionals when needed.

Incorporating diverse learning modalities ensures that patients receive informa-
tion in ways that resonate with them. Visual aids, written materials, online resources, 
and interactive tools accommodate various preferences, enhancing understanding 
and retention of information.

10. Conclusion

Orthopedic physiotherapy is a fundamental pillar in musculoskeletal healthcare, 
addressing a vast spectrum of conditions affecting bones, joints, muscles, tendons, 
ligaments, and connective tissues. In this comprehensive exploration, we have gone 
through the field of orthopedic physiotherapy, traversing its historical evolution, 
evidence-based foundations, diagnostic capabilities, therapeutic modalities, exercise 
prescription, post-operative considerations, specialized interventions, technological 
integration, and patient education.

Orthopedic physiotherapy is vital in musculoskeletal healthcare, underscoring its 
fundamental contribution to evidence-based practice. A diverse spectrum of condi-
tions, musculoskeletal disorders (MSDs), encompass ailments such as osteoarthritis, 
ankylosing spondylitis, tendonitis, and tenosynovitis. Each disorder manifests with 
distinctive clinical presentations, imposing a significant global health burden.

The underlying principles of evidence-based practice emphasize the criticality 
of empirical data, clinical expertise, and research in molding practical therapeutic 
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approaches. Subsequently, an extensive examination of diagnostic assessment 
techniques transpired, encompassing clinical evaluation, physical examination, and 
advanced imaging modalities, including X-rays, magnetic resonance imaging (MRI), 
and ultrasound. These diagnostic tools serve as indispensable instruments in precisely 
identifying orthopedic conditions and evaluating their impact on patients’ daily lives.

The therapeutic modalities and techniques that constitute the core of this field 
were highlighted. Exercise therapy assumes a central role within this sphere, target-
ing muscle strength, joint stability, and mobility enhancement. Manual therapy 
techniques, including joint and soft tissue mobilizations, were unveiled as valuable 
assets in pain alleviation, muscle tension reduction, and joint mobility restoration. 
Furthermore, the chapter delved into the intricacies of exercise prescription for 
musculoskeletal rehabilitation, emphasizing its critical role in enhancing functional 
capacity and reducing the risk of future injuries. The meticulous tailoring of exer-
cise regimens to individual patient needs and conditions emerged as a cornerstone, 
facilitating a personalized approach to rehabilitation.

In the post-operative arena, orthopedic considerations took center stage, shed-
ding light on the importance of post-surgical rehabilitation under the guidance of 
orthopedic physiotherapists. Surgical interventions, spanning joint replacements, 
arthroscopic procedures, and spinal surgeries, were subjected to comprehensive 
examination, highlighting the pivotal role of rehabilitation in optimizing post-opera-
tive outcomes, minimizing complications, and restoring function.

Specialized approaches tailored to specific joint and spinal conditions further 
expanded our horizon, introducing advanced techniques and innovative interven-
tions that provide tailored solutions to orthopedic challenges. Technology integration 
was unveiled as a driving force in reshaping orthopedic physiotherapy. Imaging 
modalities, wearable devices, telehealth, virtual reality (VR), augmented reality 
(AR), robot-assisted rehabilitation, biofeedback systems, digital platforms, and 
mobile applications were scrutinized for their potential to enhance diagnostics, 
treatment planning, monitoring, and patient engagement. Patient education and self-
management strategies emerged as critical components in empowering individuals 
to participate in their rehabilitation journey actively. These strategies enhance under-
standing, adherence, and the long-term management of musculoskeletal conditions.

In this dynamic and ever-evolving field, the collaboration between clinicians, 
researchers, and technology continues to shape the future of musculoskeletal health-
care. It ensures that patients receive the highest standard of care and support in their 
journey to recovery. Orthopedic physiotherapy remains at the forefront, poised to 
further advance musculoskeletal health through its commitment to evidence-based 
practice, innovative interventions, and patient-centered care.
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Chapter 11

Growth and Regeneration of
Intervertebral Discs by
Electrophysiological Potential
Therapy: Impedance Therapy
Pavol Kostka, Elena Ziakova, Marek Janitor, Nina Sladekova,
Martin Janitor, Daniel Vrabel and Paulina Chripkova

Abstract

Impedance therapy (IT) is an electrophysiological potential therapy where specific
electrical impulses (SEI) stimulate the human body’s skin surface to cause a regener-
ative cascade in people diagnosed with degenerative disc disease (DDD). An observa-
tional retrospective cohort study sought to monitor the effect of IT, as an innovative
nonpharmacological therapy that improves the health of DDD patients. The outcome
was objectified by magnetic resonance imaging (MRI) of the spine, a neurological
examination, patients’ own subjective feelings before and after electrotherapy, and
confirmation of “disc grow-up” (DGU). The cohort was composed of 161 patients
with an ICD diagnosis of G54.0,1,2,4 and/or M54.2,4,5,12,16,17, of whom 66 were
women with a mean age of 54.7 years, and 95 were men with a mean age of 50.2 years.
The cohort either had undergone or was undergoing IT rehabilitation with specific
electrical impulses (SEI). A retrospective analysis of the data from patients who
underwent IT rehabilitation in 2019 demonstrated a statistically significant 19%
increase in intervertebral disc volume in cm3, p < 0.001 CI 95%, a reduction in pain
perception after IT of 75%, p < 0.001 95% CI, and positive changes in tendon-
periosteal reflexes (TPR), p < 0.01 CI 95%. IT offers new approaches to treating DDD
with objective control of structural/degenerative/regenerative changes.

Keywords: IT-electrophysiological potential therapy—impedance therapy, SEI—
specific electrical impulse, DGU phenomenon—disc grow-up, DDD—degenerative
disc disease, CRF—case report form

1. Introduction

DDD includes spondylotic, arthritic and degenerative disc disease of the spine,
either with or without compression of nerve structures, or spinal instability [1, 2]. The
main symptoms are axial pain, neck pain, back pain, upper/lower limb pain or a
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combination of any of them. An acute attack is expressed by the body’s inability to
tolerate ongoing degeneration, localized in the spine structure. DDD-associated
difficulties start with a metabolic imbalance developing at the cellular level in the
connective tissue. It dominates in the largest avascular tissue found in humans, the
intervertebral disc. The result is a degenerative cascade, according to Kirkaldy-Willisa
[3]. The discs desiccate and lose height, volume, shape, elasticity and their optimal
position to the adjacent vertebrae. The body becomes increasingly burdened with
painful conditions, which are compensated by incorrect posture and positioning,
reduced mobility and unevenly balanced loading of individual muscles and
tendons. Fatigue sets in at a critical stage due to the lack or impossibility of
movement and sleep, which significantly affects and limits a patient’s activities and
possibilities. IT stimulates the skin surface with specific electrical impulses (SEI),
which induce and restore the body’s own regeneration of soft tissue. This increases
volume and adjusts the body to a physiologically more optimal shape, herniations
recede, perforations heal and the intervertebral disc’s structure is restored. A second-
ary outcome is a reduction or significant resolution of the painful conditions DDD
manifests. The method has been used in medical practice ever conclusions were drawn
from a randomized clinical trial – impedance therapy in rehabilitation of degenerative
disc disease and in accordance with them [4].

2. Degenerative disc disease diagnosis

When a patient has degenerative disc disease, it is important to identify where it
hurts in good time, assess the severity and dynamics of developing concomitant
medical symptoms, and provide him or her with the most effective therapy. There-
fore, diagnosis and treatment require a multidisciplinary or team approach involving a
general practitioner, neurologist, radiologist, neurosurgeon or spinal surgeon,
algesiologist, orthopedic surgeon and physiotherapist. It is also critical to identify the
source of vertebrogenic pain early, likewise assess the severity and dynamics of
developing concomitant medical symptoms, and provide patients with the most
effective treatment for the disease. Radiological findings (native X-ray, CT or MRI)
have confirmed that degenerative lumbar spine disease (DLSD) is going to affect
100% of the population over 40 years of age, and a severe degree will have an impact
on 60% of the population over 70 [1, 5]. However, the correlation between the degrees
of degenerative changes confirmed by imaging and subjective or objective clinical
symptoms is low, and so many patients with radiological findings remain free of
difficulties [6, 7]. In symptomatic patients, degenerative changes in the discs and
facet joints, degenerative spondylosis, soft tissue changes of the spine and
compression of nerve structures and roots in the lumbar spinal canal and/or exiting
neuroforamina contribute significantly to discomfort. However, discrepancies
between the structural changes detected by a CT scan or MRI and clinical findings
often impede accurate identification of the source of pain, for example, in surgical
procedures, or in minimally invasive or endoscopic surgery. Indeed, the structural
changes depicted may frequently not be causally related to clinical symptomatology.
Therefore, a misleading diagnosis is not rare and can lead to failure of conservative or
surgical treatment and sometimes even to disability [8, 9]. A specific condition
requiring urgent neurosurgical attention is acute cauda equina syndrome. It is caused
by compression of the cauda equina and is associated with a large medial herniation of
the lumbar disc.

174

Physical Therapy – Towards Evidence-Based Practice



Based on conclusions drawn from medical observations, we confirm that the onset
of back pain, as a consequence of DDD, takes place predominantly when there is a
pattern of peripheral sensitization [10]. The following has been observed in such
cases:

• Painful conditions arising without stimulus;

• Damage (mechanically by compression or inflammation) of the sensory nerves
leading to nociceptive afferent C unmyelinated fibers;

• Lactic acid accumulating in the degenerated disc with the subsequent acidosis
stimulating the nociceptors;

• Production of cytokines – nociceptive molecules;

• Susceptibility of spinal nerve roots to compressive damage because a well-
developed blood-nerve barrier is missing;

• In the acute stage, abnormal accumulation of sodium channels in the nociceptors
and ganglia of the posterior horns of the spinal cord, with a consequent decrease
in the depolarization threshold;

• Increased number of adrenergic receptors and circulating catecholamines;

• Sprouting of neurons and new nerve fiber outgrowth at the site of nerve fiber
severance during a period of regeneration. Increased irritability is visible due to
the increased concentration of sodium and calcium channels.

These changes raise the sensitivity of nociceptors to various, even painless stimuli
and peripheral sensitization and lead to the development of spontaneous ectopic
activity in the damaged nerves.

The four sources of pain recognized In DDD are discogenic and facet pain, pain
from spinal stenosis and radicular pain [11]. Discogenic pain is associated with patho-
logical neovascularization and axonogenesis of the intervertebral disc. Nerve fibers,,
accompanied by blood vessels, grow into the cracks that appear in degenerate discs. In
addition, vascularized granulation tissue and extensive innervations form and extend
from the outer layer of the annulus fibrosus to the nucleus pulposus. The rate of
unmyelinated C-fiber and micro-vessel growing in the intervertebral disc to the depth
of the nucleus pulposus of the spine [11] is directly proportional to the rate of degen-
erative changes associated with discogenic pain. Nociceptive discogenic pain is caused
by stimulation of sensory nerve endings (peptidergic substance P [SP], CGRP-
calcitonin gene-related peptides [CRGP] and vasoactive intestinal polypeptides
[VIP]) in the outer layers of the annulus fibrosus. Another source of discogenic pain is
structural failure of the intervertebral disc. When it is burdened, so-called “peripheral
sensitization” can cause the usually innocuous mechanical stimuli of nociceptors in
the annulus fibrosus to amplify nociceptive stimulation. In degenerated joints, facet
pain comes from the ingrowth of blood vessels and unmyelinated C-fibers and radi-
ates from the subchondral bone into the interior of the damaged articular cartilage.
The inflammatory cytokines IL-1b and TNFα sensitize nerve fibers, increasing pain
transmission and hyperalgesia [2]. Patients with severe facet joint degeneration feel a
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burning pain. Pain from spinal stenosis develops from hypertrophy of the bony and
ligamentous structures, combined with disc bulging in the spinal canal and around the
neuroforamina, compressing the nerve roots and making them dysfunctional. The
presence of the inflammatory cytokines IL-1b, TNFα, and IL-6 in the facet joints
contributes toward the development of pain [12]. Cytokine levels are higher in
patients with lumbar spinal stenosis (LSS) than those with herniated discs.

Nociceptive radicular pain, with no concomitant neurological nerve root damage,
is felt when the nociceptors in the perineurium of the nerve root are stimulated. It is
caused by ectopic discharges from damaged posterior roots or their ganglia. A diag-
nosis of “definite” neuropathic radicular pain requires the presence of objective sen-
sory symptoms (hyperalgesia, dysesthesia, hypesthesia and allodynia) either with or
without motor signs of radiculopathy, while the presence of isolated motor symptoms
of radiculopathy is enough for a diagnosis of “probable” neuropathic radicular pain.
Conservative treatment of DDD with gabapentin has been ineffective because, in this
type of pain, it acts on central sensitization and not on the onset of the painful
condition itself [12].

3. Impedance therapy

The key building block in impedance therapy (IT) is the specific electrical impulse
(SEI). Alternating SEIs from a current or voltage generator stimulates the body via
electrodes placed on a patient’s skin. Output current up to 3 mA is used, with con-
sumption up to 5VA. Applying an SEI elicits a sympathetic skin response [11, 13]. This
is confirmed by a change in skin conductance due to the changed conductivity of the
sweat produced by it. Repeatedly pooled therapeutic procedures provide adequate
data to confirm correlation dependencies for SEI frequency and amplitude; stable and
dynamic portions of the SEI; electrode surface, size and insulation resistance; and
other parameters for defining the baseline SEI stimulation sequence and determining
the dynamic SEI [11]. The SEI structure most capable of effectively increasing skin
conductance is one that can induce a harmonic change in skin resistance. In IT, the
slowed response to regenerative induction highlights the body’s inability to react to a
harmonic change, so the therapy takes advantage of the feedback response in the
patient’s body. Therefore, stimulation comes from the body’s previous response. It is
evaluated in real-time by an information system with a knowledge base. Unless there
is an active feedback loop in the internal information system, the SEI’s full regenera-
tive effect on the body cannot be ensured. Under the influence of IT,
nonphysiological, unmyelinated C-fibers are effectively reduced, eliminating
discogenic pain. Follow-up DICOM images from MRI scans confirm reparative
changes in the intervertebral disc after completion of the first block of planned long-
term rehabilitation. The observed changes are predominantly at the level of reducing
intervertebral disc fissures, which are visible on MR images as desiccated changes.
Impedance therapy’s effectiveness and success are therefore evident in healed cracks
and perforations, reduction of the hernia and increased elasticity. Yet these regenera-
tive/reparative processes are dependent on the degree of DDD and the dynamics of
degenerative structural changes. A patient can be cured of this disease of civilization
(DDD) after having completed a long-term IT rehabilitation plan. Since impedance
therapy has been around for over 20 years, information systems have been keeping
medical records of all successfully treated patients who have enrolled in a long-term
rehabilitation plan.
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Timeline of medical practice established concepts and procedures in electrophysi-
ological potential therapy:

• 2000 - Electrophysiological regenerative potential therapy, later called
electrophysiological potential therapy

• or impedance therapy (2005).

2009 - Disc grow-up (DGU). The term refers to confirmed growth in
intervertebral disc volume after the completion of a long-term IT rehabilitation plan
involving SEIs. It confirms not just the gradual elimination of painful conditions but
also the change in the disc’s structure, a reduction in perforations and disc herniation,
and so the elimination of degenerative changes in the spine. Ongoing follow-up
measurements of patients who have undergone not just impedance therapy confirm
that the regenerated intervertebral disc keeps its condition even several years after
long-term rehabilitation ends, at a time when a patient is no longer receiving IT. On
the other hand, patients treated with standard nonsurgical procedures only had inter-
vals of slowed progression of degenerative changes recorded. These alternated with
intervals of re-accelerated degeneration. Clinical practice consistently confirmed the
validity of the unidirectional degenerative cascade mentioned by Kirkalda-Willis [5]
until the patient’s body received SEIs.

2014 – Initial blood screening introduced with impedance therapy patients receiv-
ing detailed blood analysis. Among other things, changes in plasma blood lactate levels
from capillary blood and VZV, CMV, HSV and EBV IgG levels were monitored.

2016 – Correlational evaluation of blood screening. The first dependence was
recorded on the size of intervertebral disc growth on IgG-VZV, CMV, HSV and EBV
IgG levels, with concordant harmonization of blood lactate levels at rest and later
during exercise. Continuing medical observations and initial correlational analyses of
sample data have empirically demonstrated and continue to demonstrate a depen-
dence between the magnitude of increased intervertebral disc volume and the magni-
tude of higher plasma VZV, CMV, HSV and EBV immunoglobulin levels in the first
block of a long-term rehabilitation plan with IT.

2016–2018 – “Impedance therapy in rehabilitation of degenerative disc disease,” a
clinical study that confirmed the DGU phenomenon [4].

4. Retrospective cohort study

An observational retrospective cohort study sought to monitor the effect of IT at
the level of an innovative nonpharmacological therapy that improves the health of
patients with DDD. It was objectified by magnetic resonance imaging (MRI) of the
spine, 3D visualization of DICOM images fromMRI scans together with an assessment
of the DUG phenomenon, a neurological examination and patients’ own subjective
feeling before and after electrotherapy.

4.1 Participants

Retrospective data processing covered 161 patients (Table 1) with an ICD-10
diagnosis of G54.0,1,2,4 and/or M54.2,4,5,12,16,17 who had undergone impedance
therapy. There were 66 (41%) women and 95 (59%) men with a mean age of 50 (11)
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and 55 (13) years, respectively. Data from all patients who had cervical and lumbar
disc volumes evaluated from January 2019 to December 2019 were included. For
retrospective analysis, the criteria below were used in the processing of data on
patients who had undergone IT. Consent was given by all patients whose data had
been retrospectively processed to the therapy, and they were informed of the possi-
bility to opt out of participation in the monitoring of treatment and its effects at any
time. Written consents to the anonymous use of data were archived. In order to
analyze the 2019 retrospective study and confirm the effects of impedance therapy,
every patient’s informed consent was kept according to his or her long-term rehabili-
tation plan after each medical procedure over the time impedance therapy was
applied. Design and flow of participants through the trial All administrative processes
complied with the guidelines set out in the Declaration of Helsinki [6].

4.2 Methods

A clinical retrospective trial sought to monitor the effect of IT at the level of an
innovative nonpharmacological therapy that improves the health of patients with
DDD. It was objectified by magnetic resonance imaging (MRI) of the spine, 3D
visualization of DICOM images from MRI scans together with an assessment of the
DUG phenomenon, a neurological examination and patients’ own subjective feeling
before and after electrotherapy. A study was conducted with a retrospective analysis
of data from the medical records of patients who had undergone rehabilitation at the
optimal duration of 5–7 months and completed the first block of their planned reha-
bilitation between January and December 2019. All of the data processed in the
retrospective analysis from the application of electrophysiological potential therapy
on patients consisted of anonymized case report forms (CRF) on patients from the
outpatient information system.

4.3 Intervention – Rehabilitation

It consists of three blocks of therapies and their associated phases:
Block I focused on reducing pain. It involved the application of standard physio-

therapy procedures in combination with impedance therapy.
Phase 1 - Classification.
Phase 2 - Reverse transcription (RT) symptoms.
Phase 3 - Enrollment in kinesiotherapy.
Block II focused on stress testing to increase physical performance in feedback

control.
Phase 4 - Enrollment in training sessions.
Phase 5 - Analysis of metabolism.
Phase 6 - Fixation of regeneration.

Participants Male Female

Age (years) Mean (SD) 50.3 (11.3) 54.7 (12.6)

N 95 (59%) 66 (21%)

Table 1.
Characteristics of participants.
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Block III focused on maintaining proper exercise frequencies and correct weight.
Muscle load measurements with a defined blood lactate level.

Patients whose data had been processed in the retrospective study underwent
rehabilitation three times every 2 weeks for a total of 29–48 therapy sessions that each
lasted between 90 and 120 minutes. The length of each planned rehabilitation was
always dependent on the patient’s DDD condition, with the patient’s comorbidities
being an important factor.

Every patient whose data was processed had undergone the following during
therapy:

1.Examination of tendon-periosteal reflexes before and after therapy

2.Electrophysiological potential therapy (IT) with a physiotherapy muscle
stimulator (PSS)

3.Heat and light therapy (TDP® lamp, Biolamp, Biolaser L1)

4.Dry needling

5.Manual therapy by a physiotherapist

6.Measurement of capillary blood lactate levels [4].

4.3.1 Methods for monitoring safety and accuracy

1.Adverse event monitoring was used to observe each patient’s local and
systemic tolerance to medical treatment and procedures. Patients
were under the direct control of medical staff during every impedance
therapy session.

2.During electrophysiological potential therapy, every patient was exposed to
physical loads at output currents up to 3 mA, with consumption up to 5VA. Prior
to each SEI application to a patient’s body, an artificial resistive load with a
dynamic waveform was used for control purposes to measure current and
voltage from the alternating electrical pulse generator.

3.The trifilar winding at the generator cores was measured at the beginning of each
day of therapy. Throughout SEI application, the generators exhibited tolerances
within 0.05% of the measured electrical parameters.

4.No notes were made during IT of either electrical inaccuracies or generator
failure in patient records that were processed for retrospective analysis.

5.Comparisons made of the outcomes in individual patients were based on
anonymized patient data, which was also subordinated to the composition of the
final CRF.

6.Intervertebral disc volume was assessed with a DICOM image converter [14].and
a magnetic resonance imaging scan, which has a negligible error rate.
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7.The precision of MRI equipment was defined from a sample calibration volume
that was measured in each MRI scanner. In the retrospective cohort study, a bias of
up to 0.9% was accepted. All patients also carried on them a foreign object with a
well-defined calibration value to measure the precision of the MRI scan while.

4.3.2 Outcome measures

Primary outcome: Data recorded for each patient over a period before impedance
therapy and after a series of therapies were retrospectively evaluated [4]:

1.Pain perception. Pain is assessed on a scale of 1–10 (1 = no pain, 10 = unbearable
pain) [4].

2.Magnetic resonance (MR) imaging. MR images were used to visualize the discs in
3D, with the findings evaluated in DICOM files in order to assess and compare
the effect of the therapy. The DICOM images were processed by InVesallius a
DICOM data converter program (Paulo 2014). DGU was subsequently
confirmed by visions of images of regenerated intervertebral discs that had
healed and grown. A Siemens 1.5 T MRI scanner provided the MR images. They
were produced in the following sequences:

a. transversal T2 weighted images,

b. sagittal T2 weighted images and 3D data. The sequences were always at the
same level, with a 1-millimeter-thick cross-section. The standard number
of cross-sections was 19 � 3 per sequence. InVesalius then converted the
DICOM images to the STL (stereolithography) file format, with MR
scanning subtracting the imaged part. The images were then evaluated by a
neurologist, radiologist or neurosurgeon.

• Standardized volume was measured on each of the MRI scanners prior
to the start of treatment. The exact reference volume was then imaged
on an MRI scanner, and a 3D reconstruction was created. This
provided evidence of its precision and accuracy.

• Based on our observations, the standard deviation of magnetic
resonance machine precision in Slovakia was calculated at about�10%.

• For the study, a � 0.68% bias was accepted.

3.Neurological examination of tendon-periosteal reflexes. Reflexes are assessed on
a scale of 1–7 (0 = reflexes not manifested, 3 = average reflexes, 6 = strong
reflexes) [4].

4.Assessment of capillary blood lactate levels – complementary measurement. An
indicator of fatigue is the level of lactate in the blood, where long-term increased
concentration causes metabolic acidification in the body’s internal environment.
Because fatigue also decreases body performance, blood lactate levels were
measured both at rest and during artificial exercise. The mean blood lactate levels
displayed in Table 2 are after 10–30 minutes of exercise (before and after
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enrollment in the study). The reference blood lactate level at rest is 0.7–
1.8 mmol/L. A blood lactate value of 4 mmol/l during exercise is generally
considered to be the limit of the body’s efficiency for a patient used to exercising.
Patients that are recreational athletes can push their blood lactate limit up to
5.5 mmol/l. Measuring blood lactate levels provides information for monitoring
improvement in the body’s physical condition from impedance therapy [4].

Design and flow of participants through the trial it shows in Figure 1.

4.3.3 Data analysis

Descriptive statistics, which compares input and output data, was used to process
the data obtained. Information about the normal distribution of the data and the
equality of variances was found from the Kolmogorov-Smirnov and Shapiro-Wilk
normality tests and Levene’s test of variances. If the significance of both tests at the
alpha level is greater than 0.05, then the data and variances are normally distributed.
Concurrently, the Student’s t-test was used for evaluation. If the significance of the
test of normality or variance at the alpha level is less than 0.05, it is a selection with a
disrupted normal distribution of the data or variances, and so a nonparametric statis-
tical significance test would be used for the evaluation, in this case, the Wilcoxon
signed-rank test. A standard measure of the magnitude of our observations came from
effect size. To process the data, MS Office Excel 2007 and SPSS 16 statistical software
were used.

4.4 Results

Retrospective data were processed for 161 patients with an established ICD diag-
nosis of G54.0,1,2,4 and/or M54.2,4,5,12,16,17. There were 66 (41%) women and 95
(59%) men with a mean age of 50 (11) and 55 (13) years, respectively (Table 1). Due
to the homogenized population, data from both the cervical and lumbar regions were
statistically processed. Among the female patients, data was collected from the cervi-
cal and lumbar regions of 30 and the lumbar regions of 36. In the case of the male
patients, data was taken from the cervical regions of 37 and from the lumbar region of
the remaining 58.

The retrospective study for 2019 of the data obtained showed intervertebral disc
volume to have risen in the men, due to DGU, at 3.2 cm3 (21%) (95% CI) in the
lumbar region and at 0.4 cm3 (19%) (95% CI) in the cervical region. In the women,
these figures were 2.2 cm3 (16%) (95% CI) and 0.4 cm3 (25%) (95% CI), respectively.

Spine Gender Aero Rest

Before After Before After

Lumbar Male (N = 58) 7.4 (1.3) 5.3 (0.8) 3.3 (0.5) 1.5 (0.3)

Female (N = 36) 7.9 (1.7) 5.5 (0.7) 3.1 (0.4) 1.4 (0.3)

Cervical Male (N = 37) 7.9 (1.4) 5.5 (0.8) 3.3 (0.5) 1.4 (0.3)

Female (N = 30) 7.9 (1.4) 5.3 (0.7) 3.2 (0.5) 1.4 (0.3)

Table 2.
Statistical analysis of lactate values.
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Table 3 shows the increase in disc volume among both sexes and in both spinal
regions studied to be highly statistically significant (p < 0.001). The pre- and post-IT
magnetic resonance images in Figures 2–7 objectify the treatment of patients with
degenerative spine disease.

A reduction of pain was noted in the lumbar region by 4 points (78%) (95% CI) of
the men and in the cervical region by 3 points (68%) (95% CI) of them. Among the
women, 4 points (78%) (95% CI) of them experienced a reduction of pain in the
cervical region and 4 points (73%) (95% CI) in the lumbar region. A highly

Figure 1.
Design and flow of participants through the trial.
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statistically significant reduction of pain (p < 0,001) was documented in both sexes
and both study areas (Table 4).

Records obtained from entrance and exit neurological examinations, specifically
in tendon-periosteal reflexes, showed highly statistically significant changes of p
< 0.01 in both cohorts. The exception was among women who showed no normalized
tendon-periosteal reflexes in the lumbar region, at a statistically significant p = 0.064
(Table 5). The processing of tendon-periosteal reflex data was based on optimizing
their amenability, which equals a median value of 3.

The medical information obtained while examining the blood lactate level during
the second block of planned long-term rehabilitation showed (Table 2) when DGU
was confirmed in a patient, the blood lactate level could be adjusted to the second
block’s physiological parameters. This change in the lactate level is associated with the
end of long-term rehabilitation and termination of treatment after the patient no
longer requires medical care. Table 6 summarizes the results from the monitoring of
the entire population.

Spine Gender Disc volume (cm3)

Before After

Lumbar Male (N = 58) 15.4 (4.9) 18.6 (5.1)

Female (N = 36) 13.2 (4.3) 15.4 (4.5)

Cervical Male (N = 37) 2.2 (0.5) 2.7 (0.5)

Female (N = 30) 1.6 (0.3) 1.9 (0.30)

Table 3.
Mean (SD) of disc volume.

Figure 2.
MRI image of the lumbar spine before IT (female, 1997).
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Figure 3.
MRI image of the lumbar spine after IT (female, 1997).

Figure 4.
MRI image of the lumbar spine before IT (female, 1982).

184

Physical Therapy – Towards Evidence-Based Practice



Figure 5.
MRI image of the lumbar spine after IT (female, 1982).

Figure 6.
MRI image of the cervical spine before IT (male, 1980).
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Figure 7.
MRI image of the cervical spine after IT (male, 1980).

Spine Gender Tendon-periosteal reflexes

Before After

Lumbar Male (N = 58) 1.9 (1.1) 2.6 (0.5)

Female (N = 36) 2.2 (1.3) 2.5 (0.6)

Cervical Male (N = 37) 1.6 (0.8) 2.8 (0.4)

Female (N = 30) 1.7 (1.0) 2.6 (0.5)

0 = reflexes not manifested, 3 = average reflexes, 6 = strong reflexes.

Table 5.
Mean (SD) of tendon-periosteal reflexes.

Spine Gender Pain

Before After

Lumbar Male (N = 58) 5.3 (1.6) 1.2 (0.4)

Female (N = 36) 6.1 (2.3) 1.7 (0.7)

Cervical Male (N = 37) 4.5 (1.4) 1.4 (0.6)

Female (N = 30) 5.5 (2.2) 1.2 (0.5)

1 = no pain, 10 = unbearable pain.

Table 4.
Mean (SD) of pain perception.
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The outcome of treatment was considered to have been successful:

1. If conversion and comparison of DICOM magnetic resonance images before and
after a patient underwent planned rehabilitation confirmed morphological
changes in intervertebral discs caused by DGU.

2.If comparative neurological examinations showed improvement.

3. If the patient subjectively considered his or her condition to have improved
because of the loss or significant reduction of pain complications, allowing him
or her to return to original and not only self-supporting activities.

4.5 Discussion

The objective of the retrospective study was to monitor the effect of an innovative
electrophysiological potential therapy, impedance therapy, on improving the condi-
tion of DDD patients and to confirm growth in intervertebral discs due to the DGU
phenomenon. The outcome confirms the positive effect from impedance therapy in
the enlargement and increased size of intervertebral discs. Evidence was provided by
magnetic resonance imaging (MRI) scans of patients, which exactly demonstrated the
disc grow-up (DGU) phenomenon.

Conservative treatment, rest and adequate medical therapy and rehabilitation are
effective in 85–90% of patients at the level of their subjective symptoms. Surgery is
indicated in 10% of the patients where radicular irritation persists and/or neurological
deficit progresses with conservative treatment. Rare syndromes and progressive
motor radicular deficits require urgent surgical treatment [15]. The remaining 5–10%
of patients remain chronically disabled, especially with back pain, despite the treat-
ment available. Surgery for patients with chronic back pain has not been very suc-
cessful. Surgery is indicated when there is significant functional incapacity or pain is
unresponsive to multidisciplinary conservative treatment. The prognosis for patients
is influenced by the severity of the clinical manifestation, the possibility of providing
rapid adequate treatment and psychosocial-economic factors. Degenerative changes of
the spine as a disease of civilization could have been treated by standard medical or
nonmedical treatment but never eliminated [4, 7, 16]. This reported retrospective
study traces the emergence of the DGU phenomenon under the influence of IT.
Evidence of intervertebral disc growth after SEIs because of DGU was first confirmed
in “Impedance therapy in rehabilitation of degenerative disc disease a clinical ran-
domized trial in a cohort composed of 55 patients with an ICD diagnosis of G54.0,1,2,4
and/or M54.2,4,5,12,16,17 and averaging 51 years of age. They were divided into
monitored and control cohorts [4]. A total of 61 patients were enrolled in the study,

N Before After

Disc volume (cm3) 161 9.3 (7.2) 11.1 (8.4)

Pain (points) 161 5.3 (1.9) 1.4 (0.6)

PTR 161 1.8 (1.1) 2.6 (0.5)

Table 6.
Means (SD) of disc volume, tendon-periosteal reflexes and pain perception.
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from which six of the patients were excluded, four because of the exclusion criteria
and two opted to discontinue their participation in the study. The first monitored
cohort comprised 29 patients with a mean age of 57 (11) years. It had 22 (76%) men
and 7 (24%) women whose average ages were 57 (12) and 55 (13) years, respectively.
They received impedance therapy. This electrophysiological potential therapy pro-
duced changes in the health of the monitored cohort of patients when they followed
the changes mapped out in the rehabilitation plan. Patients included in the cohort
underwent a period of reverse transcription (RT) symptoms, which involved the
reappearance of past difficulties, although they were less intensive. The presence of
RT symptoms was a manifestation of DGU-caused intervertebral disc regeneration.
The other control cohort consisted of 26 patients with a mean age of 46 (11) years. It
had 10 women with the same average age as the control cohort and 16 men whose
mean age of 46 (13) years. They received standard electrotherapy. There was a tran-
sient improvement in their condition noted during the first 3–4 weeks. Subsequently,
it varied harmoniously between the painful conditions experienced before they were
enrolled in the therapeutic block and periods of subjective feelings of good health.

In the monitored cohort, intervertebral disc growth was demonstrated in 76% of the
patients, where the DGU phenomenon was confirmed in 22 patients (intervertebral disc
volume increased by more than 10%). There was no evidence of the DGU phenomenon
in 24% of the patients from the application of impedance therapy and no reduction in
intervertebral disc volume either. DDD did not progress (intervertebral disc volume
rose 0–5%) [4]. Existing available references list a number of studies that examined the
use of physiotherapy in patients with degenerative spinal conditions, looking only at the
impact on pain, range of motion in the spine and quality of life. In a review study,
Kroeling [17] included 20 studies involving a total of 1239 patients, where the cohorts
consisted of adult patients aged more than 18 years with both acute and chronic cervical
spine pain or nonspecific pain, including degenerative changes, myofascial pain and
headaches that originated from the cervical region. The outcomes from these studies
could not be pooled because different populations had been examined, and there were
different types and dosages of electrotherapy and comparative treatments with moder-
ately different results measured. The CENTRAL, MEDLINE, EMBASE, MANTIS,
CINAHL and ICL databases were searched with no language restrictions until August
2012. The results from these searches indicated that transcutaneous electrical nerve
stimulation (TENS) had a more significant effect on pain reduction in patients with
acute pain than electrical stimulation, exercise, infrared light, manual therapy and
ultrasound. Efficacy was not statistically significant for combinations of infrared light
therapy, thermotherapy and kinesiotherapy, nor the combination of cervical collar,
exercise and pharmacotherapy. In patients with chronic cervical spine pain, TENS
probably relieved pain as well or better than a placebo or electrical muscle stimulation,
although not as well as exercise and infrared light. However, a similar effect was
obtained with a combination of manual therapy, mobilization techniques and ultra-
sound [17]. Lau [18] published a randomized trial describing two physiotherapy phases,
where the first phase consisted of movement therapy and interferential currents were
indicated in the second phase. In the acute stage of the disease, either pharmacotherapy
or soft relaxation techniques are recommended for back pain [18]. Hayden [19] in
review found evidence that Pilates, McKenzie therapy and functional restoration were
more effective than other types of exercise treatment for reducing pain intensity and
functional limitations. Nevertheless, people with chronic low back pain should be
encouraged to perform the exercise that they enjoy to promote adherence. In addition to
IT, rehabilitation in our study includes exercise and continued physical activity.
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A retrospective study of electrophysiological potential therapy - impedance
therapy in 2019 showed the following:

1.Statistically significant growth in intervertebral disc volume at 2.8 cm3 (19%)
(p < 0.001).

2.A 4 (75%) points reduction in pain perception after IT (p < 0.001), with an exit
neurological examination specifically demonstrating statistically significant
changes in tendon-periosteal reflexes (p < 0.01).

4.6 Medical observations from the study

1.Based on empirical findings, the success and effectiveness of impedance therapy
were dependent on the degree of DDD and the dynamics of degenerative
structural changes.

2.A necessary condition for inducing regenerative processes was the regular
frequency of impedance therapy (optimally three times every 2 weeks with an
assessment of DGU after the first block).

3.The records of patients that had received impedance therapy documented
changes in their condition that followed the course of changes described in the
long-term rehabilitation plan.

4.Patients enrolled in impedance therapy underwent a period of RT symptoms
and this is evidence of correctly applied impedance therapy. A reverse
transcription symptom marks the reappearance of past difficulties albeit with
less intense pain and no objective change in the patient’s level of mobility. The
presence of RT symptoms is a manifestation of DGU-caused intervertebral disc
regeneration. Their significance comes not only at the level of having analyzed a
correctly applied therapy. The presence of these symptoms is confirmed by the
following:

• Changes in capillary blood lactate level

• Change in tendon-periosteal reflexes

• Changes in muscle tension

Reverse transcription symptoms appeared at two separate time intervals:

• The first set of RT symptoms are predominantly linked to SEI-induced
changes in blood lactate levels and take place between four and 8 weeks into
planned long-term rehabilitation.

• The second set (between 14 and 18 weeks into planned long-term
rehabilitation) is linked to rapid intervertebral disc decompression. It more
markedly irritates other unmyelinated C-fibers, whose stimulation appears
because of peripheral sensitization. After the second set of RT symptoms, an
MRI of the patient was indicated, followed by evaluation and 3D
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visualization by InVesalius of the intervertebral disc. Confirmation of the
DGU phenomenon translates into the completion of the first block of the
long-term rehabilitation plan and the patient’s continuation in the second
block, which focuses on increasing his or her exercise capacity and adjusting
weight.

5.The inability of the body to respond to IT with a harmonious change in resistance
highlighted the body’s own slowed capability to regenerative induction, slowing
the increase in intervertebral disc volume (the DGU phenomenon).

6.The effect of IT on a patient’s pain in confirmed DDD cases has been
demonstrated in the controlled reduction in the number of new, unwanted
protrusions of sensitive nerve fibers that have sprouted. These show
increased irritability due to the increased concentration of sodium and calcium
channels.

7.The effect on unmyelinated C-fibers was demonstrated when the following was
observed:

• Changes in skin conductance or the psychogalvanic reflex (PGR) [9, 13];

• Increase in intervertebral disc volume, reduction and gradual disappearance
of DDD-typical structural changes and reduction of discogenic pain where
the source was black disc, a degenerative disc disease [8].

8.Unless there is an active feedback loop in the internal information system and
pooling, the full therapeutic impact of IT on a patient’s body cannot be ensured.

Other diagnostic criteria for enrollment into impedance therapy:

• Degenerative disc disease (DDD)

• Recurrent back pain and no proven degenerative spinal disease

• Hernia of the intervertebral disc up to 9 mm and extending into the spinal
canal without sequestration

• Impaired aerobic and anaerobic thresholds and simultaneously confirmed
degenerative disc disease without subjective symptoms

• Listhesis of the lumbar or cervical spine

• Spinal block with or without back pain

• Diabetic polyneuropathy in the lower extremities

• Tennis and golfer’s elbow

• Gonarthrosis with no traumatic etiology

• Chronic fatigue syndrome
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• Exhaustion

• Histamine imbalance

5. Conclusion

Impedance therapy, an electrophysiological potential therapy, offers a new per-
spective on the course, prognosis and therapy for a disease of civilization, namely
degenerative disc disease. The probability of reversing these structural degenerative
changes is documented in the outcome of this study. It confirmed the possible active
intervention in the degenerative cascade of the three-joint complex in individual
movement segments of the spine, described by Kirkaldy-Willis in the 1970s. We
believe that the effect and exact results of impedance therapy have disproved the
theory of irreversible degenerative changes in the spine.

1.The outcome confirms the positive effect from impedance therapy in the
enlargement and increased size of intervertebral discs. Evidence was provided by
magnetic resonance imaging (MRI) scans of patients that exactly demonstrated
the DGU phenomenon.

2.Impedance therapy has been applied as an innovative treatment for degenerative
disc disease with an objectively measurable result of recovery for a patient’s body
in active medical practice.

3.The feedback loop for the next SEI, once a response to the previous SEI has been
evaluated after a defined time interval, is critical to the application of impedance
therapy. The prerequisites for IT to be applied were meeting inclusion criteria
and the diagnostic conditions for impedance therapy in the rehabilitation plan.

4.Applying SEIs in electrophysiological potential therapy actively contributed to
the elimination of DDD-caused pain. The first step in the application of
impedance therapy focuses on removing structural changes no one can influence
at their own volition. Later, the burden of regeneration shifts more to the patient.
Once the body’s internal balance has been set in a lactate analysis picture, gradual
withdrawal from the long-term rehabilitation plan could then be laid out. Recent
medical analyses have confirmed stable pain-free and movement-limited
conditions for patients for at least 10 years after they had been rehabilitated and
their long-term planned rehabilitation ended.

Degenerative changes of the spine as a disease of civilization could have been
treated by standard medical or nonmedical treatment but never eliminated [5, 20]. A
new type of treatment in the practice of physical therapy is the Impedance Therapy
method.
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Chapter 12

Rehabilitation in the ICU
Monica Chiș and Ruxandra Copotoiu

Abstract

Prolonged stay in the ICU comes with a variety of sequelae evolving toward 
chronic conditions rendering rehabilitation a challenge for the medical staff and 
patients’ families. Functional impairment is physical (touching mainly mobility: 
weakness, atrophy), cognitive or beyond (dysphagia, chronic pain, risk of falls). 
Properly identifying the risk factors means addressing them in a preventive manner. 
The curative approach, due to fragmented trajectories and the controversies related 
to early mobilization and the dose of physical rehabilitation, is still subject to debate. 
Possible barriers to implementing rehabilitation protocols were identified as well 
as future research themes regarding new targets for interventions to be tested in 
 large-scale randomized controlled trials.

Keywords: ICU, post intensive care syndrome, muscular weakness, 
physical rehabilitation, prevention

1. Introduction

Progress made in critical care throughout recent years lead to an increase in 
survival rates and a greater number of post- ICU patients to care for. Surviving ICU 
does not mean a full return to the patients’ capacities before ‘the injury’ leading to 
admission. Critical care survivors, their caregivers and families are burdened with 
functional impairments (physical, psychological, cognitive and beyond), prompting 
the implementations of a rapid and challenging rehabilitation program.

Patients’ trajectories are various and fragmented, due to the type of injury 
precluding the ICU admission and the structures in place for the post-ICU care.

Recent research did not merely focus on survival, but also on the critical care 
survivors’ recovery in the subsequent months, potentially years to follow.

2. Outcomes after ICU stay

It comes naturally for the outcome of a critically ill patient to depend on the 
severity of his condition upon admission and before becoming critically ill, on the 
number of days he was cared for, but also heavily, on the type of ICU attendance he 
was submitted to, that is on the competency of the ICU in cause (be it an academic 
facility or not), on the professionalism (knowledge, training, skills, dedication, 
ethics) and the management of the facility.
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Outcomes after being cared for in an ICU refer to: sequels, evolving toward a 
chronic critical condition, acquiring muscular asthenia or weakness, developing 
delirium or other forms of acute psychosis (which is reputed for being associated 
with a bad outcome), developing multiple organ system failure, sepsis or becom-
ing a reservoir (a source) for hospital-acquired germs. And as if these were not 
enough, survivors complain also of joint stiffness, pain, loss of condition and hair 
loss, and more disturbing, of dysphagia, which is a real invalidating burden, very 
difficult to treat, often undiagnosed and leading to nutrition issues, to say noth-
ing of loss of hearing, smell and taste. Moreover, the recovery phase could last for 
years [1].

Since 2012, “ICU-acquired weakness” was defined as “diffuse, symmetric, gen-
eralized muscle weakness detected by physical examination and meeting specific 
strength-related criteria, that develops after the onset of critical illness without other 
identifiable cause [2].

The pathophysiology of ICU-AW blames it on an inflammatory response, bioen-
ergetic dysfunction, altered protein balance, neuronal axon degeneration, changes 
in muscle histology and muscle wasting. AW seems to be triggered by the critical 
condition and its severity is independent of the underlying primary condition. The 
rhythm of muscular mass loss due to bedrest of the critically ill is approximately 2% 
per day, a rate different between muscles and dependent upon the measurements 
taken [3].

A general term to comprise the syndrome that describes the clinical signs of suf-
fering survivors of a lengthy admission in the ICU was coined as PICS (post-intensive 
care syndrome). PICS refers to a new or worsening disorder, be it physical (muscular 
weakness, diminished autonomy to cope with daily living), PTSD (posttraumatic 
stress disorder), depression or other neurocognitive disorder impeding the quality of 
life and being a significant financial burden for both individuals and the society as a 
whole [4]. It was established that about 22% of former critically ill patients develop 
PTSD while 28% will be taunted by depression (Davydow cited by 5). Long-term 
patient outcomes may include pulmonary, neuromuscular, psychiatric and cognitive 
impairments as well as alteration of the physical function. PA (physical activity) 
was suspected to have a positive impact on delirium outcomes in intensive care unit 
patients. Since delirium impacts 80% of MV patients, there were expectations for PA 
to positively impact delirium outcomes. Immobility and functional decline are consid-
ered as risk factors for delirium. In non-critical patients, PA seems to provide neuro-
protective effects by increasing neurotransmitter and anti-inflammatory mediator 
release and to facilitate synaptic transmission. It also increases cerebral blood flow in 
older adults and oxygen extraction efficiency, improving cognition. Therefore, Jarman 
et al. performed a systematic review and meta-analysis to investigate the impact of 
PA interventions on delirium outcomes in ICU patients. Unfortunately, they found 
only low-quality evidence in favor of greater-intensity PA. They concluded that there 
was insufficient evidence to recommend PA as a stand-alone intervention to reduce 
delirium in the ICUs [5].

While pulmonary outcomes appear as impairment in spirometry, lung volume 
and diffusion capacity, the incriminated risk factors are the duration of mechanical 
ventilation and the diffusion capacity. Even if the pulmonary impairment is generally 
mild, it can persist for over five years.

The ICU-acquired weakness includes polyneuropathy and myopathy and blames 
the hyperglycemia, the SIRS, sepsis and MODS (multiple system organ dysfunction 
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syndrome). Polyneuropathy can extend to five years, far more than myopathy. Disuse 
atrophy is attributable to immobility/bed rest. The impairment of physical function 
is described as disuse atrophy, an impairment in activity of daily living (ADL/IADL) 
and in 6-minutes walking distance. Systemic corticosteroids use, ICU-acquired 
illness, age, slow-resolution of lung injury and preexisting IADL impartment are 
selected risk factors. It is expected for ADL to improve within months, but the 
signs may persist for one year, while IADL is to disappear in two years. Long-term 
impairment for 6-min walk distance is to be expected.

Depression attributable to traumatic/delusional memories of ICU, sedation, 
psychiatric symptoms at discharge, and impairment of physical function might 
decrease over the first year. PTSD is to improve a little over the first year and is 
due to sedation, agitation, physical restraints and traumatic/delusional memories. 
Anxiety may persist for the first year and identifies as risk factors the following: 
unemployment, duration of mechanical ventilation, as well as overall risk factors, 
such as female gender, younger age, less education, pre-ICU psychiatric symptoms 
and personality. The cognitive function is affected by impairment in memory, 
alteration of the executive function, mental processing speed and visio-spatial ability. 
It blames for the occurrence of lower pre-ICU intelligence, ICU delirium, sedation, 
hypoxia and glucose dysregulation. Although it might significantly improve during 
the first year, residual deficits may last up to 6 years.

There is a toll on families as well, and they are but psychiatric, such as depression, 
PTSD, anxiety and complicated grief. When it comes to depression, among identi-
cal risk factors with the critically ill, distance to the hospital and restricted visiting 
emerge.

For PTSD, unsatisfactory communication along with dissatisfaction with a caring, 
passive preference for decision-making and a mismatch between involvement in 
decision-making and preferences contribute to the persistence of PTSD for four years 
or more after death or discharge.

Complicated grief is deepened by the knowledge gap of the patient’s wishes, while 
when it comes for children, paternal stress after discharge is associated with child 
stress and may persist even past childhood.

To the complexity of the postcritically ill syndrome, we can add the sequelae of 
critical illness: multidimensional functional disability (prolonged MV, compromised 
ambulation, pharyngeal muscle weakness, dysphagia, increased risk of aspiration, 
reduced health-related quality of life, a nutritional compromise leading to compro-
mise physical and neurocognitive recovery [6]. Entrapment neuropathy manifests 
as foot or wrist drop that compromises rehabilitation and recovery, or frailty. Mood 
disorders, pressure injuries that contribute to increased post-ICU mortality, oral 
complications (gingivitis, dental caries, tooth injury or loss, need for longer dental 
follow-up), endocrinopathies (thyroid gland, adrenal function derangements, 
disruptive endocrine homeostasis and sexual function), changes in appearance 
(frozen joints, alopecia, scarring, disfigurement, complicated social reintegration), 
taste changes, hearing or vision changes, procedure-related trauma (rectal, urethral 
injury, vocal cord dysfunction, tracheal stenosis) and chronic renal dysfunction 
sometimes needing RRT (renal replacement therapy increased health care use and 
1-year mortality [6].

The SCCM (Society of Critical Care Medicine) recommends discharge to subacute 
rehabilitation facilities once the acute medical issues are resolved, or to long-term 
acute care hospitals when greater medical specialization is required [7].
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As long as life expectancy improves in Europe and ICU lengths of stay also in order 
to achieve survival, since predominantly medical admissions consume over 50% of 
yearly ICU treatment days, and as countries over Europe further in debt, as human 
resource to care for the critically ill and to take over after discharge is scarcer, post 
ICU syndrome becomes more and more prominent [7, 8].

Thus, the solution for the survivors of an ICU long stay appears to be rehabilita-
tion in a specialized unit. The USA took the initiative since the early eighties by open-
ing the LTACHs (long-term acute care hospitals) dedicated to ICU survivors suffering 
from a large spectrum of problems, such as weaning from prolonged mechanical 
ventilation, and nonsurgical complicated wound care (decubitus). The require-
ments of LTACHs imply not only compliance with the legal requirements of hospitals 
delivering acute care, but also multidisciplinary physician-led teams to supervise and 
coordinate individual complex patient programs that take over 25 days [9].

Articles from Europe, Australia and New Zealand, Africa and Asia are increas-
ingly dedicated to rehabilitation of the ICU survivors. Thus, Herridge et al. were 
able to identify acronyms relevant for studies on the outcome of the critically ill: 
ICAP, ALTOS, FROG-ICU, RECOVER, THRIVE, My ICU care and ICU steps to 
name a few. They concomitantly questioned the ethics of indefinite trials of MV or 
ECMO support [6].

In addition, Reid et al. identified important reporting deficiencies in ICU delivered 
PR interventions that limit clinical implementation and future trial development [10].

3. Best practices identified, validated or confirmed

We will try to highlight the best practices identified as being associated with 
patient satisfaction and also with caregiver fulfillment as a patient. Seo and al tried 
to assess the functional recovery and promoted the AM-PAC score (Activity Measure 
Post-Acute Care) [11]. They recognized the post-intensive care syndrome as an obsta-
cle for full recovery, which if ever happening, will do so in no less than three years 
and came up with a check list to qualify for rehabilitation starting the 3rd day after 
admission to the SICU (Surgical Intensive Care Unit). The check list comprises: no 
more than 2 vasopressors, no recent shock event (<4 hours), a mean BP ≥60 mmHg, 
heart rate ≤ 120 bpm, respiratory rate ≤ 24/min, axillary temperature ≤ 38°C, no 
dysrhythmia, RASS -2 to +2, FiO2 ≤ 0.5 and a PEEP ≤10 mmHg [11].

They recommended a rehabilitation plan comprising five steps to be performed 
20 to 30 minutes on week days. The first step would be PROM (Passive Range of 
Motion) and Postural change. Then follows the start of active rehabilitation, The 
AROM (Active Range of Motion), with the head elevation at ≥60°. Upper and lower 
extremity exercises follow, then a sit to stand attempt followed by marching on the 
spot. As we can see, the intensity of the effort gradually increases, as the complexity 
of the movements. Seo’s article was preceded by Conradie et al. who in 2017 published 
their adapted early mobility readiness protocol, very similar to Seo’s check-list [12]. 
They included the PaO2/FiO2 ratio of ≥250, SpO2 ≥ 90% and all the aforementioned 
hemodynamic parameters with overlapping values. They concluded that active 
rehabilitation in critically ill surgical patients was feasible and safe regardless of age 
provided the patients’ safety was checked before. Standing activity in the ICU was not 
routine postoperative care [11].

Vollenweider R et al. studied the sedated and ventilated ICU patients and con-
cluded that passive early motion reduced the nitrosative stress, although there was 
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no clear effect on cytokines. They advanced an early adapted mobility readiness 
protocol hoping to provide the healthcare professionals with an interim tool to 
identify the patients who would tolerate a therapeutic upright position. They aimed 
at incorporating the upright standing position into standard nursing care, which 
would be a huge step toward improving recovery [13]. Lang JK et al. performed a 
systematic review of the published clinical practice guidelines for early mobiliza-
tion (EM) in the ICU and they found that there was agreement on the principle of 
implementing EM [14].

Verceles et al. ran a study on prolonged MV critically ill patients suffering of AW, 
comparing and measuring the outcome of the patients submitted to either UC (usual 
care) with those who underwent an additional progressive multimodal rehabilita-
tion program (MRP). They found that the addition of an MRP improved strength, 
physical function and mobility and was associated with greater weaning success and 
discharge home [15].

Beach et al. used motion sensors to measure PA of the critically ill ventilated for 
more than 48 hours and expected to stay in the ICU for at least 5 days. They also 
 measured energy expenditure. They found that PA levels during the first 5 days of 
admission in the ICU when measured using METs were low. Sedation was the main 
barrier reported by physiotherapists. Motion sensors are safe, but used early in the 
ICU have limited clinical utility since sepsis impacts on metabolic rate. Since the 
correlation of PA against ICU mobility scale was strong, motion sensors promise to be 
best exploited to monitor activity levels in interventional studies [16].

Lai et al. had previously demonstrated that twice daily EM sessions reduced days 
of MV of medical critically ill patients when introduced within the first 3 days of MV, 
by almost 3 days (from 7.5 to 4.7 days) and also diminishes the risk of prolonged MV 
(≥7 days). However, the differences did not reach statistical significance [17].

A recent study concluded that early exercise training using a bedside cycle 
ergometer in critically ill ICU survivors who received MV enhanced the recovery 
of gastrointestinal function and improved the patients’ nutrition status at hospital 
discharge [18].

When it comes to thoroughly assessing the methodology used in the studies deal-
ing with EM of MV patients, a systematic review included in the Cochrane database 
concluded that the evidence for the effectiveness of EM on measure of physical 
function and performance is inconsistent and uncertain due to its low quality [19]. 
The same applies to adverse effects. There is hope that better-designed ongoing stud-
ies will clarify the issue of EM. This harsh conclusion emerged from the sample sizes 
(judged too small), clearly reported interventions and control conditions, but also 
the blinded outcome assessment that usually lacked. There is an additional need for 
standardization of outcome measures and to disentangle early intervention from the 
intensity of intervention [19].

According to this trend of refining research, Collet et al. initiated a study includ-
ing relevant articles comprised in the electronic databases for a decade (2012–2022). 
They will assess the functional and cognitive rehabilitation interventions during 
admission [20]. In depth knowledge is unlikely to benefit, but current understanding 
is expected to be uplifted.

Results of PR (physical rehabilitation) studies are tricky to compare since CG 
(comparator groups) are different, Still, as O’Grady and all showed, the most com-
mon type of CG is usual care [21]. There is a remarkable heterogeneity in planned 
activities and CERT (Consensus on Exercise Reporting Template; proportion of 
reported items/total applicable) reporting deficiencies [21].
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In line with this trend of thoroughness, Connolly et al. described the PRACTICE 
(physical rehabilitation core outcomes in critical illness), a protocol for the develop-
ment of a core outcome set) [22].

At the end of the day, even if protocols to care for the MV patients are proposed 
and used, there are no validated techniques to prevent post-mechanical ventilation 
injuries and sequels.

As for those who require or look forward to apply an already established protocol, 
Raurell-Torreda et al. publish an early mobilization algorithm for the critical patient. 
There is an algorithm of decision-making, but also IMS (ICU Mobility Scale) objec-
tive according to safety criteria [23]. Garcia-Perez-de-Sevilla also investigated the 
effectiveness of physical exercise and neuromuscular electrical stimulation interven-
tions for preventing and treating ICU-acquired weakness and concluded that both 
methods should be used to prevent significant muscle loss. If patients can cooperate, 
they recommend to prioritize physical exercise against neuromuscular electrical 
stimulation, as it is superior for improving functionality [24].

4. Controversies

Controversies were almost completely pinned by Laghi [25].
There is no doubt that rest is paramount for recovery. Potential benefits of 

increased bedrest in ill humans are already well known: conservation of metabolic 
resources to be used for healing and recovery; reduce oxygen consumption by 
muscles and divert oxygen delivery toward injured tissues and organs in need; 
reduce requirements for ventilation and the risk of VILI (ventilation induced lung 
injury); reduce requirements for high FiO2 and the risk of oxygen toxicity; improve 
blood flow to the central nervous system; reduce harmful falls and the stress to the 
heart; prevent ischemia and dysrhythmias; avoid pain from additional injury and 
to injured body parts [26]. Despite these benefits, when prolonged over the usual 
6–9 hours of sleep, bedrest is associated with no trivial complications: skeleton 
muscle atrophy and weakness, joint contractures, thromboembolic disease, insulin 
resistance, microvascular dysfunction, insulin resistance, systemic inflammation, 
atelectasis and pressure ulcers [26]. Nondamaging exercise is a major stimulus for 
IL-6 release while IL-1 and TNF-α concentrations do not substantially increase 
with exercise. IL-6 is also a strong inhibitor of TNF-α and IL-1. Moreover, exercise 
induced IL-6 release from muscles is associated with elevated concentrations in 
plasma of the IL-IRA and IL-10, both anti-inflammatory mediators. Regulated exer-
cise decreases C-reactive protein levels also. Thus, atherogenesis might be prevented 
by decreasing vascular inflammation and insulin-sensitivity is increased. Prolonged 
bedrest opposed, annulled the benefits of muscle exercise. Overall, the prevalence 
of ICU-AW is 48% [3].

Knowing that critically ill patients can lose over 15% of their muscle mass within 
one week, one can expect long-term detrimental effects [3]. The dominant method to 
assess muscle waste is ultrasound, followed by CT scans.

The rationale for rehabilitation in the ICU is not always crystal clear. Questioning 
the clinicians as to the shortcomings of implementing rehabilitation exercises in the 
ICU, Nickels et al. found out that it was unlikely attributable to a lack of perceived 
importance by nursing, medical or physiotherapy clinicians, the most likely to 
 influence rehabilitation practices in the ICU [27].
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As of today, several controversies emerge and seem to be there to stay at least for 
a while.

Rehabilitation in the ICU is different in medical compared to surgical ICUs. Mobility 
is sometimes easier to achieve in surgical patients who became critically ill due to their 
surgery need. Once solved, their recovery is accelerated by early mobilization. The 
validation of selection criteria to identify the long-stay ICU patients susceptible to best 
benefit from an ICU rehabilitation facility should be addressed in further studies [9].

4.1 Different approaches to the same issue

Different conclusions or outcomes, different types of research articles, various 
experiences, different patients, different spatial coordinates and socio-economic 
issues account for the variability of the outcome in terms of duration of complete 
recovery or length of stay. As for those for whom the ICU is one bridge too far, gentle 
and humane care is advanced and should be provided [9].

Lime in 2014, Patel et al. completed a secondary analysis on all patients (N = 104) 
enrolled in an RCT of early occupational and physical therapy vs. conventional 
therapy, which evaluated the endpoint of functional independence. Every single 
patient benefited from ITT (intensive insulin therapy) and blinded muscular strength 
testing on hospital discharge to assess the incidence of ICU – AW (clinically apparent 
weakness). Logistic regression analysis showed that early mobilization and increas-
ing insulin dose prevented the incidence of ICU-AW, independent on the risk factors. 
Still, insulin may be associated with reduced ICU-AW, but its safety profile cautions 
against using it for preventive reasons. Further on, the dual effect of early mobiliza-
tion in reducing relevant ICU-AW and promoting euglycemia suggested its potential 
usefulness as an alternative to ITT [28].

In an attempt to understand the discordant results of ICU-based PR (physical 
rehabilitation), O’Grady et al. found that there was heterogeneity and underreport-
ing of CG (comparator group), which perhaps contributed to discordant results. Not 
uncommon in rehabilitation research, these findings suggest a common barrier. For 
instance, fidelity, means the PR received relative to the planned one. The author favors 
the use of RTSS (Rehabilitation Treatment Specification System), which describes 
rehabilitation treatments according to their targets, ingredients and mechanisms of 
action [21].

Anchored in modernity, Fuest et al. used AI (artificial intelligence) in an attempt 
to characterize the optimal individual dosage (frequency and level of duration) of 
EM (early mobilization). AI was able to divide a heterogenous critical care cohort 
into 4 clusters very different in terms of clinical characteristics and mobilization 
parameters. The different mobilization strategies according to the cluster supported 
the likelihood of being discharged home, thus giving room to an “individualized and 
resource-optimized mobilization approach” [29].

There are also issues as to the dose of PR administered. It appears that indeed, 
mechanically ventilated patients subject to usual care develop less adverse effects 
during PR compared to those critically ill MV patients submitted to an increase in 
early active mobilization. The study comes from the TEAM study investigators and 
the ANZICS Clinical Trials Group [30]. One year earlier though, Paton et al. stated 
that mobilization during critical care provided at higher levels, but not increasing the 
number of active mobilization sessions improved health status at 6 months [31]. The 
dosage of mobilization was measured by ICMS (Intensive Care Mobility Scale).
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5. The road ahead

a. ICU rehabilitation future – preventing ICU-related complications, the contri-
bution of telemedicine and AI (algorhythms and clusters, AI to enhance our 
thinking or to merely increase the feeling of doing something the righteous way); 
low-cost physiotherapy strategies (balloon blowing exercise during pandem-
ics. Tailored ICU rehabilitation programs are needed in order to humanize the 
approach of the post-ICU survivors [9].

b. Potential for development

c. Rehab for both patients, families and caregivers

Among the recommendations to improve patient and family-centered outcomes 
after critical illness, we enlist: provide broad education on ICU outcomes and the 
continuum of critical care construct; ensure accountability and reporting of multidi-
mensional outcomes at one year; include ICU outcomes as part of informed consent, 
perform trials of limited treatment, engage families in week-end goals of care discus-
sions; prioritize basic and translational science inquiry into multisystem tissue injury 
and repair, risk stratification, role of nutrition and rehabilitation, and determination 
of outcome trajectories; integrate longitudinal, granular data on ICU outcomes into 
administrative data sets as the ongoing standard for patient-and family-centered data 
collection, foster local, national and international programs focused on ICU care 
continuum and advocate for permanent funding as a timely and urgent public health 
priority; ensure optimal, consistent and timely communication by the multidisci-
plinary team with family members; provide respectful and compassionate care for the 
patient and family and encourage their involvement at bedside and on a mandatory 
basis in end-of life decisions [6].

A metanalysis and systematic review on physical rehabilitation in the ICU con-
cluded that it improved physical function and reduced ICU and hospital LOS (length 
of stay), although it failed to impact other outcomes [32]. However, PR (physical 
rehabilitation) had no impact on muscle strength, duration of MV, mortality and 
health-related quality of life, while rehabilitation delivered for less than five days 
per week was less effective than higher dosages [25]. Driven by the results of Wang’s 
research, Laghi advanced the hypothesis that peripheral muscle weakness in the ICU 
was a marker of disease severity rather than the proximate mechanism contributing 
to poor clinical outcomes. Moreover, it was already shown that there was a limited 
association between the diaphragm dysfunction and the limb muscle weakness 
in mechanically ventilated patients [25]. Finally, it appears that PR and including 
functional exercises delivered 5 days per week to the critically ill is worth the effort.

Swallowing function in the ICU is often severely impaired, mainly to the intubated 
patients, but not confined to them. A new entry in the ICU is the speech-language 
pathologist (SLP) who additionally provides expertise in cognitive communication 
and swallowing functions during and after MV, endotracheal tube in place or not, to 
say nothing of tracheostomy. SLPs role was increasingly growing since the COVID-2 
pandemic, so the expertise they provided was highly appreciated [33].

It appears that occupational therapists as well became sensitive to critically ill 
patients. Thus, a study by Costigan et al. established that “there could be opportuni-
ties for occupational therapists to expand their role and spearhead original research 
investigating an enriched breath of ICU interventions” [34].
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There are barriers blocking the recovery of the patients surviving an ICU stay, such 
as the regulatory requirements for acute inpatient rehabilitation, or funding-related 
issues due mainly to limited or no-insurance coverage. Research gaps and sources 
do not really help, but they have to be overcome by a joint effort of clinicians and 
researchers. Nurses also identified barriers to implementing protocols of rehabilita-
tion, and they included staffing levels, lack of resources, poor care coordination, con-
cerns about personal and team safety, lack of knowledge or training, invasive lines and 
medical instability, fear of dislodgement, neurological limitations and sedation, low 
priority, presence of endotracheal tubes, poor communication such as contradictory 
information which is a definite source of disbelief and loss of confidence, inadequate 
equipment, increased workload, fatigue, self-injury and time [6, 35].

According to Herridge, the ICU community can and should define our next priori-
ties as mitigation of suffering and the sense of futility in the ICU and disability after 
discharge [6].

The ideal setting for survivors would be the comprehensive multidisciplinary 
outpatient ICU-follow-up clinics [8].

6. Conclusion

Balancing the potential beneficial effects of bed rest against muscle exercise 
is a challenging task. The large variety in the design of interventions renders any 
evidence-based conclusion impossible. The positive impact on functionality is unde-
niable and physical therapists must be involved. Although technical difficulties and 
questions remain, the pertinence of tailored rehabilitation regimens is not an issue. 
A multidisciplinary approach organized in outpatient post-ICU clinics with a broad 
referral network of specialists could be an answer for all ICU survivors, not only for 
those issued from the last pandemic.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 



Physical Therapy – Towards Evidence-Based Practice

204

References

[1] Brown SM, Bose S, Banner- 
Goodspeed V, et al. Approaches to post 
intensive care syndrome: A narrative 
review. Annals of the American 
Thoracic Society. 2019;16(8):947-956. 
DOI: 10.1513/AnnalsATS.201812-913FR

[2] Needham DM, Davidson J, Cohen H, 
et al. Improving long-term outcomes 
after discharge from intensive care 
unit: Report from stakeholders’ 
conference. Critical Care Medicine. 
2012;40(2):502-509. DOI: 10.1097/CCM.
Ob013e318232da75

[3] Fazzini B, Markl T, Costas C, et al. 
The rate and assessment of muscle 
wasting during critical illness: A 
systematic review and meta-analysis. 
Critical Care. 2023;27:2. DOI: 10.1186/
s13054-022-04253-0

[4] Rousseau AF, Prescott HC, Brett SJ, et al. 
Longterm outcomes after critical illness: 
Recent insights. Critical Care. 2021;25:108. 
DOI: 10.1186/s13054-021-03535-3

[5] Jarman A, Chapman K, Vollam S, 
et al. Invetigating the impact of 
physical activity interventions on 
delirium outcomes in intensive care 
unit patients: A systematic review and 
meta-analysis. Journal of International 
Care Society. 2023;24(1):85-95. 
DOI: 10.1177/17511437221103689

[6] Herridge MS, Azoulay E. Outcomes 
after critical illness. The New England 
Journal of Medicine. 2023;388:913-924. 
DOI: 10.1056/NEJMra2104669

[7] Needham DM, Dowdy DW,  
Mendez-Tellez PA, Herridge MS, 
Pronovost PJ. Studying outcomes of 
intensive care unit survivors: Measuring 
exposures and outcomes. Intensive Care 
Medicine. 2005;31:1153-1160

[8] Schoffelen AF, Hofhuis JGM, 
Posthouwer D, Rommes JH,  
Spronk PE. Consumption of ICU 
resources by long-stay patients 
does not change over time: 9-year 
observation in a teaching hospital in the 
Netherlands. Journal of Critical Care. 
2010;14(5):313-317

[9] Spronk PE. Don’t stand there, but 
deliver tailored ICU rehabilitation 
services. Acta Anesthesiology 
Scandinavian. 2022;66:305-306. 
DOI: 10.1111/aas.14016

[10] Reid JC, Unger J, McCaskel D, et al. 
Physical rehabilitation interventions 
in the intensive care unit: A scoping 
review of 117 studies. Journal of 
Intensive Care. 2018;6:80. DOI: 10.1186/ 
s40560-018-0349-x

[11] Seo YJ, Park SR, Lee JH, Jung C, 
Choi KH, Hong S-K, et al. Feasability, 
safety, and functional recovery after 
active rehabilitation in crirically ill 
surgical patients. Australian Critical 
Care. 2020;33:281-286

[12] Conradie E, Fourie CE, Hanekom SD. 
Investigating the clinical feasability 
of an adapted early mobility readiness 
protocol for critically ill patients: 
A anon-randomized experimental 
pilot trial. Intensive and Critical Care 
Nursing. 2017;42:44-50. DOI: 10.1016/j.
iccn.2017.04.004

[13] Vollenweider R, Manettas AI, 
Häni N, de Bruin ED, Knols RH. 
Passive motion of the lower extremities 
in sedated and ventilated patients 
in the ICU - a systematic review 
of early effects and replicability 
of interventions. PLoS One. 
2022;17(5):e0267255. DOI: 10.1371/
journal.pone.0267255



Rehabilitation in the ICU
DOI: http://dx.doi.org/10.5772/intechopen.1002614

205

[14] Lang JK, Paykel MS, Haines KJ, et al. 
Clinical practice guidelines for early 
mobilization in the ICU: A systematic 
review. Critical Care Medicine. 
2020;2020:e1121-e1128. DOI: 10.1097/
CCM.0000000000004574

[15] Verceles AC, Wells CL, Sorkin JD, 
et al. A multimodal rehabilitation 
program for patients with ICU acquired 
weakness improves ventilator weaning 
and discharge home. Journal of Critical 
Care. 2028;47:204-210. DOI: 10.1016/j.
jcrc.2018.07.006s

[16] Beach LJ, Fetterplace K, Edbrooke L, 
et al. Measurement of physical 
activity levels in the intensive care 
unit and functional outcomes: An 
observational study. Journal of Critical 
Care. 2017;40:189-196. DOI: 10.1016/j.
jcrc.2017.04.006

[17] Lai C-C, Chou W, Chan K-S, 
et al. Early mobilization reduces 
duration of mechanical ventilation 
and intensive care unit stay in patients 
with acute respiratory failure. Archives. 
2017;98:931-939. DOI: 10.1016/j.
apmr.2016.11.007

[18] Yu T, Cai F, Jiang R. Effects of early 
bedside cycle exrcise on gastrointestinal 
function in intensive care unit patients 
receiving mechanical ventilation. 
Frontiers in Medicine. 2022;9:B23067. 
DOI: 10.3389/fmed.2022.823067

[19] Doiron KA, Hoffman TC, Beller EM. 
Early intervention (mobilization 
or active exercise) for critically ill 
adults in the intensive care unit 
(Review). Cochrane Database of 
Systematic Reviews. 2018;3:CD010754. 
DOI: 10.1002/14651858.CD010754.pub2

[20] Collet MO, Laerkner E, Jensen J, 
et al. Functional and cognitive 
rehabilitation interventions during 
intensive care admission: A protocol 

for a systematic integrative review. 
Acta Anesthesiology Scandinavian. 
2013;67:670-674

[21] O’Grady HK, Farley C, Hanna QEB, 
et al. Comparator groups in ICU-based 
studies of physical rehabilitation: 
A scoping review of 125 studies. Critical 
Care Explotrations. 2023;5(5):1-12. 
DOI: 10.1097?CCE.0000000000000917

[22] Connolly B, Denehy L, Hart N, 
et al. Physical rehabilitation core 
outcomes in critical illness (PRACTICE): 
Protpcol for development of a core 
outcome set. Trials. 2018;19:294. 
DOI: s13063-018-2678-4

[23] Raurell-Torreda M, Regaira-
Martinez E, Planas-Pascual B, et al. Early 
mobilisation algorithm for the critical 
patient. Expert recommendations. 
Effermeria Intensiva. 2021;32:153-163. 
DOI: 10.1016/j.enfi.2020.11.001

[24] Garcia-Perez-de Sevilla G,  
Sanchez-Pinto PB. Effectiveness of 
physical exercise and neuromuscular 
electrical stimulation interventions for 
preventing and treating intensive care-unit 
acquired weakness: A systematic review 
of randomized controlled trials. Intensive 
Critical Care Nursing. 2023;74:103333. 
DOI: 10.1016/j.iccn.2022.103333

[25] Laghi F, Shaik H. Physical 
rehabilitation in the ICU: Is it worth 
the effort? Critical Care Medicine. 
2022;50(3):504-507. DOI: 10.1097/
CCM.0000000000005289

[26] Brower RG. Consequences of 
bed rest. Critical Care Medicine. 
2009;37(10):S422-S428. DOI: 10.1097/
CCM.0b013e3181b6e30a

[27] Nickels M, Aitken LM, Walsham J, 
et al. Clinicians’ perception of rtionales 
for rehabilitative exercise in a critical 
care setting: A cross sectional study. 



Physical Therapy – Towards Evidence-Based Practice

206

Australian Critical Care. 2017;30:79-84. 
DOI: 10.1016/j.aucc.2016.03.003

[28] Patel BK, Pohlman AS, Hall J, 
et al. Impact of early mobilization on 
glycemic control and ICU-acquired 
weakness in critically ill patients who 
are mechanically ventilated. Chest. 
2015;146(3):583-589. DOI: 10.1378/
chest.13-2046

[29] Fuest KE, Ulm B, Daum N, et al. 
Clustering of critically ill patients 
using an individualized learning 
approach enables dose optimization 
of mobilization in the ICU. Critical 
Care. 2023;27(1):1. DOI: 10/1186/s 
13054-022-04291-8

[30] TEAM Study Investigators and the 
ANZICS Clinical Trials Group. Early 
active mobilization during mechanical 
ventilation in the ICU. The New England 
Journal of Medicine. 2022;389(19): 
1747-1758. DOI: 10.1056?NEJMoa2209083

[31] Paton M, Lane R, Paul E, et al. 
Mobilization during critical illness: 
A higher level of mobilization 
improves health status at 6 months, 
a secondary analysis of a prospective 
cohort study. Critical Care Journal. 
2012;49(9):e860-e869. DOI: 10.1097/
CCM.0000000000005058

[32] Wang YT, Lang JK, Haines KJ, 
et al. Physical rehabilitation in 
the ICU: A systematic review and 
meta-analysis. Critical Care Medical 
Journal. 2021:375-388. DOI: 10.1097/
CCM.0000000000005285

[33] Freeman-Sanderson A, Ward EC, 
Miles A, et al. A consensus statement 
for the management and rehabilitation 
of communication and swallowing 
function in the ICU: A global response 
to COVID-19. Archives Physical Medical 
Rehabilitation. 2012;102:835-842. 
DOI: 10.1016/j.apmr.2020.10.113

[34] Costigan FA, Duffett M, 
Harris JE, et al. Occupational 
therapy in the ICU: A scoping review 
of 221 documents. Critical Care 
Medicine. 2019;47(12):e1014-e1021. 
DOI: 10.1097?CCM.0000000000003999

[35] Popoola M, Dingle M, MacLaren J, 
et al. Ware what are the barriers to nurses 
mobilizing adult patients in intensive 
care units? An integrative review. 
Australian Critical Care. 2022;35:595-603.  
DOI: 10.1016/j.aucc.2021.09.002



207

Chapter 13

An Evidence-Based Approach to 
Non-Invasive Ventilation in Cardiac 
Rehabilitation after Coronary 
Artery Bypass Grafting (CABG)
Om Prakash Palanivel, Sanjay Theodore, 
Senthil Purushothaman, Ali Albshabshe, 
Nasser Mohammed Alwadai and Mohammed Abdu Rajhi

Abstract

Pulmonary impairment and decreased functional capacity are significant concerns 
following cardiovascular surgery, leading to extended hospital stays and mortality. 
Non-invasive ventilation (NIV) can provide significant prophylactic and therapeutic 
benefits in pre-operative and postoperative respiratory failure following coronary 
artery bypass grafting (CABG) surgery. Despite scant data, non-invasive ventilation 
outcomes are promising in phase I cardiac rehabilitation. There exists evidence that 
validates the utilization of non-invasive ventilation in the acute phase of cardiac reha-
bilitation and its application in patients following CABG; this context continues to 
be a subject of controversy within the existing body of literature. The purpose of this 
chapter is to demonstrate the efficacy of non-invasive ventilation as a prophylactic 
and therapeutic intervention for patients undergoing coronary artery bypass grafting 
(CABG) surgery, with the obvious aim of mitigating the occurrence of postoperative 
pulmonary dysfunction and decreased functional capacity.

Keywords: coronary artery bypass graft (CABG), non-invasive ventilation (NIV), post 
operative pulmonary complications (PPC), acute respiratory failure (ARF), continuous 
positive pressure support (CPAP), pressure support (PS), bilevel positive pressure 
(BiPAP)

1. Introduction

According to the World Health Organization (WHO), cardiovascular illnesses 
are responsible for a total of 17.9 million deaths annually. This figure is equivalent 
to around 32% of the overall world mortality rate. It is anticipated that coronary 
artery disease (CAD) will be the dominant contributor to morbidity and death in 
the realm of cardiovascular illness by the year 2030, resulting in about 23 million 
people losing their lives as a direct consequence of the condition [1]. Coronary artery 
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bypass grafting (CABG) is a surgical procedure that has been found to enhance 
lifelong longevity and improve the overall individual’s standards of life afflicted 
with moderate to severe coronary artery disease. In contrast to the transient respira-
tory and functional capacity impairment experienced in the immediate aftermath 
of CABG surgery, the enduring advantages of CABG confer a lifelong benefit that 
enhances functional mobility and facilitates independent engagement in daily living 
activities. Almost all individuals who had CABG surgery experienced transient acute 
postoperative pulmonary complications (PPC). Nevertheless, when suitable preven-
tive measures are implemented in the acute phase of cardiac rehabilitation, these 
short-time acute respiratory and functional abnormalities often exhibit favorable 
responses. The severity of PPC encompasses a spectrum of manifestations, including 
pain, weakness of the respiratory muscles, atelectasis, collapse of the lungs, reduced 
lung volume, profound hypoxia, and skeletal muscle weakness. In more severe cases, 
PPC may cause respiratory compromise and acute respiratory distress syndrome 
(ARDS), both of which are linked to escalated healthcare costs and excessive utiliza-
tion of resources [2]. CABG’s mechanism often causes transient, acute postoperative 
pulmonary impairment. Many aspects must be considered during intraoperative 
procedures. These parameters include median sternotomy, anesthesia, surgery time, 
cardiopulmonary bypass (CPB), administration of blood-related substances, local 
hypothermia for heart protection, and harvesting of the internal mammary artery. 
Postoperative mechanisms encompass various factors that contribute to heightened 
pain resulting from the median sternotomy, intercostal drainage tubes, phrenic nerve 
impairment, augmented respiratory effort, compromised cough reflex, hypoxemia, 
and skeletal muscle weakness associated with diminished functional mobility. 
Additionally, specific preoperative variables exert an influence on postoperative 
pulmonary dysfunction, encompassing pre-existing lung diseases, smoking habits, 
advanced age, obesity, obstructive sleep apnea (OSA), heart failure, and inadequate 
nutritional status. During the process of rehabilitation, a notable proportion of 
patients who undergo heart surgery, specifically 10%, experience considerable 
pulmonary dysfunction. The occurrence of this condition is subject to variation, 
contingent upon the severity of the pulmonary complications that arise after the 
surgical procedure. During the initial days following cardiac surgery, three prevalent 
postoperative pulmonary complications that may endure are atelectasis, pleural effu-
sion, and pneumonia [3, 4]. Furthermore, it is worth noting that hypoxia is observed 
in approximately 79% of cases, while hypercapnia is observed in approximately 38% 
of cases, typically within the first 24 h following the transition from the critical care 
unit. Despite the utilization of modern surgical techniques and improved postopera-
tive care, postoperative pulmonary complications following CABG continue to exist 
and remain a significant cause of both mortality and morbidity. For the past two 
decades, NIV has been the commonly employed initial treatment for acute respira-
tory failure characterized by hypoxia or hypercapnia, which is often observed dur-
ing chronic obstructive pulmonary disease exacerbations, cardiogenic pulmonary 
edema, and pneumonia. Due to the positive outcome observed with non-invasive 
ventilation, there has been a decrease in the necessity for endotracheal intubation. 
Nevertheless, there is a limited body of scientific research that has investigated 
therapeutic approaches aimed at preventing or mitigating pulmonary complications 
after cardiac surgery. Historically, chest physical therapy and the utilization of an 
incentive spirometer have been employed as methods to mitigate and manage post-
operative pulmonary complications. While reintubation and mechanical ventilation 
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are frequently utilized in the therapeutic care of patients experiencing respiratory 
failure and they are accompanied by various adverse outcomes including pneumonia, 
infections, increased expenses, morbidity, and mortality. Numerous modern clinical 
research has examined NIV efficacy in the prevention or reduction of postoperative 
complications in the acute phase of cardiac rehabilitation among individuals undergo-
ing cardiac surgery. However, it is worth noting that there is limited research available 
on the potential benefits of non-invasive ventilation in reducing pulmonary compli-
cations and increasing functional capacity after extubation following CABG surgery.

The objective of this chapter is to demonstrate the efficacy of NIV as a prophylac-
tic and therapeutic intervention for patients undergoing CABG surgery, with the spe-
cific aim of mitigating the occurrence of postoperative pulmonary dysfunction and 
decreased functional capacity. Additionally, this chapter aims to provide insights into 
the potential benefits of utilizing NIV in the acute phase of cardiac rehabilitation as 
an alternative therapeutic approach in the post-CABG population. Specifically, it will 
explore the potential effects of NIV on various aspects such as atelectasis, functional 
capacity, tissue perfusion, pulmonary function, reintubation rates, length of hospi-
talization, and overall functional capacity. The objective of this chapter is to furnish 
physiotherapists and healthcare providers with a comprehensive outline of NIV in the 
subsequent headings. These aspects must be taken into account in the management of 
inpatient clinical settings to guarantee the safety and efficacy of NIV therapy.

1. Physiology of non-invasive ventilation

2. The physiological mechanisms underlying respiratory failures after cardiac  
surgery

3. The application of non-invasive ventilation in prophylactic and therapeutic  
settings in cardiac surgery

4. Modalities of non-invasive ventilation (NIV)

5. Failure of non-invasive ventilation (NIV)

6. NIV interfaces and start-up

7. Untapped opportunities in the non-invasive ventilation (NIV)

8. Non-invasive ventilation (NIV) as an aid to cardiac rehabilitation (phase-I)

9. Future research

2. Physiology of non-invasive ventilation

NIV refers to a respiratory life support device that utilizes positive pressure and 
mask interfaces, eliminating the need for invasive ventilation methods such as the use 
of an endotracheal breathing tube. The primary importance of non-invasive ventila-
tion (NIV) lies in its ability to alleviate the workload on the respiratory muscles and 
uphold adequate levels of arterial blood oxygen (PO2) and carbon dioxide (PCO2). 
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The physiological effects of non-invasive ventilation (NIV) bear a resemblance to 
those of invasive ventilation, which involves the use of an artificial airway. However, 
several physiological effects distinguish non-invasive ventilation (NIV). Firstly, 
it is crucial to acknowledge that while there are advanced leak compensation NIV 
machines available, only a limited number of NIV machines are capable of deliver-
ing complete pre-determined pressure and volumes that are comparable to invasive 
ventilation. These leaks can have an impact on the sensitivity of triggering during 
flow delivery and the breath cycle, consequently affecting the synchrony between 
the patient and the ventilator. Non-invasive ventilation (NIV) is administered to 
the oronasal pharynx, which serves as connection between the esophagus and the 
trachea. Although gastroesophageal sphincters are present, the occurrence of elevated 
positive pressures in the esophagus can result in the expansion of the stomach. Hence, 
there is a notable risk of aspiration for the trachea when it is not adequately protected. 
The effectiveness of pulmonary hygiene techniques, such as pulmonary toilets and 
airway suctioning, is impeded. To mitigate exhalation leaks, the utilization of a single-
limb circuit can potentially result in heightened carbon dioxide (CO2) retention, 
commonly referred to as re-breathing, particularly when flow delivery settings are set 
at lower levels. Non-invasive ventilation (NIV) also offers notable benefits in com-
parison to invasive ventilation. The maintenance of glottic function in NIV results in a 
minimal risk of aspiration. The potential for non-invasive ventilation (NIV) breaks to 
enable patients to engage in speech and swallowing is a noteworthy aspect to consider. 
Furthermore, the level of irritation experienced by the airway due to trans-laryngeal 
intervention is relatively low, which could enhance patient comfort and potentially 
reduce the requirement for sedation when compared to invasive ventilation. NIV 
has been shown to effectively maintain upper respiratory tract patency in individu-
als diagnosed with obstructive sleep apnea. Additionally, in patients suffering from 
congestive heart failure, NIV has demonstrated the potential to mitigate the occur-
rence of pulmonary edema and reduce venous return. Improper administration of 
NIV can result in lung damage, similar to the adverse effects observed with invasive 
ventilation. The application of non-invasive ventilation (NIV) exerts a positive 
pressure, thereby alleviating the strain on the inspiratory muscles. It enhances 
pulmonary compliance by facilitating the dilation of obstructed alveoli, thereby 
enabling enhanced efficiency in the exchange of gases within the lungs, specifically 
oxygenation, and ventilation. Consequently, there is an enhancement in respiratory 
mechanics, potentially leading to the prevention of reintubation. The application of 
NIV during the acute phase of cardiac rehabilitation in post-cardiac surgery patients 
has been found to yield several direct advantages, such as the prevention of atelectasis 
and pneumonia, enhancement of functional capacity and pulmonary function, 
improvement in tissue perfusion, reduction in hospitalization duration, as well as 
decreased morbidity and mortality rates. One notable advantage of NIV in the context 
of post-cardiac surgery is its ability to prevent the need for reintubation. Reintubation 
carries various risks, involving prolonged invasive ventilation, pneumonia, infection, 
shock, ICU and hospital stays, and death. Non-invasive ventilation (NIV) has been 
found to optimize heart function after extubation by reducing inspiratory effort and 
left ventricular (LV) afterload. Moreover, NIV can be administered both as a prophy-
lactic and as a therapeutic intervention. Additionally, it has the effect of normalizing 
or reducing the stress response and discomfort experienced after surgery, while also 
minimizing the occurrence of complications and enhancing the overall outcomes 
associated with cardiac surgical procedures [5–7].
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3.  The physiological mechanisms underlying respiratory failure after 
cardiac surgery

Acute respiratory failure, characterized by hypoxic and/or hypercapnic respiratory 
failure, can manifest in a significant proportion of individuals who have undergone 
cardiac surgery. This occurrence can be attributed to various factors, including 
pre-existing comorbidities such as advanced age, restrictive or obstructive lung 
disease, and heart failure, as well as perioperative and postoperative influences such 
as general anesthesia, duration of surgery, atelectasis, pleural effusion, and incisional 
pain. Hypoxemic respiratory failure can manifest following cardiac surgery due to 
postoperative pulmonary dysfunction, which encompasses various conditions such as 
aspiration, atelectasis, pneumonia, pulmonary edema, and acute respiratory distress 
syndrome. These aforementioned conditions collectively hinder the efficient transfer 
of oxygen across the alveolar-capillary membrane in the pulmonary system, result-
ing in a partial pressure of oxygen (PaO2) below the threshold of 60 mmHg. In the 
context of clinical environments, the established approach to managing hypoxemic 
respiratory failure involves the administration of oxygen therapy in conjunction with 
chest physical therapy. Similar to what was mentioned earlier, hypercarbia respiratory 
failure (hypoventilation) can occur after cardiac surgery when there is insufficient 
removal of carbon dioxide from the distal alveoli. This leads to respiratory acidosis, 
characterized by an elevation in the partial pressure of carbon dioxide (PaCO2) above 
45 mmHg, along with concurrent hypoxemia. Nevertheless, the primary factors con-
tributing to hypercarbia encompass prolonged neuromuscular blockade after cardiac 
surgery, excessive sedation, and respiratory exhaustion [8–10].

4.  The application of non-invasive ventilation in prophylactic and 
therapeutic settings in cardiac surgery

As mentioned earlier, individuals who undergo cardiac surgery face an increased 
susceptibility to experiencing pulmonary complications and decreased functional 
capacity following the procedure. Despite the limited availability of data, the use 
of NIV in the acute phase of cardiac rehabilitation as a preventive and therapeutic 
intervention has the potential to reduce or prevent postoperative pulmonary com-
plications, including atelectasis, reintubation rates, impaired tissue perfusion, and 
skeletal muscle weakness associated with decreased functional capacity.

4.1 Atelectasis

Atelectasis is a medical condition distinguished by the partial or complete col-
lapse of a lung or a specific segment of a lung. Atelectasis frequently occurs following 
cardiac surgery and is a prevalent contributor to hypoxia and impaired gas exchange. 
Atelectasis is a common finding in postoperative chest radiographs following cardiac 
surgery, with a prevalence ranging from 30% to 72%. It is considered a signifi-
cant factor in the development of respiratory dysfunction after surgery [11, 12]. 
Specifically, basal atelectasis is observed in 94% of patients within the initial 48-hour 
period after CABG surgery. Irrespective of the administration method, be it intrave-
nous or inhalational, it is observed that the majority of patients undergoing general 
anesthesia encounter atelectasis during both spontaneous respiration and following 
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the administration of muscle paralytics [13]. CABG surgery induces changes in 
respiratory mechanics, leading to diminished expiratory flow, reduced ciliary rate, 
and impaired cough reflex, ultimately resulting in atelectasis and pneumonia. These 
complications can subsequently contribute to heightened respiratory effort and 
diminished lung capacity. Failure to appropriately treat and manage atelectasis may 
result in compromised pulmonary function, the development of pneumonia hospital-
acquired, and an extended duration of hospitalization. Typically, conventional 
postoperative physiotherapy after CABG involves the integration of an incentive 
spirometer and respiratory exercises. In a randomized controlled study comprising 
26 patients who underwent CABG, the control group (CG) exhibited an atelectasis 
rate of 61.5%, while the NIV group demonstrated a rate of 54% (P = 0.691). Following 
the surgical procedure, it was observed that the group receiving NIV exhibited a 
significantly greater vital capacity (P 0.015). This study demonstrates that NIV is 
highly favored by patients who experience heightened discomfort as a result of pain 
perception [14]. In a study conducted by Matte et al. [15], it was observed that 30% 
of patients who underwent treatment with incentive spirometry and 15% of patients 
who received treatment with CPAP or BIPAP exhibited mild or moderate atelectasis 
on the second day following their surgery. The study sample consisted of 96 patients. 
Nevertheless, there was a notable enhancement in oxygenation and a decreased 
decline in lung volumes. According to Pasquina et al. [16]. A study found that 60% of 
patients who underwent non-invasive ventilation (NIV) with BIPAP experienced an 
improvement in their radiological atelectasis score, while only 40% of patients who 
underwent NIV with CPAP showed a similar improvement. Similarly, the application 
of continuous positive airway pressure (CPAP) to individuals who encountered post-
operative atelectasis after cardiac procedures (as indicated by radiographic evidence) 
resulted in a notable enhancement of the condition, as assessed through radiological 
scoring. According to a study conducted by researchers [16], it has been observed 
that atelectatic lung zones have the potential to reduce functional residual capacity 
and elevate pulmonary shunt, even in cases where heart surgery has been performed 
successfully without any complications. The presence of unventilated atelectatic 
lung zones can contribute to nearly 20% of the overall lung capacity, resulting in 
hypoxemia following CABG [17]. According to this perspective, the initiation of NIV 
serves to prevent the collapse of alveoli and facilitate improved recruitment of alveoli, 
thereby mitigating the occurrence of atelectasis and augmenting functional residual 
capacity.

4.2 Pulmonary function assessment

The presence of a limited capacity to produce autonomous deep inhalations leads 
to the manifestation of restrictive breathing patterns, and the etiology of this restric-
tive breathing pattern is characterized by multiple contributing factors. While CABG 
surgery has proven to be a successful method for coronary revascularization, it is 
frequently linked to a restrictive breathing pattern and declined pulmonary function, 
which in turn may result in adverse health outcomes and even death. The etiology of 
impaired pulmonary function after CABG surgery is multifactorial, encompassing 
various factors such as a reduced expansion of the rib cage and disorganized move-
ment of the chest wall, dysfunction of the diaphragmatic dysfunction due to phrenic 
nerve injury, accumulation of pleural fluid, and the occurrence of basal atelectasis. 
Nevertheless, it is worth noting that a decrease in pulmonary function can also be 
attributed to respiratory muscle dysfunction, characterized by a reduction in both 
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functional residual capacity (FRC) and vital capacity (VC). In the initial week 
following coronary artery bypass graft (CABG) surgery, there is a notable decline of 
30–60% in slow vital capacity. This reduction persists at a diminished level of 12% 
even after a duration of up to 1 year. A significant decrease in preoperative functional 
residual capacity (FRC) values, amounting to 70%, is observed for a duration of 
at least 7–10 days. Additionally, there is a reduction of 40–50% in vital capacity 
(VC) compared to preoperative levels, which persists for a period of 10–14 days. 
Nevertheless, in the context of postoperative cardiac surgery, the occurrence of a 
restrictive breathing pattern and hypoxemia is predominantly inevitable, although 
subject to potential modification [14]. According to Stell et al. [18], the utilization 
of NIV in the postoperative acute phase of cardiac rehabilitation has been found to 
enhance vital capacity, a critical metric for assessing the likelihood of reintubation. 
Additionally, NIV can decrease the load on the respiratory system and enhance 
pulmonary functions through the activation of closed alveoli, thereby opening up the 
atelectasis lung. Consequently, NIV demonstrates superiority over alternative tech-
niques in facilitating deep breaths, leading to enhanced lung volume and capacities 
among patients who exhibit uncooperative behavior, excessive sedation, or an inabil-
ity to engage in deep breathing due to pain, particularly in the immediate postopera-
tive phase following cardiac surgery [18, 19]. Franco et al. [14] discovered notable 
disparities in vital capacities among two cohorts of patients who underwent heart 
surgery. The measured values in the NIV group were 2.64, 0.99, 1.53, and 1.94 before 
the operation, immediately after extubation, and 24 and 48 hours after extubation, 
respectively. In contrast, the control group had values of 2.11, 0.90, 0.90, and 0.97 
[20]. The NIV group exhibited superior performance as a result of the patient’s active 
engagement in generating deep breaths, thereby mitigating discomfort experienced 
during physical exertion. Furthermore, this intervention is advantageous for patients 
who exhibit reluctance in performing deep inhalations after cardiac surgery.

4.3 Reintubation rate

Reintubation may occur in critically ill postoperative cardiac surgery patients, 
despite adherence to the recommended weaning protocols. The rates of reintubation 
in a critical care unit following general surgical procedures vary between 1% and 13%, 
while the rate after cardiac surgery is approximately 6.6%. The act of reintubation has 
been found to increase the duration of mechanical ventilation, which in turn leads to 
an extension of both the length of stay in the intensive care unit (ICU) and the overall 
hospital stay. Reintubation has been widely recognized as an independent factor 
contributing to elevated mortality rates. Therefore, it can be inferred that patients 
who necessitate reintubation exhibit an unfavorable prognosis, as evidenced by a 
mortality rate ranging from 30% to 40%. A cohort of 1640 patients admitted to the 
intensive care unit (ICU) underwent a retrospective analysis and revealed a reintuba-
tion rate of 7.3% (n = 119), with 36 patients (30.3%) undergoing CABG surgery. The 
majority of patients undergoing cardiovascular surgery exhibit a range of medical 
conditions, including hypertension, diabetes, hyperlipidemia, as well as comorbidi-
ties such as pneumonia and renal failure. Additionally, there is an increased likelihood 
for these individuals to necessitate re-intubation, as well as exhibit inferior scores in 
terms of SOFA, APACHE II, and Euro SCORE. Remarkably, the cohort that did not 
undergo non-invasive ventilation before reintubation exhibited a greater mortality 
rate. Consequently, a multitude of studies advocates for the prompt implementa-
tion of non-invasive ventilation (NIV) following extubation as a proactive approach 
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to mitigate the risk of extubation failure, mitigate complications, and reduce the 
duration of hospitalization. Based on a recent extensive analysis, the utilization of 
NIV after cardiothoracic surgery has been shown to enhance individuals’ oxygenation 
levels, decrease the likelihood of postoperative complications, and diminish the need 
for endotracheal intubation [21, 22].

4.4 Tissue perfusion

Tissue perfusion refers to the process by which blood is delivered to and circulated 
within the various tissues of the body. Blood lactate and central-venous oxygen satu-
ration (ScvO2) have been identified as important and separate factors that can predict 
the occurrence of complications and death after cardiac surgery, especially in patients 
with left ventricular failure. Nevertheless, there exists a correlation between tissue 
hypoxia and negative postoperative outcomes, including skeletal muscle weakness, 
systemic acute inflammation, septic shock, and acute renal failure. Postoperative 
complications are often exacerbated by low ScvO2 levels and elevated blood lactate 
values, leading to prolonged hospitalization and heightened rates of morbidity and 
mortality. A deviation from normal ScvO2 levels, such as a lower value of 68% or a 
higher value exceeding 80%, may suggest an augmented rate of oxygen extraction 
to fulfill the metabolic requirements of organs. Additionally, this condition may be 
accompanied by an elevation in anaerobic energy production and the accumulation 
of blood lactate. The potential benefits observed after the implementation of NIV 
in individuals with left ventricular (LV) dysfunction can be attributed to its ability 
to improve cardiac function by reducing inspiratory effort and LV afterload. There 
is empirical evidence suggesting that NIV can potentially improve cardiac function 
through the modification of cardiac morphology. Elevated pleural pressure, subse-
quently leading to a decrease in transmural pressure, results in a reduction in both 
left-ventricle preload and afterload. This phenomenon induces an instantaneous 
impact on cardiac function in response to positive pressure. As a result of this obser-
vation, a proposition has been put forth suggesting that the application of positive 
pressure could potentially augment cardiac function and myocardial contractility. 
The utilization of bi-level positive airway pressure is advised due to the findings of a 
randomized controlled trial, which indicated that it yielded a greater improvement 
in left ventricular ejection fraction compared to continuous positive airway pressure 
in individuals diagnosed with systolic dysfunction [23]. According to Ranucci et al., 
blood lactate levels exhibited an increase of over threefold when the central venous 
oxygen saturation (CvO2) reached a value of 68%. The combined assessment of 
blood lactate levels and ScvO2 has the possibility to serve as a valuable clinical tool 
in distinguishing the etiology of elevated lactate levels, specifically whether they are 
attributed to hypoperfusion or other causative factors. In comparison to the cessation 
of mechanical ventilation (extubation), the initiation of NIV resulted in an increase 
in ScvO2. Conversely, the termination of mechanical ventilation (extubation) led 
to a decrease in ScvO2 [24]. Nevertheless, there was no alteration observed in arte-
rial blood oxygenation (SaO2). The findings indicate that enhanced distribution of 
blood flow, resulting in improved tissue perfusion, has a positive impact on heart 
function. Furthermore, the utilization of NIV contributes to a reduction in the effort 
required for respiration, primarily due to its assistance in supporting the function of 
the inspiratory muscles [25]. The occurrence of dyspnea in the early stages of heart 
failure can be ascribed to a redistribution of blood circulation toward the peripheral 
muscles during periods of physical exertion. Even during periods of inactivity, the 
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reduced capacity of the respiratory and peripheral muscles to undergo oxidation 
processes may result in an elevation in oxygen consumption and an inadequate 
provision of oxygen to meet the body’s demands. NIV utilization has been demon-
strated to decrease the effort required for respiration, leading to enhanced blood flow 
distribution and subsequent improvement in the perfusion of tissues and improved 
skeletal muscle weakness [26]. The application of non-invasive ventilation (NIV) in 
different clinical scenarios resulted in a significant decrease in blood lactate levels and 
an increase in central venous oxygen saturation (ScvO2). The utilization of NIV in the 
acute phase of cardiac rehabilitation following CABG surgery can effectively promote 
tissue perfusion.

4.5 Functional capacity

Functional capacity refers to an individual’s capability for executing tasks and 
engaging in activities in an approach that aligns with functional objectives. The 
occurrence of a significant decrease in functional capacity after undergoing heart 
surgery is well-documented in the literature. Several factors have been identified as 
contributors to this decline in functional capacity, including respiratory compromise, 
tissue perfusion, peripheral muscle dysfunction, and reduced cardiac function. 
Consequently, the utilization of non-invasive ventilation (NIV) in the acute phase of 
cardiac rehabilitation shortly after the removal of an endotracheal tube can effec-
tively enhance pulmonary function and oxygenation. This, in turn, facilitates the 
peripheral muscle’s blood flow, ultimately resulting in enhanced physical functional 
performance [27]. Additionally, the use of non-invasive ventilation (NIV) reduces 
the elevated workload on the respiratory system and enhances the delivery of blood 
to tissues by augmenting the left ventricular afterload function, ultimately leading 
to optimal cardiac output. In their study, Cordeiro et al. [28] demonstrated that the 
immediate implementation of NIV in the acute phase of cardiac rehabilitation follow-
ing extubation yields a significant enhancement in pulmonary function. However, it 
is worth noting that an enhancement in circulatory function and peripheral muscle 
perfusion has been shown to have a positive impact on walking and physical exercise 
performance [28]. Based on data obtained from the Brazilian Registry of Clinical 
Trials, the 6-minute walk test showed that the control group averaged 264.34 m and 
the experimental group 334.07 m. Three NIV sessions with a positive pressure of 10 
cmH2O for 1 h within 26 h after extubation yielded these outcomes. A 0.002 p-value 
showed a significant difference between the groups [29].

4.6 Acute respiratory failure (ARF)

Acute respiratory failure (ARF) is a medical condition categorized by the insuffi-
cient ability of the respiratory system to effectively oxygenate the blood and eliminate 
carbon dioxide. ARF is a commonly observed condition that occurs after cardiac 
surgery, particularly among individuals with pre-existing lung disease and undergo-
ing major heart surgery. The study revealed that individuals who underwent cardiac 
surgical procedures that involved a combination of factors such as low ejection 
fraction and severe SAPS II scores were identified as being at the greatest suscep-
tibility for the development of ARF following the surgery. In a study conducted by 
Filsoufi et al. [30], a cohort of 5798 individuals who underwent heart surgery within 
a six-year timeframe was examined. The researchers found that the incidence of acute 
renal failure (ARF) reached its peak at 9.1%, with a total of 529 cases [30]. ARF is 
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predominantly observed in patients undergoing both valve and CABG procedures, 
with a prevalence rate of 14.8%. In a study conducted over a span of 4 years, Kilger 
et al. [31] examined a cohort of 2261 individuals who underwent cardiac surgery. 
The findings of the study revealed that 35% of the patient population experienced 
post-extubation ARF. Furthermore, it was observed that intermittent NIV treatment 
proved beneficial for 33% of these patients. ARF following extubation is a significant 
complication that has the possibility to elevate both morbidity and mortality rates 
[31]. The administration of early NIV therapy in the acute phase of cardiac reha-
bilitation after extubation demonstrated efficacy in mitigating the occurrence of 
respiratory compromise following extubation in a population at high risk. Patients 
diagnosed with hypoxemic ARF have the potential to successfully circumvent the 
need for endotracheal intubation. In a clinical study involving 94 patients with ARF, 
it was observed that 89 individuals (94%) were able to successfully avoid the need 
for endotracheal intubation through the implementation of NIV. Notably, initiating 
NIV within a timeframe of 3 h following a minor decline in the proportion of arte-
rial oxygen partial pressure to fractional inspired oxygen (PaO2/FIO2) was found 
to be advantageous for patients with moderate hypoxemic respiratory failure after 
cardiovascular surgery. This finding holds a significant interest. Nevertheless, it is 
imperative to prioritize early intubation and exercise caution when selecting patients 
for NIV. Additionally, it is important to note that a 24-h interval between extubation 
and NIV initiation poses a substantial risk for NIV failure [32, 33]. In a randomized 
controlled trial, it was determined that a score exceeding 20 on the Acute Physiologic 
Assessment and Chronic Health Evaluation (APACHE) II is an independent risk 
factor for NIV failure in patients who undergo extubation for acute respiratory failure 
(ARF) [34]. Nevertheless, the occurrence of reintubation ranges from 6% to 52% 
among patients who undergo NIV following cardiac surgery [17]. After undergoing 
cardiothoracic surgery, the implementation of NIV therapies demonstrated enhanced 
oxygenation and a decreased necessity for reintubation. The use of NIV proved to 
be a secure and effective strategy for managing postoperative ARF in a cohort of 83 
patients. These individuals were discharged to their homes after receiving NIV to 
treat respiratory failure after heart surgery, which took place outside of the critical 
care department [35]. According to the available evidence, individuals diagnosed with 
hypoxemic ARF have the possibility to successfully circumvent the need for endo-
tracheal intubation. In a clinical study involving a cohort of 94 patients diagnosed 
with ARF, it was observed that 89 individuals (94%) were able to successfully avoid 
the need for endotracheal intubation through the implementation of NIV. NIV in 
the acute phase of cardiac rehabilitation has been identified as a secure and feasible 
alternative for managing cases of postoperative ARF in settings outside of the critical 
care department, provided that careful monitoring is maintained.

5. Modalities of non-invasive ventilation

Non-invasive positive pressure ventilation (NIPPV) refers to oxygen delivery 
through a face mask, utilizing either constant or variable pressures. Examples of 
NIPPV include bi-level positive airway pressure (BiPAP) and constant positive 
airway pressure (CPAP). A significant proportion of medical practitioners opt for 
uncomplicated and easily transportable NIV devices. BiPAP (IPAP and EPAP) devices 
have been specifically engineered to provide two adjustable pressure levels. There are 
two types of positive airway pressure: inspiratory positive airway pressure (IPAP) 
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and expiratory positive airway pressure (EPAP). CPAP is administered exclusively 
through the use of expiratory positive airway pressure (EPAP). A limited number of 
machines possess time modes that allow for the delivery of pressure support (PS) at 
pre-established intervals [36]. In addition to their primary function, invasive ventila-
tors can deliver NIV. However, it should be noted that older models of ventilators may 
generate frequent alarms related to “air leaks” when used for NIV ventilation. This is 
primarily because these older models cannot adequately adjust for changes in airflow. 
The more recent iterations of ventilators have addressed the issue of leakage in the 
ventilator circuit through the implementation of microprocessors. These micropro-
cessors are responsible for monitoring the variations in inspiratory and expiratory 
tidal volumes during the initial breath cycle. Consequently, the peak inspiratory flow 
experiences an increase without a concomitant increase in the inspiratory time. CPAP 
modes are frequently employed in conventional ventilators to deliver NIV. Currently, 
the chosen CPAP and PS levels align with the IPAP and EPAP configurations of 
the conventional portable NIV. It is advisable to consider that the PS setting on the 
conventional ventilator provides an additional level of PS beyond the specified CPAP 
level. In contrast, the pressure support of the IPAP in a typical portable NIV machine 
incorporates the configured EPAP. Therefore, the PS provided by a portable device, 
measured at 14 and 8 cm H2O, is equivalent to the delivery of 6 and 8 cm H2O by a 
standard ventilator. If the patient requires supplementary breaths, the utilization 
of the synchronized intermittent mandatory ventilation (SIMV)-pressure control 
mode may be considered. The inclusion of non-invasive ventilation pressure support 
(NIV PS) has become prevalent in contemporary ventilators. In the present scenario, 
the inspiratory pressure and positive end-expiratory pressure (PEEP) are adjusted 
to meet the required breaths, while the PS and CPAP are adjusted to regulate the 
patient’s ventilation during spontaneous breaths.

6. Failure of non-invasive ventilation

Endotracheal intubation (ETI) becomes necessary in situations where NIV proves 
ineffective, as the alternative outcome would be the patient’s demise. The study 
results specify that there is a distinct association between NIV failure and mortality 
specifically in patients with ARF. This observation suggests that the utilization of 
NIV applications should be approached cautiously. The primary factors contribut-
ing to the failure of NIV in the acute phase of cardiac rehabilitation of postoperative 
CABG patients are characterized by inadequate monitoring and a lack of attentiveness 
toward the patients’ response to NIV therapy. NIV failure can be categorized into 
three distinct time periods: immediate failure, which occurs within minutes to less 
than 1 hour; early failure, which transpires between one and 48 h; and late failure, 
which manifests after 48 h. Simultaneously, it is important to take into account 
additional factors such as the size of the mask, circuit leaks, and inadequate trigger 
levels. These aspects can be adjusted according to the patient’s comfort to achieve 
the most favorable outcome. Nevertheless, despite these interventions, if respiratory 
distress persists, it is advisable to contemplate discontinuing NIV and instead opt for 
elective intubation and mechanical ventilation. The ratio of arterial oxygen (PaO2) 
to inspired oxygen (FiO2), commonly referred to as the PaO2/FiO2 ratio, along with 
baseline indicators such as heart rate and respiratory rates, serve as prognostic factors 
for determining the success or failure of NIV in cases of acute respiratory failure 
[37–39]. In a separate investigation on acute postoperative respiratory insufficiency, it 
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was observed that the PaO2/FiO2 ratio exhibited a decline after 1 hour of NIV therapy. 
Several randomized controlled trials (RCTs) conducted on patients in intensive criti-
cal care units have made predictions about the failure of NIV in cases of postoperative 
ARF. These predictions include factors such as the worsening of pre-existing diseases, 
high scores on the Simplified Acute Physiology Score (SAPS) II, scores on the Acute 
Physiology and Chronic Health Evaluation (APACHE) II, presence of multiple organ 
dysfunctions, acute respiratory distress syndrome (ARDS), community-acquired 
pneumonia, and shock [40, 41]. Evidence-based research insists on the cautious 
selection of patients or the avoidance of NIV therapies in CABG patients experiencing 
severe acute respiratory failure. Recent studies have indicated a correlation between 
delays in the intubation process and adverse outcomes, as well as heightened mortal-
ity rates in the affected population.

7. NIV Interfaces and start-up

The crucial factor contributing to the success of NIV in the acute phase of cardiac 
rehabilitation is purely based on the careful selection of an appropriate mask, encom-
passing considerations of patient comfort, optimal fit, and tolerance. Currently, there 
are various interfaces for NIV, including oronasal masks, nasal masks, nasal pillows, 
full-face masks, and helmets. However, there is not much actual data to show that 
one technique is better than the other. The utilization of a full-face mask has been 
observed to result in oronasal dryness and claustrophobic sensations. However, it 
effectively mitigates the occurrence of air leaks in the vicinity of the eyes and mouth, 
while also alleviating discomfort experienced above the nasal bridge. Oronasal masks, 
conversely, are frequently employed in clinical settings [42]. Proper monitoring of 
non-invasive ventilation (NIV) following extubation is essential. It is crucial to engage 
in preoperative discussions with the patient regarding the significance and procedural 
techniques associated with NIVs. This proactive approach is vital as it contributes 
to the patient’s postoperative comfort. It is recommended that patients receive an 
adequate dosage of analgesics and be positioned at an inclination of no less than 35 
degrees before initiating non-invasive ventilation (NIV). The initiation of the NIV 
(CPAP Mode) involves the implementation of low-pressure support (PS) to facilitate 
the patient’s prompt adaptation to the administered pressure, thereby synchronizing 
with their respiratory pattern. Once the patient has achieved a satisfactory level of 
respiration comfort, progressively increase the pressure support (PS) and secure the 
head straps as necessary. The increment of the PSs should be tailored to the individual 
patient to achieve a reduction in breathing effort and ensure appropriate synchroniza-
tion. To ascertain the veracity of clinical alterations, it is recommended to procure 
arterial blood gas measurements within a time frame of 1–2 h. The subsequent step 
involves the utilization of an inspiratory volume trigger, which can vary between 1 
and 2 L/min, or an inspiratory pressure trigger, ranging from 1 to 2 cm of water. This 
trigger is implemented with a moderate to maximal slope. Typically, in the initial 
stages of utilizing the NIV mode known as BiPAP, it is common practice to apply mini-
mal levels of expiratory positive airway pressure (EPAP) at 4 cm of water and inspira-
tory positive airway pressure (IPAP) at 8 cm of water, which is 4 cm higher than the 
EPAP level. The EPAP and IPAP levels can be incrementally increased by 1–2 cm of 
H2O until reaching a maximum of 10 cm of H2O for EPAP and 25 cm of H2O for IPAP. 
If there is a need for increased pressure, it may be required to make adjustments to the 
interface, optimize the fit of the mask, or consider the option of intubation [43].



219

An Evidence-Based Approach to Non-Invasive Ventilation in Cardiac Rehabilitation…
DOI: http://dx.doi.org/10.5772/intechopen.1002854

8. Untapped opportunities in the non-invasive ventilation (NIV)

Irrespective of the benefits ascribed to the utilization of NIV in the acute phase 
of cardiac rehablitation, there exists considerable heterogeneity in the approaches 
employed for its implementation across different healthcare institutions worldwide. 
A significant proportion, specifically 30%, of medical practitioners/respiratory phys-
iotherapists do not perform an initial blood gas analysis before initiating non-invasive 
ventilation (NIV). In a study involving a sample of 3000 physicians, it was found that 
648 individuals, constituting 21.6% of the participants, reported utilizing NIV in the 
critical care unit setting. Among these respondents, 469 physicians, accounting for 
72.4% of the NIV users, reported incorporating NIV into their clinical practice, repre-
senting approximately 68.4% of their overall patient care. Furthermore, it was observed 
that a significant proportion of physicians, specifically 71.4%, reported employing NIV 
frequently for managing chronic obstructive pulmonary disease (COPD) exacerbations 
[44]. The routine utilization of NIV for the prevention or treatment of respiratory failure 
after CABG surgery was not observed. According to a retrospective analysis spanning 
6 years, it was observed that among patients with acute respiratory failure who satis-
fied the eligibility criteria for the NIV trial, only 34% received NIV, while a significant 
majority of 66% required endotracheal intubation [45]. One evident factor contributing 
to the underutilization of the NIV is the presence of inadequate comprehension and 
insufficient training among medical practitioners, including doctors and respiratory 
therapists. To optimize the results of NIV in the acute phase of cardiac rehabilitation, it 
is recommended to seek virtual tutoring and training as a means to mitigate failures and 
enhance the utilization of NIV during the postoperative period [46].

9.  Non-invasive ventilation (NIV) as an aid to cardiac rehabilitation 
(phase-I)

In healthy elderly people, 10 days of bed rest reduces quadriceps strength by 20% 
[47]. After CABG surgery, pulmonary function and skeletal muscle weakness are the 
main factors reducing ADLs. Despite early mobilization and chest physiotherapy, 
cardiac surgery patients often develop pulmonary dysfunction and muscular weakness. 
This might worsen post-operative outcomes if preoperative variables such as loss of 
body tissue, physical inactivity, altered metabolism, multiple comorbidities, decreased 
LV functions and age were present. Generally, pulmonary dysfunction and muscular 
inactivity are caused by surgical stress and pain which is the most reversible component 
after cardiac surgery [48]. In this context, cardiac rehabilitation is an effective therapy 
for patients with cardiovascular disease that improves pulmonary, functional capac-
ity, and quality of life, as well as reducing hospital admissions and health care costs. 
Cardiac rehabilitation consists of three phases: phase-1 (clinical phase), phase-2 (out-
patient cardiac rehabilitation), and phase-3 (post-cardiac rehabilitation maintenance). 
Phase 1 cardiac rehabilitation starts in the critical care units (if the patient is stable). 
Rehabilitation intensity depends on the patient’s medical state and acute illness complica-
tions. Following CABG and after extubation NIV could be considered as a prophylactic 
and therapeutic tool to improve pulmonary gas exchange in postoperative patients. This, 
in turn, facilitates the peripheral muscle’s blood flow, ultimately resulting in enhanced 
physical mobility. The frequency and duration of non-invasive ventilation (NIV) treat-
ment, regardless of its prophylactic or therapeutic nature, are exclusively determined by 
the patient’s medical condition and their level of participation.
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Despite evidence of extensive research supporting the advantages of NIV associ-
ated with cardiac rehabilitation, the level of patient participation in such programs 
remains notably deficient. According to data obtained from Medicare and the Centers 
for Disease Control and Prevention (CDC), it has been shown that around 31% of 
patients who had coronary bypass grafting surgery participated in or were enrolled in 
cardiac rehabilitation or secondary prevention programs. Qualitative research done 
in 2017 on how patients felt about cardiac rehabilitation showed that the severity of 
the cardiovascular illness or incident, the presence of pre- and post-psychological 
obstacles, such as time constraints and exercise-related apprehension in phase I 
cardiac rehabilitation, and the patient’s future goals were some of the things that 
affected the patients’ feelings about cardiac rehabilitation and their participation in 
the program [49]. Hence, the cardiac rehabilitation team needs to consider NIV as 
prophylactic or therapeutic, based on the patient’s medical conditions and other fac-
tors, when formulating phase I cardiac rehabilitation programs for patients.

10. Future research

Previous research investigations have highlighted the potential advantages of 
NIV for individuals undergoing cardiovascular surgery, both before and after the 
procedure. However, there is a dearth of empirical evidence to substantiate this 
assertion. Further investigation is warranted to ascertain the appropriate recipients, 
timing, and methodologies for treatment. It is observed that individuals who undergo 
cardiac surgery have a higher propensity for developing pulmonary complications. 
Consequently, the timely administration of NIV in selected patients has the potential 
to substantially reduce the duration of hospitalization and demonstrate cost-effec-
tiveness. Unfortunately, there is currently a lack of available data about the economic 
aspects of the subject matter. It would be beneficial to undertake additional compre-
hensive research to examine the complexities associated with non-invasive ventilation 
(NIV). Moreover, it is imperative to undergo training to ensure the efficacy and safety 
of NIV. To facilitate the implementation of non-invasive ventilation (NIV) interven-
tions, the cardiac thoracic intensive care unit (CTICU) must establish a consistently 
available NIV service and employ a skilled team comprising of a physician and a 
respiratory physiotherapist who possess extensive knowledge and expertise in NIV 
techniques [50].

11. Conclusions

The use of established guidelines, evidence-based training, and practical applica-
tion have together enhanced the efficacy of non-invasive ventilation (NIV) in phase-I 
of cardiac rehabilitation. The involvement of a healthcare practitioner, such as a phy-
sician or respiratory physiotherapist, who has the requisite knowledge and is ready to 
dedicate extra time to the initiation and execution of non-invasive ventilation (NIV) 
therapy is essential for the initiation of NIV therapy. Nevertheless, more research 
using randomization is required to demonstrate empirical support for the use of 
non-invasive ventilation (NIV) in patients who have had coronary artery bypass graft 
(CABG) surgery, particularly during the phase-I cardiac rehabilitation.
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Chapter 14

Physiotherapy in Chronic Venous 
Disease
Margit Eidenberger

Abstract

Chronic venous disease is a highly prevalent disorder. Risk factors are obesity, 
smoking, orthostasis, and family history. Pathophysiology encompasses changes 
such as venous hypertension, reflux, valve incompetencies, and calf-muscle weak-
ness. Patients complain about skin changes, leg edema, pain, and ulcers. Possible 
recurrence of varicoses and surgery complications shift the focus on conservative 
approaches. The mainstay is compression therapy, applied by using multi-layer com-
pression bandages or adequate compression stockings. Active exercises tackle muscle 
pump weakness, ankle joint restrictions, and physical activity. Aerobic exercises focus 
on lower limb activities (walking, cycling, aqua exercises) and are complemented 
by resistance exercises and muscle stretching. The gait pattern needs analysis and 
adaptation. Breathing exercises and manual lymphatic drainage act as a supplement. 
A critical factor for success is the patient’s adherence to lifestyle changes and health 
behavior. Therapists must motivate, guide, and educate their patients. They advise 
them on clothes/shoes and activities of daily life.

Keywords: chronic venous disease, post-thrombotic syndrome, venous ulcer, 
compression therapy, exercise training, breathing exercises, manual lymphatic drainage

1. Introduction

Chronic venous disease (CVD) is a highly prevalent morbidity, affecting up to 
17% in male and 40% in female gender, respectively [1]. Well-known risk factors 
are obesity, older age, smoking, orthostasis, and specific family history [2, 3]. CVD 
pathophysiology encompasses morphological and functional changes such as venous 
hypertension, venous reflux, valve incompetencies [1], and calf muscle weakness 
or failure [4]. Patients complain about skin changes, leg edema, pain, and recurrent 
ulcers all of which impact quality of life (QoL) negatively [5].

CVD can be staged by using the Clinical condition, Etiology, Anatomic loca-
tion, Pathophysiology (CEAP) classification (C0–C6), involving clinical condition, 
etiology, anatomic location, and pathophysiology as denominators, ranging from no 
clinical signs to active ulcer [6].

Conservative (compression therapy [CT], physiotherapy) and invasive/operative 
treatment methods (endovenous sclerosis, valvuloplasty) [7] are available and are 
applied based on the disease’s severity. Possible recurrences of varicose veins after 
surgery and surgery complications (infection, scarring, and nerve injury) [1] shift 
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the focus to the beforementioned conservative approaches. Various current scientific 
evidence hints at the successful implementation of physiotherapeutic treatment 
methods for CVD [8].

The mainstay of treatment is CT [9]. Multi-layer compression bandages including 
padding, if necessary, or compression stockings in the long-term can be used. Active 
exercise training strives at counteracting muscle pump weakness, ankle joint restric-
tions, and patients’ overall often diminished physical activity [3]. As an adjunctive 
component, breathing exercises and manual lymphatic drainage are applied to 
enhance venous backflow [8]. In this chapter, it was decided to not mention other 
possible therapies, such as drugs or surgery, as this would deviate from the primary 
intention of physiotherapeutic approaches.

A critical factor for therapy success is the patient’s therapy adherence hindered 
by a need to change lifestyle and health behavior as well as a perceived discomfort 
with the CT [10]. Patients with more advanced health literacy adhere better to their 
prescribed therapies. So, therapists must motivate for exercise and CT, guide, and 
educate their patients to change their daily life, and wear proper clothes and shoes in 
order to achieve long-term results. Lifestyle changes need first time, second, support 
and advice, and finally tailoring to the patient’s needs to succeed [3].

This chapter will give an overview of different physiotherapeutic approaches, 
guiding the patient through different stages of CVD disease, i.e., varicoses, chronic 
venous insufficiency, deep venous thrombosis, and venous ulcer by showing the latest 
evidence for physiotherapeutic protocols and regimes.

2. Physiology and pathophysiology

2.1 Vein and tissue physiology and pathophysiology

A total of 90% of the venous blood flow is executed in the deep venous system, 
lying subfascial in the musculature. The remaining 10% of blood is transported by the 
superficial veins. Under physiological conditions (normal vein diameter, sufficient 
valves, no obstacles) during a muscle contraction, the venous blood from the deep 
veins is promoted forward to the heart against gravity. Both systems are intercon-
nected by the so-called communicating, i.e. perforating veins. During muscle relax-
ation, more blood is sucked from the superficial system on the surface into the deep 
system [8] and from the distal parts of the leg to the more proximal ones. This kind of 
microcirculation is the reason for instructing dynamic exercises, which combine both, 
contraction and relaxation alternatingly.

CVD pathophysiology encompasses morphological and functional changes such as 
venous hypertension, venous reflux, and valve incompetencies [1]. CVD is differenti-
ated in primary venous insufficiency, characterized by a reduced elastin component 
in venous walls. Primary venous insufficiency is more common in women than in 
men. Secondary venous insufficiencies are the consequence of previous deep venous 
thrombosis (DVT) leading to inflammatory responses and valve destruction at the 
thrombus site. Inflammation further leads to increased permeability of venous walls 
[11]. It has been shown that ongoing inflammation is a considerable part of CVD. 
Inflammatory-related cells such as neutrophils, inflammation-related proteins [12], 
and the neutrophil-lymphocyte ratio were elevated in patients with CVD [13]. If CVD 
is not treated accordingly, the disease will progress to increasing morbidity and higher 
stages [1].
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Post-thrombotic syndrome (PTS) develops with an incidence of about 25–50% in 
the first 2 years after DVT [14, 15]. This wide range can be explained by the thrombus 
length and location as well as patient characteristics (age) and other existing comor-
bidities. Patients develop chronic venous hypertension, which cannot be reduced with 
walking or exercise alone, as the primary morbidity leads to damaged venous valves 
and subsequently venous reflux. The vein is also constricted because of incomplete 
thrombus removal and inner wall scarring [15]. Besides this, a significant number of 
DVTs remain unrecognized and therefore undiagnosed and untreated [16]. A vicious 
cycle develops with venous hypertension leading to further endothelial permeability 
of plasma and proteins into the interstitial space [4, 17].

A considerable number of patients develop venous leg ulcer (VLU) with a total 
prevalence of 1.5% [18]. Superficial skin trauma (e.g., after scratching because of the 
itchy condition) is often the reason for VLU or its recurrence. Ulcers are highly prone 
to recurrence with a 60–70%-rate within 10 years [19]. Ulcers are most likely located 
cranially of the medial malleolus, where the Cockett perforator veins connect the 
superficial and the deep venous system, and a high pressure is exerted on the superfi-
cial venous system. Additional symptoms are pruritus, atrophic skin changes, atrophy 
blanche, hyperpigmentation from hemosiderin deposition, eczema, and lipodermato-
sclerosis [4, 20]. Persistent VLUs for more than 3 months, with a length of ≥10 cm or 
combined with obesity or advanced age have a poor prognosis in healing. For proper 
therapy VLUs must be differentiated from other ulcers, e.g. caused by peripheral 
arterial disease, diabetes mellitus, or malignancies [20]. Though not showing any vein 
obstruction or reflux at ultrasonography, obese patients (stage 1–3 = BMI 35—≥ 40) 
can develop VLUs, indicating a correlation between CVD and obesity because of 
increased intraabdominal pressure [21]. It was confirmed that obesity contributes to 
hindered venous backflow [22].

Patients complain about skin changes, leg edema, pain, itching night cramps 
[11], and recurrent VLUs, all of which reduce QoL gravely [5]. The more skin mani-
festations are present as symptoms, the higher the reported pain was in a sample of 
250 patients from CEAP stages C2 to C6 [6]. Loss of work productivity, sick leaves, 
dependences, and limited self-esteem can follow. The economic and social burden of 
CVD should not be underestimated. It was calculated that the cost of treating VLU 
per year reaches 3 billion dollars in the USA [18]. These costs are mainly attributed to 
the intensive wound care requirements [15], but also to hospital admissions.

2.2 Clinical assessment

After taking a detailed patient’s history (including family history) a physical 
examination including inspection and palpation of both legs follows. During this 
examination, patients are undressed in the lower body and remain in a standing 
position. Visible varicose veins are documented on the body chart. Palpation or more 
precise infrared thermometers can determine elevated leg/foot temperature [23]. 
Ulcers are photographed with a measurement ruler lying nearby for later comparison. 
Their location is also documented on the body chart.

Poor knee alignment is another indicator for reduced venous backflow as knee 
recurvation pushes the veins at knee level against the upper dorsal part of the tibia. 
Orthopedic comorbidities, such as osteoarthritis or several foot alignment disorders 
(pes valgus, hallux valgus, flat foot, etc.) can afflict efficient stance phase and muscle 
force meanwhile and should be targeted later by e.g. insoles, foot muscle exercises, and 
joint reharmonization techniques. To exclude other circulatory diseases, distal pulses 
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(A. poplitea, A. tibialis posterior, A. dorsalis pedis), and an ankle-brachial index should 
be taken. The patient’s common sitting position should be evaluated. Knee flexion of 
more than 90° should be avoided because of vein constriction in the popliteal area and 
further to avoid stocking material wrinkles giving pressure. Patients should also avoid 
a cross-legged position while sitting for the very same reasons.

A test of possible indentation (pressing the thumb into the patient’s forefoot/lower 
limb tissue gives a first hint of pitting edema. This is followed by a Stemmer’s sign, 
where the assessor takes a skinfold between his thumb and index finger at the second 
toe, the forefoot, the ankle, and the lower limb. Stemmer’s sign is an easily applicable, 
quick, but sensitive means for edema detection [24]. Physiotherapists should measure 
leg and foot circumference at certain predefined points: forefoot (4 cm/8 cm above 
little toenail, ankle (lateral malleolus), 10/20/30 cm above ankle level (Figure 1). The 
figure-of-eight measurement can be used to specify ankle proportions.

For gait analysis patients are asked to walk through the room while the assessor is 
watching for step/stride length, foot, and joint mobility. Video apps can assist in re-
watching the gait sequence, also at low speed. It should be noticed if patients are using 
some kind of cane, crutches, or rollator. The easiest way to assess patients’ QoL is by 
employing the Visual Analog Scale (0 = very low, 100 = very high). Physical activity 
can be assessed with e.g. the International Physical Activity Questionnaire [25, 3].

2.3 Muscle status

Lower limb muscle strength is very often reduced in CVD patients. 
Physiotherapists are measuring muscle strength from 0 (no muscle activity at all) 
to 5 (full exhibition against maximal resistance). This symptom worsens with CVD 
severity. Possible explanations are the inactivity/reduced physical activity level [25] 
in combination with obesity and pain. Physical activity is also correlated to QoL, both 
declining with progressing disease [26], resulting in compromised active social par-
ticipation. Muscle strength measurements with an isokinetic dynamometer showed 
significant reductions in lower limb muscle strength of the plantar flexion muscle 
groups in comparison to healthy controls [27]. Muscle strength, measured with a 
heel-rise test capability, was reduced in more severe cases of CVD [28].

Figure 1. 
Foot/lower leg measurement.
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Lower limb muscle strength is connected to limited ankle range of motion (ROM) 
which does not allow full joint movements and therefore inhibits muscle strength 
enforcement at different angles and an altered gait pattern while walking. The 
latter leads to a reduction of bodily counter-acting of ground reaction forces in the 
transition from terminal stance to pre-swing. During this gait phase, the foot should 
actively push off the ground. The gastrocnemius muscle (M. triceps surae) is respon-
sible for the important calf muscle pump. Additional muscles (M. flexor hallucis 
longus, M. flexor digitorum longus) are responsible for the so-called “sole-pump”. 
Impossibility or restriction (bedrest, plaster cast) of muscle pump activity, therefore, 
results in reduced muscle strength and venous flow.

2.4 Ankle range of motion

Ankle ROM measurement in physiotherapy practice is taken with a (digital) 
goniometer. More sophisticated devices such as inclinometers are available, but not 
commonly used in everyday practice. A normal ROM is ranged at 20/0/50.

Although adjusted for age, gender, obesity, and previous trauma, Tavares et al. 
documented a significant loss in ankle ROM in individuals with CVD (n = 810) of 
about 14° which represents a loss of 20% of the total ROM. This reduction was applied 
to legs with active VLUs compared to healthy legs. The authors could not detect 
significant differences in ROM between legs with confirmed CVD, but no ulcer and 
healthy legs [29]. A very recent meta-analysis was able to show that both, dorsiflex-
ion, and plantarflexion is impaired in patients with VLU when comparing healthy 
subjects and patients with CVD without ulcer [30]. As more women are affected by 
CVD, also high-heeled shoes can be a predisposing factor for loosing full ankle ROM 
because of the pronounced plantarflexion during standing and walking.

ROM and muscle strength are in close connection: without full ROM the muscle 
is unable to develop its force at different joint angles. The calf muscle efficacy 
depends on the ankle joint, i.e. talocrural mobility as well as on muscular force [8]. 
Furthermore, without sufficient dorsiflexion during the swing phase, while walking, 
the calf muscles are not pre-stretched in the same way as they would have been with 
normal ROM. This results in a diminished muscle force capacity in the upper-next 
contraction while walking, that is the following transition from mid-stance to pre-
swing, where the calf and plantar foot muscles should push off the ground effectively.

2.5 Assessments and staging tools

Duplex ultrasonography is an efficient means to evaluate the venous system and 
the gold standard for imaging CVD and confirms the diagnosis. It can provide an 
assessment of vein anatomy and its function. It is widely used because of its low costs, 
non-invasiveness, and good reliability. It serves for treatment planning as well as for 
evaluation [31].

The CEAP classification stages CVD into 7 different categories. It uses denomina-
tors such as clinical condition, etiology, anatomic location, and pathophysiology. 
Stage C0 is characterized by not visible or palpable signs of CVD, C1 by teleangiecta-
sia or varicoses <3 mm, C2 by varicoses >3 mm, C3 by edema, C4a/b by stasis derma-
titis and lipodermatosclerosis, C5 by a healed venous ulcer, and finally C6 by active 
ulcer [6]. Clinical signs given as cutaneous symptoms and disease severity measured 
with CEAP and pain are significantly correlated [6].
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The Venous Clinical Severity Score (VCSS) uses pain, varicoses, edema, skin 
pigmentation, inflammation, induration, number of active ulcers, their duration, 
size, and whether CT is applied as denominators. The scale is given as a 4-point Likert 
description (absent = 0, mild =1, moderate = 2, severe =3). The results range from 0 to 
30, the more points, the severe the CVD is [6].

The CICIQ (Chronic Lower Limb Venous Insufficiency Questionnaire) is a 
validated questionnaire to check health-related quality of life in CVD with several 
cross-cultural adaptations. Two versions are available: 14 or 20 items (4 dimensions: 
physical, psychological, social aspects, pain). Both versions display adequate psycho-
metric properties and can differentiate between various levels of CVD [32].

The Villalta classification is recommended to stage and diagnose PTS. It shows 
better sensitivity than comparable tools. Symptoms such as pain, cramps, heaviness, 
paresthesia, and pruritus are self-rated by the patient. The clinical signs (pretibial 
edema, skin induraion, hyperpigmentation, redness, venous ectasia, pain on calf 
compression, and ulcer) are rated by the physician with a scale of 0–3, except ulcer 
(present vs. absent) [33].

2.6 Six-minute-walk test

The Six-Minute-Walk Test can depict functional capacity and treatment efficacy 
over time in CVD patients. This test is easy to execute for physiotherapists with 
only a corridor with a minimum walking length of 30 or 50 m, several plastic cones 
to subdivide the distance into smaller units and a watch. For safety reasons, the 
blood pressure, heart rate, oxygen saturation, and the patient’s level of fatigue after 
completing the test are also measured. In CVD patients the 6MWT distance was 
significantly reduced when compared with healthy controls [25]. When assessed with 
their preferred walking speed, CVD patients choose to walk significantly slower than 
healthy controls (1.25 m/sec ± 0.31 vs. 1.44 m/sec ± 0.015 [34].

3. Compression therapy

The mainstay of treatment is CT [9]. Physiological reasons for compression 
encompass improvement of valve function, reduction of fluid filtration into the 
interstitial tissue, support of insufficient muscle pump, increase of blood flow 
velocity, and pain reduction [35]. After endovenous thermal ablation CT could 
reduce pain in the first 10 days after surgery and enforce a quicker return to 
normal activities of daily life (ADL) [36]. During walking CT can improve venous 
hemodynamics by reducing venous reflux [37]. Because of a reduction of several 
inflammation-associated proteins CT could improve endothelial function [12]. 
Contraindications to be considered are peripheral arterial disease with an ankle-
brachial index of <0.6, heart failure class III and IV, severe sensitivity disorders, 
e.g. neuropathy accompanying diabetes mellitus as well as allergy to the material 
used.

CT can be applied by using multi-layer compression bandages or compression 
stockings in the long term. Four different compression stocking classes with pressures 
from 18 to >47 mm Hg are prescribed in different lengths according to the patient’s 
symptoms and needs. They exert a graduated pressure, the highest at the ankle 
level, subsequently decreasing up to the knee or thigh, ensuring upward blood flow. 
Flat-knitted customized stockings are recommended for patients with greatly varying 
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leg diameters or CVD in combination with lymphedema. Over-the-counter sold 
 round-knitted stockings are prescribed in CVD.

Although CT is strongly recommended for CVD, patients’ adherence is rather poor. 
Given reasons are discomfort, difficulties with donning/doffing (e.g. limited mobility, 
finger/hand arthritis), feelings of claustrophobia, etc. Several donning aids such as 
handy gloves or more sophisticated devices (slippery sleeves, stocking donning butlers, 
or the Doff N´ Donner, a soft silicone sleeve) can easily CT use. To overcome the don-
ning problems for elderly patients, compression wrapping systems can be an alterna-
tive [38]. It was stated that achieving a good adherence to CT is “more important than 
choosing the highest possible compression class” [39]. Stockings are worn daily, donned 
after morning hygiene, and doffed shortly before going to bed. After 6 or 9 months at 
the most, they need to be exchanged for a new pair because of tension loss with wear-
ing and washing [4, 20]. Two sets of stockings are prescribed for hygienic reasons.

Even for skilled and trained medical staff, applying a thorough multi-layer com-
pression bandage remains a challenge. To overcome the difficulties with applying the 
pressure warranted and needed to support venous backflow, various pressure sensor 
devices such as the Kikuhime are recommended for bandage practice [40]. Bandages 
with optic marks that indicate optimal elongation can support healthcare staff and 
even lay persons in reaching an effective pressure [41].

After a mean wear time of 9.66(±1.7) hours of different CT (tights, knee-high) in 
CEAP class 3 for 6 months, a recent study showed significant improvements in CEAP 
class, pain, and QoL (measured with CIVIQ-20). The authors strongly support the 
physicians’ task to educate patients on the importance of CT and to prescribe CT. 
Otherwise they “are also partly to blame” [42] for outcome failure.

Makedonov et al. recommend elastic compression stockings immediately after DVT, 
as they have the potential to prevent PTS development. It may not be necessary to apply 
these stockings for 2 years (which was a long-followed tradition). If a period of symp-
tom stability is reached after just 1 year, this also may be enough. They also recommend 
early mobilization after DVT to diminish the risk of PTS [43]. Early mobilization also 
applies to patients after endovascular recanalization techniques [17] and superficial 
thrombophlebitis. Interestingly, patients with PTS who have a good adherence to their 
compression stockings showed similar scores in QoL as patients without PTS, underlin-
ing the importance of this intervention [44]. Below-knee stockings are better tolerated 
than above-knee stockings. The pressure should be selected at 20–40 mm Hg for 
patients with leg edema and discomfort after DVT [33]. After VLU healing, good adher-
ence to CT is crucial for the prevention of a recurrence [39]. Additionally, intermittent 
pneumatic compression may be an option for CVD and VLU. It should not come as a 
stand-alone treatment in VLU but can be used to amend conventional CT [20]. Multiple 
chamber devices should be preferred with a pressure set at 20–70 mm Hg.

4. Exercise therapy

Active exercise training strives at counteracting muscle pump weakness, ankle 
joint restrictions, and patients’ overall diminished physical activity. This influences 
microcirculation and venous hypertension by regulating bodily fluid balance [45] 
and is accompanied by losing body weight. Patients can combine exercise and CT 
effects by wearing their stockings during exercise. PTS patients should never exercise 
without CT. This ensures proper heart-directed venous backflow and led to higher 
transcutaneous oxygen partial pressure measurements than exercise alone [18]. 
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Different therapy approaches (aerobic, resistance, stretching) are combined for 
rehabilitative goals. Aerobic exercises with a focus on lower limb activities such as 
walking, cycling, running, aqua exercises, and swimming are complemented by lower 
limb resistance exercises and muscle stretching.

A systematic review scrutinized the effectiveness of therapeutic exercises for 
CVD patients. 11 studies with different therapy regimes were included. Aside from 
hemodynamic benefits (venous reflux, ejection fraction, residual volume), higher 
production of nitric oxide was described. Nitric oxide is a neuromodulator of venous 
tone which can prevent hypoxia injury [46].

The gait pattern needs to be therapeutically analyzed and changed, if necessary, 
for an improvement of muscle pump activity during walking. Patients need to adhere 
to a physiologic foot axis, that is a slight divergent line from the center of the heel 
to the proximal joint of the great toe. While climbing stairs, patients should not use 
the handrail, if possible. Furthermore, maximal muscle strength while ascending 
stairs can be achieved if the person puts only her/his forefoot on the next stair. This 
reduces the contact surface to the ground and subsequently leads to increased muscle 
deployment.

In PTS, exercise therapy has the capacity to reduce swelling and via an improve-
ment of the calf muscle pump alleviate the patients’ pain and discomfort. A system-
atic review that scrutinized exercise therapy in PTS was only able to include one study 
meeting their inclusion criteria (exercise therapy, Villalta score as outcome mea-
surement). Supervised and unsupervised exercise for 6 months (aerobic, strength, 
stretching) was compared with an educational session. Unfortunately, this study with 
only 39 participants bears a high risk of bias and failed to show significant differ-
ences. The paucity of evidence on this topic calls for further high-quality studies, as 
the authors could not give recommendations for exercise in PTS [15].

Mutlak et al. performed a 4-armed study (n = 80, exercise only, compression only, 
combination of both, control) to explore easy-to-perform dynamic exercises (10 
dorsiflexions every wakening hour). After 3 months ulcers had increased in diameter 
in the control group and stayed equal in the compression group. Both, exercise and 
exercise plus CT reduced ulcer size. The reduction was more noticeable in the com-
bined group [18].

4.1 Aerobic exercises

Each rehabilitation protocol must be tailored to patients’ capabilities and needs. 
Therefore, a thorough assessment, a therapy protocol, and patient education are cru-
cial. This approach facilitates patients’ motivation and can advance healthcare literacy 
for improving self-care management [47]. To enhance venous backflow, dynamic 
muscle contractions are recommended. The actual full joint ROM should be exploited 
during exercise.

The easiest exercise is the venous pump which can be applied in active and bed-
ridden weak patients. As longer bed rest deteriorates venous capacity [48], counter-
measures are warranted to avoid DVT. Patients are lying supine, legs elevated, and 
are wearing their CT if prescribed any. The ankle is moved in full range plantar- and 
dorsiflexion for 20 to 30 repetitions in 3 series with a short break (30 secs) in between 
ideally every wakening hour. The toes should be involved in the movement as well 
because plantar veins contribute to the physiology of venous return [49]. The venous 
pump exercise could reduce edema significantly better in a group of CVD patients 
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(CEAP C3–C5) in comparison to leg-elevated bed rest [50]. To enhance effectiveness, 
patients can use rubber bands for resistance or tight pillows to push the feet against. 
Pedal ergometers are small practical transportable training devices to be placed at 
the lower end of the bed for lying patients or on the floor in front of sitting patients 
(Figure 2). Patients can exercise with the pedal ergometer at different predefined 
resistances. Short training sessions for weak patients can start at 5–10 minutes of 
continuous training and progress to 20–30 minutes.

Walking/treadmill walking or bicycle exercises are useful means to employ great 
parts of lower limb musculature. They are also recommendable because of their 
familiar movement pattern, the low need for additional exercise equipment, and their 
easy compatibility with everyday life. Patients should walk at a moderate velocity, that 
is 3–4 km/h for at least 30 minutes daily wearing trainers or other comfortable flat 
shoes.

4.2 Resistance training

Strength/resistance training (RT) is indicated because of the before-mentioned 
muscle pump weakness [4]. RT should involve different lower limb muscle groups 
with a focus lying on ankle plantarflexion, i.e. the gastrocnemius muscle to ensure 
an active calf-muscle pump. Additionally, also ankle dorsiflexion, knee flexion, and 
extension components need to be integrated into the training sequence. To decipher 
the correct number of repetitions, patients are subjected to a multiple repetition 
maximum test of the latter resistance exercise. Training is executed with a submaxi-
mal number of the repetitions possible, e.g. 70%. The core exercise is the so-called 
“calf-raises” or “heel-rises” in different positions, at different muscle lengths, and by 
employing various muscle enforcements: dynamic-isotonic, concentric, and eccentric 
muscle contraction (Figure 3). For progressive training, it is important to re-evaluate 
the muscle strength and consequently adapt the number of repetitions and level of 
difficulty. Exercises should be accomplished daily.

Figure 2. 
Pedal ergometer.
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As muscle strength can be heavily compromised, RT sometimes needs to start at 
low levels, that is heel-rises in a sitting position. With time, the position moves on 
to standing on both legs and finally to a single-leg stance. A randomized controlled 
trial (n = 63) therapy protocol (10 repetitions, increased every 3 days per 5 repeti-
tions until 25 reps were reached; changing from sitting to double-stance and finally 
to single-stance) led to a trend of complete ulcer healing (p = 0.09; 77% vs. 53%) 
compared to usual care. Healing rates were better in the subgroup of patients who 
adhered at least to 75% of the therapy protocol [51]. O’Brien et al. confirmed similar 
findings. Their study protocol included a daily to perform progressive RT of calf 
muscle strength. The study had not enough power to significantly show a difference 
between this regime of 12 weeks and usual care. Nevertheless, there was a 24% dif-
ference in healing rates in favor of the exercise group, which was considered clinically 
significant. Patients who adhered to >75% of the program reached a significant 
improvement in ankle ROM [52].

To further aggravate the training circumstances, flexible surfaces, e.g. rolled-up 
gymnastic mats or balance pads can be used. Aside from strength, this also improves 
ankle ROM and balance capabilities.

4.3 Aqua exercises

Aquatic exercises bear several advantages in comparison to dry-land activities [53]. 
Firstly, the hydrostatic pressure of water executes pressure similar to CT. Hydrostatic 
pressure at 0.5 m below surface level is equivalent to 0.05 bar and 37.5 mm Hg, i.e. 
compression class level III. Secondly, during swimming or similar underwater move-
ments, the nearly prone or supine position removes parts of the gravitational force 
hindering venous backflow. Thirdly, additional leg and foot movements activate the 

Figure 3. 
Calf raises
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muscle pump. Lastly, it represents the possibility of exercise for obese patients without 
too much joint load. Unfortunately, patients with active ulcers cannot enter the pool for 
obvious reasons. Menegatti et al. subjected a group of 17 patients to an aqua exercise 
protocol (5 sessions per 30 minutes) aiming at mobilization and muscle activation of 
the lower limbs. Though lacking a control group, they showed a significant reduction 
of extracellular water content as well as a significant reduction of leg volume (−15.7%). 
The special water properties containing different chemical ingredients, e.g. Natrium 
or Kalium, may have played a role in these results [54]. A randomized controlled trial 
involved 201 patients for aqua exercises (walking in water, swimming) vs. control. All 
patients were instructed to wear knee-high compression stockings (30–40 mm Hg) the 
other time. 28% of aqua exercisers displayed a reduction of ≥4 points in the Venous 
Clinical Severity Score (significant in comparison to the control group). Leg circum-
ference decreased significantly in favor of aqua exercise [55]. A systematic review of 
Kneipp therapy (walking in calf-high cold water, lower leg cold water gushes) looked 
for evidence for this traditional therapy. 64% of the implemented studies reported 
significant enhancements for the Kneipp therapy [56].

4.4 Breathing exercises

As an adjunctive component, breathing exercises (supine, legs elevated, and 
combined with CT) can assist the other remedies. Several physiological reasons 
imply their effectiveness. The diaphragm enhances the blood flow from the lower 
extremities to the heart by executing a suction effect on the inferior vena cava [8]. 
In a 3-armed trial, inspiratory muscle training (IMT; 2×15 min per day for 8 weeks; 
5 days per week) plus CT was compared to CT alone or calf muscle exercise train-
ing. Although the sample size was small (n = 32), the authors observed a significant 
increase in venous refill time in both legs after IMT. Consequently, they recom-
mended the implementation of this approach to the therapy regime in CVD [8]. It 
should be noted that patients were sitting during IMT, maybe results would have 
been more pronounced if patients would have been lying supine, as suggested before. 
Kwon et al. measured blood flow velocity in the femoral vein during quiet breathing, 
deep breathing, and both, combined with ankle exercises in 20 healthy males in a 
supine position. Deep breathing accelerated the velocity from 10.1 cm/sec (±4.2) to 
15.5 (±3.9) cm/sec. The highest velocity was reached with deep breathing combined 
with ankle exercises (plantar-dorsiflexion; 26.6 (9.4). If these results also apply to 
individuals with CVD need further confirmation [57].

4.5 Additional measures

Additional measures include leg elevation to counteract gravity and body weight 
management. Short, repeated periods of lying supine during the day (5–10 minutes) 
relieve swelling and pain. If activities of daily life do not permit lying sequences, 
patients should at least put their leg(s) on a second chair for some time, e.g. during 
office hours. Patients should be educated on proper clothes (no socks with tight rub-
ber bands, flat-soled shoes). Furthermore, they are encouraged to exercise regularly 
and keep an active lifestyle [1] to lose weight. Whenever possible, they should give 
preference to taking the stairs instead of the elevator, taking the bike instead of the 
car for short distances, etc. The physiotherapist is part of a multidisciplinary team, 
consisting of other healthcare professionals such as wound care nurses, surgeons, 
and dieticians, if needed. Patient-centered therapeutic education can alleviate CVD 
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symptoms and enhance QoL [58]. It is crucial that therapy protocols are tailored to 
the different needs of individual patients and fit into their life.

Calf muscle stretching (20–30 seconds, standing position, heel remains on the 
surface) after endurance and/or strength training aims at relaxing and elongating 
muscles. Additionally, during the stretching maneuver, the ankle joint is mobilized 
into dorsiflexion [52]. Simultaneously, deep veins are stretched in a longitudinal 
direction, producing a reduction in venous diameter, better valve closure, and 
enhanced venous backflow [59]. Stretching after active exercise and predominantly 
after strength training also prevents training-related muscle soreness.

To improve ankle ROM patients can use a belt or strap to passively pull their own 
foot in dorsiflexion. This exercise is best being taken while sitting on a mat on the 
ground, knees extended, and hips 90° flexed. Patients having difficulties moving to the 
floor sit on a stool, leaning on the backrest, hip nearly extended, and knee extended. 
The stretching position should be held for at least 20–30 seconds, giving passive 
structures the possibility to relax. During the exercise patients can report a feeling of 
stretched tissue, but no pain. Another possibility employs a Redondo ball while sitting 
on a chair (Figure 4). The affected foot is placed on the ball and the patient is instructed 
to roll the ball backward by flexing the knee which leads to enlarged dorsiflexion. The 
final position is held for several seconds, followed by a rolling back until the foot is 
placed underneath the knee. 10–20 repetitions are recommended for this exercise.

5. Manual lymphatic drainage

Manual lymphatic drainage (MLD) in CVD involves the neck, possibly the abdo-
men, and one or both lower limbs in approximately 45 minutes to 1 hour time. The 
therapy is completed by CT, patient education, and active exercises [60].

Figure 4. 
Redondo ball exercise.
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A few studies have explored MLD within CVD. In 2014 a study group compared 
MLD in a cohort of CVD patients (CEAP C1-5) and healthy controls. They showed an 
increase of blood flow in both, the femoral and the great saphenous vein after MLD 
in both groups. However, this flow was less accentuated in patients with a higher 
stage of the disease. They recommended MLD as a viable strategy for CVD [61]. 
Another group tested 10 MLD sessions for the lower limb vs. disease education in 41 
CVD patients. They concluded that MLD improves venous edema (measured with 
the VCSS) and heaviness at the follow-up after 4 weeks and 2 months, respectively 
[62]. A small patient group with VLU was subjected to complex decongestive therapy 
(MLD + compression + skincare + exercise) for 5 (n = 8) or 10 days (n = 9) and a 
control group (n = 9) who received CT alone. This resulted in significantly improved 
ulcer healing for the 10-day course in comparison to CT (p = 0.039) [63]. Mosti et al. 
treated 38 patients with 10×20min MLD in advance of their venous surgery and com-
pared them to a control group (n = 42). This protocol led to a significant reduction of 
foot volume post-surgery in favor of the MLD group. No significant group differences 
were observed in QoL or venous refilling time [64].

6. Conclusion

CVD is a highly prevalent disorder. It can be treated with various kinds of exercise 
therapy on dryland and underwater. Aerobic exercises focus on lower limb activities 
(walking, cycling, aqua exercises) and are complemented by resistance exercises 
and muscle stretching. Breathing exercises, leg elevation, and manual lymphatic 
drainage act as a supplement. A critical factor for success is the patient’s adherence to 
lifestyle changes and health behavior. Compression therapy is an indispensable part 
of CVD. Patient education aims at health literacy and patients’ adherence to exercise 
and compression therapy. In CVD, the physiotherapist is part of a multidisciplinary 
team. The enhancement of various patients’ complaints (pain, leg edema, ankle range 
of motion, venous reflux) allows for an improvement of quality of life and a better 
degree of participation in activities of daily life.

© 2023 The Author(s). Licensee IntechOpen. This chapter is distributed under the terms of 
the Creative Commons Attribution License (http://creativecommons.org/licenses/by/3.0), 
which permits unrestricted use, distribution, and reproduction in any medium, provided 
the original work is properly cited. 
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